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LIST OF PHtSlOO-OHBMIOAL SYMBOLS, 


List of Physico-chemical Symbols adopted by the Chemical Society . 
[See J.C.S., 1921,119, 502—512.] 


1. Mathematical Symbols. 


Base of natural (Napierian) logarithms ... 

Diameter ....... 

Radius ... 

Ratio of circumference to diameter .. 

Summation... 

Variation ...... 

Total differential ... 

Partial differential ..... 


Usual 

symbol. 

e 

d 

r 

IT » 
2 
5 
d 

b 


Alternative 

symbol. 


2. Universal Constants. 


Acceleration due to gravity.. 

Mechanical equivalent of heat ... 

Avojjadro’s constant [number of molecules 

in 1 gram-molecule (mole)]..... 

Gas constant per mole .. 

Faraday’s constant (number of coulombs 

per gram-equivalent of an ion) .. 

Charge on an electron .... 


N 

R 

P 


3. General Physics and Chemistry • 


Length ......... 

Height...... 

Mass ...... 

Time .. 

Volume ....... 

Density (mass per unit volume) .. 

Pressure...... 

Concentration .... 

Mole fraction ..*..... 

Critical constants s pressure, volume, tem¬ 
perature (centigrade), temperature 

(absolute), density ... 

Reduced quantities t pressure, volume, 

temperature, density *.. 

van der Waals’s constants ... 

Fluidity .......... 

Viscosity .... 

Surface tension ............ 

Diffusion coefficient..... 

Atomic weight ............................. 

Molecular weight 
Velocity coefficient of reaction 

Equilibrium constant ... 

van’t Hoff coefficient .......................... 

Degree of dissociation (electrolytic, thermal, 








































LIST OF FHYSIOO-OHBMIOAL SYMBOLS. 


4. Beat and Thermodynamics . 


Temperature (centigrade) ... 

Temperature (absolute) . 

Critical temperature ... 

Reduced temperature ......... 

Critical solution temperature . 

Quantity oi heat ............*. 

Entropy ...... 

Specific heat ... 

Specific heat at constant pressure . 

Specific heat at constant volume . 

Ratio of specific heats, c p : c, ... 

Molecular heat ....... 

Molecular heat at constant pressure . 

Molecular heat at constant volume .. 

Latent heat per gram ....... 

Latent heat per mole ...... 

Maximum work (diminution of free energy) 


Usual 

symbol. 

t 

T 

f>rp T r 

^c»» T« 

Q 



Alternative 

symbol, 

0 


0. Optics. 

Wave-length of light ....... 

Refractive index ..... 

Specific refractive power (Gladstone and 

Dale) ..... 

Specific refractive power (Lorenfcz and 
Lorenz) ... 


Molecular refractive power .. 

Angle of optical rotation ..... 
Specific rotatory power ..... 
Molecular rotatory power „ 
Specific magnetic rotation .. 
Molecular magnetic rotation 


\ 

n 


re, Ml 



AfM 


n. 


6. Electricity and Magnetism . 


Quantity of electricity.... 

Current intensity ..... 

Resistance ............ 

Electromotive force ..... 

Electrode potential, or discharge potential 

of an ion ....... 

Electrode potential referred to the normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 

taken as zero..... 

Normal potential, i.e., the electrode poten¬ 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub¬ 
stances and ions of variable concentra¬ 
tion ..*. . . 

Dielectric constant ....... [ m 

Conductivity (specific conductance} .. 

EqnivaJbnt conductivity.. 

Equivalent conductivity at different dilu¬ 
tions—volumes in litres containing 
1 gram-equivalent ... 


Q 

I 

R 

E 

E 


Ek, Eg 


t Eh 0 E a 

€ 

■K 

A 


w 

* 


«A# * 


t>*A» 0* 


Ajuj* A w A oo 
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6. Electricity and Magnetism —(continued). 


Equivalent conductivity of kation and 

of anion .. 

Equivalent conductivity of specified ions... 

Molecular conductivity . 

Velocity of kation and of anion in cm./ sec. 
when the potential gradient is 1 volt 

per cm. ...... 

Transport number of kation and of anion ... 

Magnetic permeability .... 

Magnetic susceptibility . 


Usual 

symbol. 

A jt, A 0 

Air Aci 
V- 


U h U a 

n*,n a 

K 


Alternative 

symbol. 


Symbol. 

A 

a 

b 

0 

c 

G„C 

c*^c/ 

d 

d a 

d 

B 

e 

Ba 




i 

1 

I i 
J 
K 

k 

L 

l 

M 

M[«] 

M[«] 

m 

N 


List of Symbols, Arranged Alphabetically. 

Name of quantity. 

Atomic weight; maximum work. 

Van der Waals’s constant. 

Van der Waals’s constant. 

Concentration; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant 
volume. 

Specific heat at constant pressure, and at constant volume. 
Alternative symbol for density. 

Diameter; total differential; density. 

Critical density, 

Reduced density. 

Electromotive force; electrode potential* 

Base of Napierian logarithms; charge on an electron. 
Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Faraday’s constant (number of ooulombs per gram-equiv¬ 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van’t Hoff’s coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed* 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power, . 

Mass. 

Avogadro’s constant (Losohmldt’s number) or number of 
molecules in 1 gram-molecule. 

Refractive index. 
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List of Symbols > Arranged Alphabetically —(continued). 
Symbol, Name of quantity. 

«*, n tf Transport number of kation and of anion. 
n, Refractive index (alternative symbol). 

P Pressure. 

<p Pressure. 

p at pt Critical pressure : reduced pressure. 

Q Quantity of heat; quantity of electricity. 

R Gas constant per mole; electrical resistance. 

jR 0 , R l Molecular refractive power, according to Gladstone and 

Dale, and to Lorentz and Lorenz respectively, 
r Radius. 

r Qt ri Specific refractive power according to Gladstone and Dale, 
and to Lorentz and Lorenz respectively. 

S Entropy. 

T Absolute temperature. 

T 4 Critical temperature (on the absolute scale). 

T r Reduced temperature (absolute). 

Critical solution temperature (absolute). 
t Time; temperature (centigrade). 

t 0 Critical temperature (centigrade). 

t u Critical solution temperature (centigrade). 

tr Reduced temperature (centigrade). 

U tt U 0 Velocity of kation and of anion in cm./sec. when the poten¬ 
tial gradient is 1 volt per cm. 

V Volume. 

v Volume. 

v Cf v r Critical volume : reduced volume. 

W Electrical resistance (alternative symbol). 

x Mole fraction. 

« Degree of dissociation (electrolytic, thermal, etc.); angle 

of optical rotation. 

[a] Specific rotatory power. * 

7 Surface tension; ratio of specific heats. 

A Diffusion coefficient. 

5 Variation, 

ft Partial differential. 

« Electrode potential (alternative symbol); dielectric con¬ 

stant. 

**, « Electrode potential referred to the normal hydrogen or the 

normal calomel electrode respectively, tne potential of 
which is taken as zero (alternative symbols), 
on, Normal potential, that is, the electrode potential referred to 

the normal hydrogen or the normal calomel eleotrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 
n Viscosity. 

0 Temperature (centigrade), (alternative symbol), 

ic Specific conductance (conductivity); magnetic suscepti¬ 

bility. 

A Equivalent conductivity. 

^io» A« Aao Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram-equivalent). 

Aa Equivalent conductivity of kation and of anion. 

X Wave-length of light. 

p, Molecular ^conductivity ; magnetic permeability, 

t Ratio of circumference to diameter. 

2 Summation. 

a Surface tension (alternative symbol). 

<p Fluidity. 

M Specific magnetic rotation. 



CXCVII .—The Inter-relationships of the Sulphur Acids. 

By Henry Bassett and Reginald Graham Dttbrant. 

This investigation arose out of an attempt to explain the genesis 
of polythionates in the Wackenroder reaction and in the decompos¬ 
ition of thiosulphates by acid. It soon became clear that the 
reactions of many of the sulphur acids required further study 
before the formation of polythionic acids could be understood. 

In all the reactions of the sulphur acids, the hydrogen-ion con¬ 
centration plays a very important part and in great measure 
determines the path followed. Addition of acid, i.e., hydrogen ions, 
to a system should, in accordance with the principle of Le Chatelier, 
favour reactions which remove hydrogen ions, whilst hydroxyl ions 
should produce exactly the opposite effect. These deductions are, 
on the whole, borne out by experiment. 

The method adopted in the theoretical portion of the present 
paper is to consider all reactions and give all equations in terms of 
the acids concerned, even although the reactions may occur in 
alkaline solutions. This has been done for the sake of simplicity 
and uniform treatment, and must not be taken to mean that the 
reactions may not follow an ionic course, although we think it 
probable that many of the reactions discussed do actually involve 
the non-ionised acids rather than then ions. 

A number of equation® have to be referred to frequently. These 
are given in the text in Ine positions where they are first considered. 
To each has been given a number by which it is referred to on 
subsequent occasions, and for convenience in reference all such 
equations are here collected in the order of their first appearance, 
equations mentioned only once not being included; a after the 
number of an equation signifies the reaction from left to right, 
6 that from right to left. 

2S + 2H a O = H a S + (HO) 2 S ........ (I) 

S(OH) 2 + HOS'OS'OH — H 2 S + H 2 S 2 0 5 . . . . (II) 

HO‘S-0-SO-OH~(HO) 2 S-S0 2 .. (Ill) 

H a O + S0 2 

HOS*OSOOH -f H 2 0~S(GH) a -|- A | . . .(IV) 

H-aSOg 

S(0H) 2 + S0 2 = (HOJjS-SO,.. (V) 

HO'S’OSOOH + (H0) 2 S*S0 2 *2 H 2 S 2 0 5 + H 2 S 2 0 3 . . (VI) 
H 2 S0 3 + H 2 S 2 0 5 - H 2 S0 4 + HgSA ..... (VII) 
H&Oa =2 H a S0 3 + S (2H 2 S 2 0 3 = 2H 2 S0 3 + S 2 ) . . (VIII) 
2H 2 S 2 0 3 = H s S + H 2 S 3 0 6 . .... . . . .(IX) 

2H2SA-H a O + H 2 S 4 O s . . . . ... . . (X) 

ft to 
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H 2 S 2 0 7 + HsS ^ H 2 S 3 0 6 + H 2 0.(XI) 

H 2 S 3 0 6 + S — H 2 s 4 0 6 ( 2 H 2 S 3 O e + S 2 - 2H 2 S 4 O 0 ) . (XII) 

H 2 S 4 0 6 + S^H 2 S 5 0 6 (2H 2 S 4 0 6 + S 2 ^2H 2 S 6 0 6 ) . (XIII) 

h 2 s 3 o 6 + h 2 s 2 o 3 =h 2 s 4 o 6 + h 2 so 3 .(XIV) 

h 2 s 4 0 6 + h 2 s 2 o 3 ^ h 2 s 5 o 6 + h 2 so 3 .(XV) 

In order to save space and avoid repetition, the experimental 
portion of the paper contains only the practical details of experi¬ 
ments, their connexion with the theoretical discussion being indicated 
by cross references. Any purely qualitative experiments which are 
discussed in the theoretical part are not, as a rule, referred to again 
in the experimental part. 

The Hydrolysis of Sulphur . Sulpkoxylic Acid , 

It has been generally supposed that hydrogen sulphide and 
sulphurous acid are the first products of the hydrolysis of sulphur 
(Cross and Higgin, J., 1879, 35, 249; Ber., 1883, 16, 1195) and 
may give rise to thiosulphuric or other sulphur acids. 

This view is probably incorrect, for, just as the hydrolysis of 
chlorine results in the production of equivalent amounts of hydrogen 
chloride and hypochlorous acid, so the hydrolysis of sulphur should 
give equivalent amounts of hydrogen sulphide and sulphoxylic 
acid, (HO) 2 S. The latter is doubtless a very unstable substance 
and would readily undergo further change. 

Although neither free sulphoxylic acid nor its salts are known, 
there are two simple derivatives which are readily accessible. 
These are sodium formaldehydesulphoxylate and sodium hydro¬ 
sulphite [hyposulphite]. We have shown that when sulphoxylic 
acid is liberated from the formaldehyde compound by hydrolysis 
it undergoes decomposition into hydrogen sulphide and sulphurous 
acid—a charge analogous to that undergone by hypochlorous acid* 
If the hydrolysis occurs in presence of a lead, arsenic, antimony, 
stannous, bismuth, cadmium, nickel, cobalt, or zinc salt, the 
sulphide^ of the metal is precipitated. No acid, other than that 
present in the solution owing to hydrolysis, must be added in the 
case of zinc, nickel, or cobalt, otherwise the precipitate of sulphide 
fails to appear; and very little must be present in the case of 
cadmium. With salts of silver, copper, and mercury, reduction to 
metal occurs. This may occur also with arsenic and probably with 
antimony or bismuth, especially in absence of much acid, whilst, 
conversely, a little sulphide may be formed in the case of copper 
and silver in presence of much acid. Precisely what happens in 
such cases depends upon the relative rates of the oxidation of 
Bulphoxylic acid to sulphurous acid or of its change into hydrogen 
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sulphide and sulphurous acid. These rates are affected by con¬ 
centration of reactants, acidity, and temperature (compare results 
with sodium hydrosulphite, Na 2 S 2 0 4 , Firth and Higson, J., 1923, 
123,1515; J. Soc . Chew. Ind ., 1923, 42, 427t). 

In absence of salts of heavy metals, the hydrogen sulphide acts 
upon the formaldehyde to some extent to yield trithioformaldehyde, 
which appears as white crystals or oily drops and is readily detected 
by its characteristic smell. The normal interaction of hydrogen 
sulphide and sulphurous acid leads to formation of sulphur and 
polythionic acids (see Expt. D). 

On alkaline hydrolysis sulphur gives rise to polysulphide and 
thiosulphate (Gmenn, “ Handbook of Chemistry,” Watts’s English 
Transl., 1849, II, 160; Auld, J„ 1915, 107, 480), both of which 
could result from further action of sulphur on previously formed 
sulphide and sulphite. 

The acid hydrolysis of the formaldehydesulphoxylate occurs 
rapidly on heating, but is slow at the ordinary temperature; the 
actual rate depends also upon the acidity. The alkaline hydrolysis 
is extremely slow, but seems to follow a similar course to the acid 
hydrolysis, yielding sulphide and sulphite. 

The action of formaldehydesulphoxylate on sodium plumbite 
solutions is slow at the ordinary temperature, but more rapid on 
heating, A mixture of metallic lead and lead sulphide is usually 
formed, a high concentration of sulphoxylate and high alkalinity 
being most favourable to the precipitation of lead sulphide. The 
reduction to metallic lead is due to the sulphoxylate, and not to 
the formaldehyde (Expt. A), In presence of plumbite, it is the 
formation of insoluble lead sulphide which accelerates the hydrolysis 
of the formaldehydesulphoxylate. Sulphur will produce a similar 
effect by converting the sulphite, formed on hydrolysis of the 
sulphoxylate, into thiosulphate. Thus it was found that, after an 
alkaline solution of formaldehydesulphoxylate had been boiled with 
sulphur and the polysulphide (much of which was, of course, due 
to alkaline hydrolysis of the sulphur) removed with lead acetate, 
the solution was no longer capable of bleaching methylene-blue. A 
similar alkaline sulphoxylate solution, after being boiled for the 
same length of time without sulphur, gave no precipitate with lead 
acetate and still had a strong bleaching action on methylene-blue 
(see also p. 1424). On boiling an alkaline solution of sodium hydro* 
sulphite to which sodium plumbite has been added, a greyish-black 
precipitate of lead sulphide and metallic lead is obtained. The 
same reaction occurs at the ordinary temperature, but much more 
slowly. If the alkaline hydrosulphite solution is boiled and then 
cooled to room temperature before the sodium plumbite is adde&i 
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an immediate black precipitate appears which consists of pure lead 
sulphide if only small quantities of hydrosulphite and plumbite 
are used in the experiment. 

The work of Binz (Ber., 1904,-37, 3549), Bazlen 1905, 38, 
1067), and Reinking, Dehnel, and Labhardt (ibid., p. 1069) leaves 
little doubt that sodium hydrosulphite, Na 2 S 2 0 4 , is to be con¬ 
sidered as the sodium salt of a mixed anhydro-acid derived from 
one molecule of sulphoxylic acid and one of sulphurous acid., At 
the ordinary temperature, it is so stable towards alkali that sodium 
hydroxide can be used to salt it out from its aqueous solution 
(Bernthsen and Bazlen, Ber., 1900, 33, 126). Bazlen (Zoo, cAt., 
p. 1057) showed that both before and after such salting-out the 
hydrosulphite had the formula Na 2 S 2 0 4J 2H 2 0. The experiments 
with lead, which have just been described, show that the hydro¬ 
sulphite is hydrolysed slowly in alkaline solution even at the 
ordinary temperature, and the reactions then observed are the same 
as those obtained with sodium formaldehydesulphoxylate—both 
being the reactions of sulphoxylic acid or its decomposition products. 
If the solution is boiled before the plumbite is added, a preoipitate 
of lead sulphide free from metallic lead can be obtained in the case 
of the hydrosulphite, because the sulphoxylate is converted into 
sulphide and sulphite as fast as it is formed. If the plumbite is 
present during the liberation of the sulphoxylate, some of the latter 
is oxidised by the plumbite before it is converted into sulphide and 
sulphite, and so a mixture of lead sulphide and lead is obtained. 
Alkaline solutions of sulphite give no reaction with plumbite under 
the conditions of these experiments, whilst thiosulphate in alkaline 
solution gives a very faint reaction which will be discussed in a 
later section (p. 1418). 

The readiness with which sulphoxylic acid is converted into 
hydrogen sulphide and sulphurous acid in acid solution, or into 
sulphide and sulphite in alkaline solution, is quite sufficient to 
explain why hydrogen sulphide and sulphurous acid have been 
held to be the first products of the hydrolysis of sulphur. In view 
of these results, however, it is felt that there is every justification 
for considering that the primary reaction in the hydrolysis of 
sulphur, whether this occurs in acid or in alkaline solution, is 
correctly represented by the equation 

2S + 2H 2 0 = H 2 S + (H0) 2 S : .(I) 

Attempts to verify this equation directly have not been successful, 
but they do not disprove it. 

The action of moist sulphur on silver and other metals, even at 
the ordinary temperature, is undoubtedly due to slow hydrolysis of 
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the sulphur, which is accelerated by removal of the hydrogen 
sulphide as insoluble sulphide of the metal. Similarly, solutions 
of silver salts, or salts of other metals which form very sparingly 
soluble sulphides, are readily acted upon by sulphur on boiling. A 
quantitative experiment in which sulphur was digested with metallic 
silver in presence of chromic acid was in better agreement with 
reaction (I) than with a reaction 3S + 3H 2 0 ^ 2H 2 S + H 2 S0 3 , 
since approximately one molecule each of silver sulphide and 
sulphuric acid were formed (Expt. B). 

When finely-ground rhombic sulphur was boiled with silver 
acetate solution, the alteration of the sulphur was very superficial 
owing to the dense, coherent film with which it became covered. 
This so effectively protected the sulphur that it was impossible to 
remove it completely even by long-continued extraction in a Soxhlet 
apparatus with benzene or carbon disulphide. Whether the film 
consisted of a mixture of silver sulphide and silver in the proportion 
to be expected from equation (I), could not therefore be determined. 

The reactions 2S(OH) 2 » H a S + H 2 S0 4 and 2S(OH) ? - H 2 S 2 0 3 + 
H 2 0 look simple, but we can find no evidence that either of them 
occurs, although we have a certain amount of negative evidence 
against them. If sulphoxylic acid could undergo either of these 
changes, alkali should promote the changes, since both would 
correspond to a considerable increase in hydrogen ion. We find, 
however, that there is no sulphate produced when sodium form- 
aldehydesulphoxylate is boiled with alkaline plumbite solution 
(Expt. C). Neither is any sulphate produced when sodium form* 
aldehydesulphoxylate is hydrolysed in acid solution either alone or 
in presence of lead or arsenious salts (Expt. D). If the arsenious 
sulphide formed had resulted from the decomposition of thio¬ 
sulphate, large amounts of sulphate would have been formed, as 
special experiments showed (Expt. E). 

Long heating of alkaline solutions of sodium formaldehyde- 
sulphoxylate did not seem to lead to the formation of any thio¬ 
sulphate ; the sulphoxylate was apparently unchanged. 

Sulphur separates at once when a strong hydrosulphite solution 
is added to concentrated hydrochloric acid, whereas when sodium 
thiosulphate is so added no separation of sulphur occurs for a long 
time (see p. 1430). If the sulphoxylic acid formed on hydrolysis of 
the hydrosulphite changed rapidly into thiosulphate, no separation 
of sulphur would therefore have been expected. That it does 
separate is not due to the presence of sulphite, for a solution con¬ 
taining an equimolecular mixture of sodium metabisulphite and 
thiosulphate did not yield any sulphur on being added to con¬ 
centrated hydroohloric acid, except after long standing* 
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Eoerster, Lange, Drossbach, and Seidel (Z. anorg. Ghem 1923, 
128, 268) assume that the reaction 2S(0H) 2 ~H 2 S 2 0 3 •+■ H 2 0 does 
occur, and at one time we thought the same, but we have reached 
the conclusion that there is no justification or need for the assump¬ 
tion. At first sight such a change seems to be indicated by the 
fact that sodium hydrosulphite, in absence of air, in neutral or 
faintly acid solutions, changes quantitatively into sulphite and thio¬ 
sulphate (Meyer, Z. anorg . Chem 1903, 34, 43; K. Jellinek and E. 
Jellinek, Z, 'physikal. Chem.> 1919, 93, 325). The solid salt under¬ 
goes a similar change, and old specimens contain large amounts of 
thiosulphate. It is probable that in this change the thiosulphate is 
not formed directly from sulphoxylic acid, but by a more complex 
mechanism which is considered on p. 1411. 

The mechanism of the change of sulphoxylic acid into hydrogen 
sulphide and sulphurous acid calls for comment. A reaction 
3S(OH) 2 ^ H 2 S + 2H 2 S0 3 seems improbable because (i) it would 
be termolecular although it actually occurs very readily, and 
(ii) it is more likely that dissimilar molecules are respectively 
oxidised and reduced. We suggest that it is sulphoxylic acid itself 
which is reduced, whilst its anhydro-acid, H0*S*O*S*OH, which is 
isomeric with thiosulphuric acid, is oxidised. This would give a 
reaction represented by the equation 

S(OH) 2 + HO-S-O-S-OH = H 2 S + H 2 S 2 0 5 . . (II), 

where the H 2 S 2 0 5 is pyrosulphurous acid. The reversal of this chango 
would he the first step in the Wackenroder reaction (see p. 1440) 

The position with regard to equilibrium (II), as disclosed by the 
reactions of formaldehydesulphoxylate with metallic salts, is some¬ 
what peculiar. ' On the one hand, with arsenious chloride, increase 
in acidity favours precipitation of arsenious sulphide instead of 
elementary arsenic, which is formed when little free acid is present, 
but, on the other hand, in presence of sodium plumbite, increase in 
alkalinity favours formation of lead sulphide, the proportion of 
metallic lead which is precipitated increasing as the alkalinity 
decreases. These two results, although at first sight contradictory, 
Can be explained on the basis of equation (II). The reaction would 
proceed from left to right with a considerable increase in hydrogen 
ions, for there can be little doubt, that sulphoxylic acid would be a 
very weak acid just as hypochlorous acid is. Alkali should there- 
fore favour the change into sulphide and sulphite, which agrees 
mth the results of the plumbite experiments. In acid solution, 
high acidity might be expected to favour formation of anhydro- 
sulphoxylic acid at the expense of sulphoxylic acid, and this also 
would accelerate the change of the latter into hydrogen sulphide 
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and pyrosulphite. The effect of high acidity in favouring pre¬ 
cipitation of arsenious sulphide, rather than of free arsenic, would 
then be intelligible. Increase in acidity would also tend to produce 
sulphur dioxide at the expense of either sulphurous or pyro- 
sulphurous acid, and this also would hasten the decomposition of 
sulphoxylic acid. Reaction (I b) occurs with decrease of hydrogen 
ions, and so will be favoured by acidic conditions. It is this inter¬ 
action of hydrogen sulphide and sulphoxylic acid which leads to 
the decomposition of sulphoxylic acid in acid solution in absence 
of metals which form insoluble sulphides. Such decomposition 
could be represented by the summation equation 

2S(OH) a — H 2 S0 3 + S + H a O. 

To postulate the existence of an anhydro-compound, such as 
HOS*0*S'OH, under alkaline conditions may be considered un¬ 
reasonable. This objection has been raised by Bueherer and Schwalbe 
(Ber., 1906, 39, 2814) to the imsymmetrieal formula for sodium 
hydrosulphite. However, sulphoxylic acid may be expected to be 
a very weak acid, and anhydro- (or pyro-) or even meta-salts of 
weak acids can certainly exist in alkaline solution; for instance, 
the borates Na a B 2 0 4 ,4H a 0 and K a B 2 0 4 ,2JH a 0 can separate from 
solutions containing a large excess of alkali (Dukelski, Z. anorg . 
Chem ., 1906, 50, 41). 

Vogel and Partington (J., 1925, 127, 1522) claim to have pre¬ 
pared solid, crystalline sodium sulphoxylate, Na a S0 2 , and sodium 
ethyl sulphoxylate, NaEtS0 2 . The sodium sulphoxylate is said to 
be practically unattacked by boiling concentrated hydrochloric or 
sulphuric acid, although attacked by a hot mixture of fuming 
nitric acid and bromine. Such behaviour is most improbable, and 
our view is that these authors were actually dealing with more or 
less impure sodium sulphate. In any case it is certain that sodium 
sulphate is precipitated on addition of sulphuric acid to a solution 
of sodium compounds in absolute alcohol, and such addition was 
an important step in the recorded preparations. 

Ilydrosulphurous Acid . 

The Factors which determine Colour in Simple Sulphur Compounds * 
—On the whole, the term “hydrosulphite,” which is in fairly 
general use, would seem to be as good as any which has been 
suggested for the salt Na 2 S 2 0 4 . “ Hyposulphite,” the official term, 
does not seem satisfactory, partly because this name has become 
so firmly attached to what is more correctly called thiosulphate, 
and partly because it is doubtful whether one could oorreofly 
apply it to Na g S a Q 4 , even if this complication did hot exist* W$ 
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consider that it is sulphoxylic acid, S(0H) 2 or H 2 S0 2 , which alone 
has any right to be called hyposulphurous acid. Since H 2 S 2 0 4 is 
a 4 ‘mixed” anhydro-acid, it has no right to the name, as it does 
not belong to the simple sulphuric-sulphurous series at all, any 
more than thiosulphuric acid does. 

We cannot discuss all the evidence for the unsymmetrical anhydro- 
acid structure of the hydrosulphites, but merely wish to direct 
attention to the fact that the action of various oxidising agents 
strongly indicates this structure. Mild oxidising agents, such as 
silver salts, normally oxidise hydrosulphite to Sulphite, but the 
action of molecular oxygen is exceptional, for Meyer (loc. cdt.) 
showed that in this case sulphite and sulphate are formed. His 
figures indicate that these would be in equimolecular proportion 
were it not for disturbances due to hydrolysis of hydrosulphite by 
the acid formed as the oxidation proceeds. This seems to agree 
particularly well with the unsymmetrical formula. We have found 
that, in solutions containing sufficient sodium carbonate to neutralise 
the acid as it is formed, the atmospheric oxidation of hydrosulphite 
proceeds smoothly as a unimolecular reaction (Expt. F). 

Solutions of sodium hydrosulphite, as is well known, become 
yellowish-brown on acidification. With concentrated solutions, the 
colour may be as deep as, and very similar to, that of N /10-iodine, 
The smell of hydrogen sulphide is quite evident directly after 
acidification, but is soon masked by that of sulphur dioxide. This 
formation of hydrogen sulphide is not generally mentioned, and 
although Bemthsen (. Annalen , 1881, 208, 172) and Meyer (toe. cit,) 
mention that cadmium sulphide is precipitated when hydrosulphite 
solutions containing cadmium sulphate are acidified, they do not 
appear to have noticed the hydrogen sulphide itself. Sulphur 
eventually separates from the acidified solution, but the time 
which elapses before this occurs may be considerable. The colour 
persist® longest when the acidification has been effected by sulphuro iih 
acid. If a strong sodium hydrosulphite solution is added to con¬ 
centrated hydrochloric acid, one obtains but a momentary brown 
colour, and a precipitate of sodium chloride and sulphur separates 
at once. 

The colour of acid hydrosulphite solutions has never been satis¬ 
factorily explained. It has usually been regarded as the colour of 
the free acid, but, according to present-day views, since the salts 
are colourless the acid should be colourless too, unless some change 
of constitution occurs after it is set free from its salts. The bright, 
clear, deep-coloured solutions do not at ah give the impression of 
colloidal solutions of sulphur, a possibility which has been mooted 
(Abegg’s Handbuch, 1908, II, Pt. 1 , p. 262). 
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When considering a possible explanation of the colour, several 
other instances of colour in simple sulphur compounds or their solu¬ 
tions should be borne in mind. The chief of these are : (1) Sulphur 
itself—the much deeper colour of plastic sulphur as compared with 
crystalline sulphur is of interest. (2) Sulphur mono- and di-chlorides, 
which are yellow. (3) Sulphur tetrachloride, which has a brownish- 
red colour. (4) The polysulphides. (5) The yellow or greenish- 
yellow solutions obtained by saturating strong alkali-metal or 
ammonium bisulphite solutions with sulphur dioxide. (6) The 
yellow solutions obtained by the action of sulphur dioxide on 
thiosulphate solutions : yellow solids, K 2 S 2 0 3 ,S02 and Rb 2 S 2 0 3 ,S0 2 
have recently been prepared by Foerster and Vogel ( Z . anorg. 
Ghem., 1926, 155, 161). (7) The yellow compounds of sulphur 

dioxide with potassium thiocyanate and with potassium iodide 
(Fox, Z . physikaL Chem 1902, 41, 458; Ephraim and Kornblum, 
Ber., 1916, 49, 2007). 

Since potassium bromide and chloride combine with sulphur 
dioxide to form colourless compounds, it would appear that the 
colour of the potassium iodide compounds is in some way due to 
the iodine. The potassium iodide-sulphur dioxide compound need 
not therefore be considered in the present connexion. The com¬ 
pound KCNS,S0 2 would, however, seem to owe its colour in some 
way to the attachment of sulphur dioxide to the sulphur of the 
thiocyanate. 

According to the modern theories of valency, the sulphur atom 
in all its ordinary compounds is surrounded by an outer shell of 
8 electrons. This is true of all the sulphur atoms in the following, 
among others : The S" ion of the sulphides, the HS' ion, hydrogen 
sulphide, sulphites, sulphates, thiosulphates, and polythionates. 
The co-ordination number of these substances ranges from zero in 
the case of the S" ion to 4 in the case of the sulphates. Neverthe¬ 
less, all these compounds (unless a colour-giving positive ion is 
present) are colourless. The lack of visible colour seems, then, to 
depend upon the one common characteristic, the shell of 8 electrons, 
and is evidently independent of the state of the atom with respect 
to co-ordination. 

The existence of the very stable sulphur hexafluoride shows that 
sulphur in suitable combination can have as many as 12 electrons 
in its outer shell. This compound also is colourless. 

In sulphur tetrachloride, the sulphur atom would have an outer 
shell of 10 electrons, and since this compound has a brownish-red 
colour, it may well be that it is essentially the 10-eleotron sheath 
which determines visible colour in all the compounds we are con¬ 
sidering. In potassium thiocyanate, the sulphur atom hast the 
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normal 8-electron sheath, but when it becomes co-ordinated with A 
molecule of sulphur dioxide in the compound KCNS,S0 2 > it is then 
surrounded by a 10-electron sheath, and the compound is yellow. 

Most of the other yellow sulphur compounds referred to above 
can be accounted for on this basis. The greenish-yellow sulphite 
Solutions owe their colour to H 2 S0 3 ,S0 2 —perhaps better written as 

0 s sol’ wllio k k isomeric with pyrosulphurous acid, 
H a qSOS qI . The yellow colour of thiosulphate solutions which 

havebeen treatedwith sulphur dioxide would be due to H 2 

In both these cases the sulphur atom to which the sulphur dioxide 
becomes attached would have a 10-electron sheath. 

When hydrosulphurous acid is liberated from its salts, it will be 
readily hydrolysed to sulphoxylic acid and sulphurous acid. The 
yellowish-brown colour is most probably due to a compound, 
(H 0 ) 2 S'S 0 2 , obtained by the co-ordination of one molecule of sulphur 
dioxide with the sulphur atom of a molecule of sulphoxylic acid. It 
could also arise directly by a simple intramolecular change. This 
compound is isomeric with hydrosulphurous acid itself, which may 
be written HOS-OSO-OH. When sulphur dioxide is passed into a 
solution of sodium formaldehydesulphoxylate, a solution of precisely 
the same colour is obtained as from sodium hydrosulphite. The 
properties of the two solutions are similar, and the coloured com¬ 
pound may be the same in the two cases. It is possible, however, 
that the formaldehyde still remains attached in the one case. 

It is noteworthy that formaldehyde removes the colour from 
solutions of all the above sulphur dioxide addition compounds 
owing to formation of the very stable formaldehydesulphurous 
acid. 

Sulphur monochloride, SgClg, would be expected on the above 
theory to be colourless. Its yellow colour may possibly be due to 
association in the liquid state, i.e., co-ordination of one molecule 
with the sulphur atoms of other molecules. 

The colour of sulphur itself and of the polysulphides is explicable 

cm the basis of a colourless S<| molecule, with a structure similar 

to that assigned by Rahkine (Proc. Physical Soc 1922, 35, 33) to 
sulphur dioxide, in which all three sulphur atoms have 8-electron 
sheaths, or of an S 3 molecule of structure S=S—S, in which each 
sulphur atom would also have an 8-electron sheath. In hydrogen 
trisulphide, which is yellow, one of the sulphur atojns would have 
a lO-electron sheath, and so on. Hydrogen disulphide/which is 
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presumably H # S'S*H, is colourless (Walton and Parsons, J . Amer. 
Chem. Soc. 9 1921, 43, 2539). 

Sulphur tetrachloride is the only coloured sulphur compound 
which has been considered that does not contain sulphur-sulphur 
linkages, but it seems unlikely that such linkages in themselves 
have any great influence on the colour, since thiosulphates, poly- 
thionates, etc., in which such linkages occur, are colourless. The 
10-electron sheath seems to be the important factor, although, of 
course, the actual colour of any particular compound must depend 
to some extent upon its structure and composition as a whole. It 
may well be that union of 10-electron sulphur with 8-electron 
sulphur promotes colour in a similar way to that assumed by 
Willstatter and Piccard (Ber., 1908, 41, 1465) in organic compounds 
with a mm'-quinonoid structure. 

The decomposition of hydrosulphurous acid can be briefly summed 
up thus: 

H0-S-0-S0'0H~(H0) 2 S*S0 2 .... (Ill) 

h 2 o + so 2 

H0-S-0*S0-0H + H 2 0^S(0H) a + + + . . (IV) 

H 2 so 3 

S(0H) 2 + S0 2 ^(H0) 2 S-S0 2 .... (V) 

Whether direct rearrangement of the two isomeric forms of H 2 S 2 0 4 
occurs, or whether one form is converted into the other via sulph- 
oxylic acid formed by hydrolysis, it is not possible to say. Very 
likely both methods of change occur. 

Since two sulphur atoms are directly united in (H0) 2 S*S0 2 , its 
ready reduction to thiosulphate might bo anticipated. K. Jellinek 
and E. Jellinek ( loc , cit) showed that hydrosulphurous and thio- 
sulphuric acids are successive stages in the electrolytic reduction 
of sulphurous acid. Oxidation of H0*S*0*S0*0H by (H0) 2 S*S0 2 
probably accounts for the change of hydrosulphite into thiosulphate 
and pyrosulphite in accordance with the equation : 

HOS-O-SOOH + (H0) 2 S’S0 2 ^ H 2 S 2 0 6 + H 2 S 2 0 3 . (VI) 

The change follows a bimolecular course (K. Jellinek and E. Jellinek, 
loc . tit). The Jellm-eks* observation, that in presence of sodium 
bisulphite the rate of change is greater and roughly proportional to 
the square of the bisulphite concentration, is probably due to a 
stabilising effect of the sulphite on the two forms of hydrosulphurous 
acid in accordance with reactions (IV) and (V). 

In acid hydrosulphite solutions there occur, superimposed on the 
above changes, the two reactions of sulphoxylic acid represented 
by equations (I) and (II). In addition, there is the possibility of 
polythionic .acid formation, either by interaction of hydrogen 
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sulphide and sulphurous acid or by decomposition of thiosulphate 
(see pp. 1416—17 and 1440). Polythionates appear to be always 
formed during the decomposition of hydrosulphurous acid (Foerstor, 
Lange, Drossbach, and Seidel, loc. cit. } p. 278). 

The fairly permanent, yellow colour, which remains after the 
yellowish-brown colour of (H0) 2 S*S0 2 has disappeared, is due to 
the sulphur dioxide-thiosulphuric acid complex. 

Freshly acidified hydrosulphite has a most unpleasant smell 
suggestive of, but differing from, that of hydrogen sulphide, and 
not like a mixture of hydrogen sulphide and sulphur dioxide. It 
reminds one of sewer gas more than anything else, and it may well 
be the smell of sulphoxylic acid. 


The Autoxidation of Sulphurous Acid . 


It is known that in absence of air solutions of sulphurous acid 
slowly undergo a change which is generally represented by the 
equation 3H 2 S0 3 = 2H 2 S0 4 + S + H 2 0. This change is greatly 
accelerated by a high temperature or exposure to light, 

Foerster, Lange, Drossbach, and Seidel (loc. cit.) have recently 
made a careful and exhaustive study of this reaction. With some 
of the theoretical conclusions of these authors we cannot agree, 
and we shall briefly explain our own views without adducing full 
details of the evidence. We agree with them (loc. cit. 9 p. 267) 
that two different molecules must be concerned in the oxidation 
and reduction which is the first step in the autoxidation, but not 
with their suggestion that these are two different forms of the 
HS0 3 ' or S 2 0 6 " ions reacting according to the equations: 2HS0 a '~> 
S 2 0 6 " —>• S0 4 " + so, where H 2 S0 2 is sulphoxylic 
acid and SO its anhydride. 

We consider that the reaction 


H 2 S0 3 -fH^Og— H 2 S0 4 + H 2 S 2 0 4 . . . 

is far more probable, this equation being regarded as applying to 
the reactions of the respective ions as well as to the non-ionised 
acids, as mentioned on p. 1401. We have already (p, 1406) given 
reasons for the view that pyrosulphurous acid is the oxidising agent 
in the Waekenroder reaction, and if so, it is probably the oxidising 
argent in the autoxidation reaction also. Solutions of sulphurous 
aeid appear to contain most of their sulphur dioxide as such (Wright, 
J., 1914, 105, 2907), whilst solutions of alkali-metal bisulphites 

(™»Wphif) (My „,d Bailey, Jf„ 
1513 > Getman, /. Physical Chm 1926, 30, 266). It is 
nounreasonable to suppose that there is some pyrosulphurous 
a ° 1 even m sulphurous acid ” solutions. Since sulphate appears 
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from the very beginning of oxidation, sulphurous acid is probably 
the substance oxidised. H 2 S 2 0 4 , hydrosulphurous acid, is then the 
most probable product of reduction of the pyrosulphurous acid. 

Since the hydrosulphurous acid is unstable under the prevailing 
conditions, it does not accumulate but rapidly undergoes further 
change (p. 1411). This makes the proof of its formation difficult. 

Jungfleisch and Brunei (Oompt. rend., 1913, 156, 1719) stated 
that they had obtained all the reactions for hydrosulphite at the 
stage of the autoxidation just prior to the separation of sulphur. 
Foerster and his colleagues ( loc . cit., pp. 277, 288, 293, and 300) 
could only partly confirm this, although they admitted that in 
some cases small quantities of hydrosulphite are formed at some 
stage of the reaction. 

The only reaction for hydrosulphite which can be obtained in 
these sulphite solutions undergoing autoxidation is the bleaching 
of indigo, which is very delicate (but see p. 1439). 

Sulphur dioxide co-ordinated with thiosulphate or iodide 
[HgSaOa^SOg)^; HI(S0 2 )s] may also be able to oxidise sulphurous 
acid and perhaps more rapidly than does pyrosulphurous acid. 
This would be represented by H 2 S0 3 + [S0 2 ] = H 2 S0 4 + [SO], 
where square brackets indicate a co-ordinated condition; such a 
reaction could account for the remarkable way in which iodide or 
thiosulphate accelerates autoxidation of sulphurous acid (Foerster 
et al ., loc. cit ., pp. 266—269). 

If our views expressed on pp. 1409—10 are correct, the yellow 
bisulphite solutions contain H 2 S0 3 ,S0 2 , in which the sulphur dioxide 
is co-ordinated in a similar way to that present in the iodide and 
thiosulphate complexes. The colour and other indications suggest 
that this form of pyrosulphurous acid is practically absent from 
sulphurous acid solutions, especially weak ones, which nevertheless 
undergo slow autoxidation. It seems likely, therefore, that it is 
the colourless pyro-acid form of H 2 S 2 0 5 (corresponding to the 
solid, colourless pyrosulphites or metabisulphites) —S0 2 H*0*S0 2 H— 
which is normally responsible for the first step in the autoxidation 
of sulphurous acid solutions (reaction VII), and that it is the pyro- 
acid form of hydrosulphurous acid —B>S0 2 *OS*OH— which is 
produced in this first step. 

Some of the pyro-acid form of hydrosulphurous acid undergoes 
rearrangement to the coloured form, H 2 S0 2 *S0 2 , and the two forms 
then react to yield thiosulphate and pyrosulphite (reaction VI). 

The middle phase of the autoxidation of sulphurous acid is 
essentially the decomposition of thiosulphuric acid (discussed on 
pp* 1416—40). Trithionic acid, one of the first products of this 
decomposition, gradually yields tetra- and penta-thionic acids as 
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the concentration of sulphurous acid diminishes with the progress 
of the autoxidation. The polythionic acids finally decompose in 
their turn, and the final products of the autoxidation are sulphur 
and sulphuric acid. 

On account of this polythionic acid formation during autoxid¬ 
ation, tri- and tetra-thionic acids are almost always present in old 
sulphurous acid solutions, whether these have been entirely pro¬ 
tected from atmospheric oxidation or not. As the thionic acids aro 
slowly decomposed in acid solution, the amount surviving in any 
given case depends upon the age and composition of the solution 
(Expt. Gy Table I). 

No separation of sulphur occurs for a long time, because the 
excess of sulphurous acid stabilises both the sulphoxylio and the 
thiosulphuric acids by yielding with them the sulphur dioxide 
addition complexes. Formation of thiosulphate from sulphite and 
sulphur; according to reaction (YIII), is greatly facilitated, and 
also the formation of trithionate in accordance with reaction (IX), 
the hydrogen sulphide being removed by interactions with sulph- 
oxylic acid (reaction I), with pyrosulphurous acid (reaction II), or 
with the sulphur dioxide of the sulphur dioxide-thiosulphate com¬ 
plex. The last reaction could be written H 2 S + [S0 2 ] = S(OH) 2 +S, 
although it only occurs when the sulphur dioxide is combined or 
co-ordinated in a suitable manner (indicated by the square brackets) . 

We, like Foerster, suppose that the autoxidation involves the 
formation of thiosulphate and the breakdown of this by way of 
the polythionates. Our views differ more particularly as to the 
manner in which the thiosulphate originates and decomposes. We 
can find no evidence for the direct conversion of sulphoxylic acid 
into thiosulphuric acid, which is postulated by Foerster, and do not 
believe that it occurs (see pp. 1405, 1406, and 1439). The break¬ 
down of thiosulphuric acid will be considered in the next section. 
Foerster considers that pentathionic acid is the first polythionic 
acid to he formed from thiosulphuric acid, whereas we consider 
that trithionie acid is first formed (reaction IX). 

During the stage of autoxidation (reactions VII and VI), where 
thiosulphate is form i ng, the acidity or hydrogen-ion concentration 
increases, and addition of acid is consequently unfavourable to the 
reaction. On this account, bisulphite solutions undergo autoxid¬ 
ation much more rapidly than do sulphurous acid solutions. 

This effect of the hydrogen ion is connected with its influence 
on the equilibria H‘ + HS0 3 ' = H 2 S0 3 = H a O + S0 2 . The more 
acid the solution, the greater the proportion of sulphur dioxide 
present, and since the autoxidation becomes correspondingly slower, 
this favours the view that sulphur dioxide is not one of the primary 
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reactants. The well-known photochemical change 3S0 2 = 2S0 3 + S 
will not take place if the gas is absolutely dry (Coehn and Becker, 
Z . physical. Chem., 1910, 70, 89), so that possibly even in this case 
the reaction follows a similar course to that outlined above, in the 
him of moisture adsorbed on the surface of the containing vessel. 

Liquids other than water may be able to bring about the reaction, 
as in the somewhat similar case of the interaction of hydrogen 
sulphide and sulphur dioxide (Matthews, J., 19£6, 2270). The 
view that pyrosulphurous acid is one of the primary reactants in 
the autoxidation of sulphurous acid is strengthened by the observ¬ 
ations of Bennett (J.,1922, 121, 1794), who found that sulphur, 
or even hydrogen sulphide, was liberated when sodium sulphite or 
pyrosulphite, in the solid state or in saturated solution, was added 
to hot concentrated sulphuric or phosphoric acid. Sulphur dioxide 
or its saturated solution in water would not act in this way. Under 
Bennett’s conditions, the various stages in the autoxidation are 
passed through very rapidly, and it is not surprising that only the 
use of salts enables a sufficient concentration of pyrosulphurous 
acid to be obtained to make this possible. 

It seems probable that, whenever sulphurous acid is reduced in 
presence of water, the reduction proceeds normally through the 
stage of hydxosulphite and not directly to sulphur or hydrogen 
sulphide. These would be products of decomposition of hydro- 
sulphurous, sulphoxylic, or thiosulphurio acid. In certain cases 
the last may be the second step in the reduction, as in the electro¬ 
lytic reduction already referred to (K. Jellinek and E. Jellinek, 
loc . oil). Instances of reactions involving sulphurous acid which 
can be so accounted for are numerous (Smythe and Wardlaw, 
Proc. Durham Phil Boo., 1913—14, 5, 187; Durrant, J., 1915, 
107, 622; Wardlaw and Clows, J., 1920, 117, 1093; Wardlaw, 
Carter, and Clews, ibid., p. 1241; Wardlaw and Pinkard, J., 1922, 
121, 210; Stewart and Wardlaw, ibid., p. 1481; Eogers, J., 1926, 
254; Carter, J. Soc . Chem . Ind 1926, 45, 207t; Wardlaw, ibid,, 
p. 210t). 

Bichowsky ( J . Jmer , Chem. Boc. 9 1922, 44, 116) has shown that 
at high temperatures (527—613° Abs.) the hydrolysis of sulphur 
leads to equilibria involving hydrogen sulphide, sulphur dioxide, 
and sulphuric acid. These can be regarded as resulting from a 
combination of the hydrolytic equilibria occurring at the ordinary 
temperature with the autoxidation equilibria. 

The Decomposition of Thiosulphuric Acid* 

Numerous investigations on the action of acids upon thiosulphates 
have been published during the last few years, since we commenced 
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our own experiments, and we disagree with many of the conclusions. 
We find that thiosulphuric acid decomposes according to the three 
reversible reactions 


H 2 S 2 0 3 = H 2 S0 3 4-S ..(VIII), 

2H 2 S 2 0 3 ^ H 2 S + H 2 S 3 0 6 .(IX), 

2H 2 S 2 0 8 ^H 2 0 + H 2 S 4 0 5 (X), 

Only reaction (VIII) is usually mentioned in text-books. 

Reaction (IX).—The fact that hydrogen sulphide is invariably 
formed in small amounts when acid is added to thiosulphate solu¬ 
tions has, escaped notice almost entirely. Spring and Levy (Bull. 
Acad. roy. Belg ., 1876, 42, 103; Spring’s collected researches, 1923, 
Vol. II, p. 1028) observed it, and so did Colson (Bull. Soc. chim ., 
1880, 34, 66). Colson attempted to discover the nature of the 
reaction and determined the ratio of hydrogen sulphide and sulphuric 
acid formed. He found that this was variable and seems to have 
concluded that the hydrogen sulphide was formed by the action of 
nascent sulphur on hot water. Of later workers, only Foereter, 
Lange, Drossbach, and Seidel (loc. cit. 3 pp. 245, 307) allude to it. 
They suppose that hydrogen sulphide is formed by a minor side- 
reaction, H 2 S 2 0 3 + H 2 0 — H 2 S0 4 + H 2 S, and do not bring this 
into their scheme of polythionate formation. The presence of 
hydrogen sulphide in standard sodium thiosulphate solutions has 
been attributed by Schulek ( Z. anal CJiem ., 1926, 68, 387) to 
bacterial action. 


We find that hydrogen sulphide is always produced when acids 
or even water alone acts upon sodium thiosulphate. The gas is 
evolved if carbon dioxide is bubbled through, or if the thiosulphate 
is warmed with boric aeid, whilst stronger acids liberate it readily. 
Little or no sulphuric acid is produced unless the mixture is boiled 
for a long time. It then results from the hydrolysis of tri- and 
tetra-thionic acids (Expt. H). 

According to Jellinek (Z. phyeikal. Ghern., 1911, 76, 257; see also 
Kotohoff, Bec. trav, chim., 1924, 43, 216) the oxy-acids of sulphur 
can be arranged in order of increasing strength in the series 


H 2 S 2 0 4 , H 2 S 2 O s , H 2 S0 4 , H 2 S 2 0 6 , H 2 S s 0 6 . 

K- and tri-thionie acids are of about the same strength, and so are 
thiosulphuric and sulphuric acids, whilst sulphurous acid is much 
!f e ^ e ^ e st of the series; hydrogen sulphide is still weaker. 
Reactions (VIII) and (IX) correspond to a definite decrease of 
hydrogen-ion concentration when proceeding from left to right. 
They should therefore -tend to occur in acid solution, as we find 

.!^.23^ sh “ ld “ pev " sed in »»>»«»». 
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That polythionic acids are formed by the action of acids on 
thiosulphates is fairly well known: Chancel and Diacon (Compt. 
rend., 1863, 56 , 710; J. pr. Chem 1863, 90, 55) seem to have been 
the first to observe it. We believe that our experiments show that 
reaction (IX) is the most important one by which these acids are 
formed. It is true that the amount of hydrogen sulphide liberated 
is very small in proportion to the amount of polythionic acids 
formed, but this is because reaction (VIII) is that which normally 
occurs to the greatest extent when acid acts upon thiosulphate. 
The hydrogen sulphide is thus liberated in presence of a large 
amount of sulphurous acid and destroyed by the same reactions 
which occur in the Wackenroder solution, which will be considered 
presently. 

On this basis, trithionic acid becomes a primary, if not the primary, 
thionic acid produced. 

The argument used by Foerster and Vogel ( loc . cit., p. 173) to 
show that penta- and not tri-thionic acid must be the primary 
thionic acid is unsound. According to our scheme, trithionic acid, 
formed by reaction (IX), combines with sulphur, formed by re¬ 
actions (VIII), (II), and (I), to yield tetra- and penta-thionic acids. 
These are also formed by interaction with thiosulphate according 
to reactions (XIII) and (XIV). The fact that more thiosulphate 
than sulphite was consumed in Foerster and Vogel’s experiments 
can thus be quite satisfactorily accounted for on the basis of our 
views, 

Tetra- and penta- as well as tri-thionic acids are formed in the 
action of acids on thiosulphates, but the points which arise in this 
connexion will be discussed in the next section, which deals with the 
Wackenroder reaction. m 

Spring and Levy (loc. cit.) are the only authors who have attached 
any importance to the liberation of hydrogen sulphide, and who have 
assumed that polythionates result from trithionate formed in the 
manner just indicated. Of the greatest significance in this con¬ 
nexion is the fact that in alkaline solution the converse change 
occurs, alkali sulphide and trithionate reacting to form thio¬ 
sulphate (Chancel and Diacon, loc . cit.). 

We consider that there is overwhelming evidence that a reaction 
H 2 S 2 0 3 + H 2 0 ^ H 2 S0 4 + H 2 S does not occur in either direction. 
The direct formation of sulphuric acid and hydrogen sulphide 
from thiosulphuric acid would correspond to a small increase in 
hydrogen ions, so that, if it is possible, it should be favoured by alkali 
and hindered by acid, whilst the formation of thiosulphate from 
sulphate and sulphide should be favoured by acidic conditions. 
Now we have found that in alkaline solutions mixtures of sulphate 
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and sulphide do not react to form thiosulphate, nor does thio¬ 
sulphate yield sulphate and sulphide [see Expt. I, (i), (ii), and 
(vi)]. There seem to be only two ways of explaining these facts : 
either (a) the chemical inertia of the system is so great that un¬ 
stable conditions persist more or less indefinitely, or (6) thiosulphate 
is not directly related to sulphate and sulphide in the manner 
indicated by the above equation. 

There is considerable evidence in support of (b). The precipit¬ 
ation of sulphides of metals by the action of soluble thiosulphates 
on solutions of their salts, or by decomposition of previously-formed 
thiosulphates of the metals, is usually supposed to occur in such a 
way as to give sulphide and sulphate directly, e,g, f Ag 2 S 2 0 3 + II 2 0 k 
A g 2 S -f H 2 S0 4 , and a similar decomposition of thiosulphuric acid 
has been inferred. The same result could, however, be reached via 
the trithionate, e.g,, 


2Ag 2 S 2 0 3 = Ag 2 S + Ag a S 3 0 6 ; Ag 2 S 3 0 6 + 2H a 0 - Ag a S 4- 2H a S0 4 . 

Since the trithionates of the heavy metals are nearly as unstable as 
the thiosulphates, it is difficult to settle this point with simple 
thiosulphates, although Fogh (Ccmpt. rend., 1890, 110, 524) has 
shown quite clearly that when lead thiosulphate is boiled with water 
it yields, in the first instance, sulphide and trithionate. Fogh 
states that this decomposition into trithionate can occur quantit¬ 
atively without any side reactions, but we have always found some 
decomposition of trithionate with consequent formation of sulphate 
and liberation of sulphur dioxide. It is certain, however, that the 
main reaction is that which yields trithionate. With double 
thiosulphates, it is easier to demonstrate that trithionate is formed, 
and Spring (Bull. Acad. roy. Belg., 1874, 37, 45; op. cit., Vol. 2, p. 
966) showed that solutions of the double thiosulphates of an alkali 
metal and silver, mercury, or lead yield on boiling silver, mercury, 
or lead sulphide and alkali trithionate. Conversely, lead sulphide 
on digestion with potassium trithionate was converted into lead 
thiosulphate. When boiled with less than the equivalent amount 
of alkali, lead thiosulphate is largely converted into trithionate 
pixpt. I, (vii)], and also when boiled with dilute acetic acid [Expt. 
I, (viu)]. We find that weakly alkaline solutions of sodium thio¬ 
sulphate on boiling yield sulphide and trithionate, but only a trace 
of sulphate. If they are boded with sodium plumbite, lead sulphide 
is precipitated and trithionate remains in solution, which is in agree¬ 
ment with Spring's results (Expt. I). ® 

a ? aI “ e solutions of thiosulphate, the above 
reaction would not be expected to occur to any extent, for, in the 
equilibrium (IX), increased alkalinity favours the formation of 
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thiosulphate. A minute trace of sulphide always seems to be 
formed, however [Expt. I, (iii)]. 

Since trithionate on hydrolysis can yield sulphate, sulphite, and 
thiosulphate (pp. 1421, 1422), and thiosulphate yields trithionate, 
it follows that there are relationships, although indirect ones, 
between thiosulphate, sulphide, and sulphite on the one hand, and 
thiosulphate, sulphide, and sulphate on the other. The position can 
be seen from a consideration of the reactions 


HaO H a O 

2H 2 S a 0 3 ^ H 2 S + H a S 3 0 6 = 2H 2 S + H 2 S 2 0 7 = 

2H 2 S + 2H a S0 4 .(i) 


2H a S a 0 3 ^H 2 S + H a S 3 0 6 | 
2H a S 3 0 6 *~ H 2 S 2 0 3 + 4H 2 S0 3 j 


3H 2 0 

3H 2 S 2 0 3 = 2H a S + 4H 2 S0 3 . 


(ii) 


From (i) it is seen that in alkaline solution the equilibria of its con¬ 
stituent reactions lie right over to the left as regards the change of 
thiosulphate into sulphide and trithionate, and completely to the 
right as regards the hydration of pyrosulphuric acid. For this 
reason, both ends of the reaction chain (i) appear equally stable in 
alkaline solution. Only in very strong sulphuric acid solution is 
any change in the direction of trithionate and thiosulphate possible. 

Conditions are somewhat similar as regards (ii). In alkaline 
solution, the positions of equilibria are well to the left as regards 
the thiosulphate-trithionate reaction, and well to the right as regards 
the conversion of trithionate into sulphite and thiosulphate (which 
occurs in the steps discussed on p. 1447), so that here also it is found 
that thiosulphate shows no tendency to be hydrolysed to sulphide 
and sulphite, whilst, on the other hand, sulphide and sulphite will 
not react to yield thiosulphate [Expt. I, (iv) and (v)]. 

If only the summation equations H 2 S 2 0 3 + H a O —H a S + H 2 S0 4 
and 3H 2 S 2 0 3 + 3H a O —>• 2H a S + 4H 2 S0 3 aro considered, quite 
erroneous ideas are formed, 

Foerster and Mommsen (Ber., 1924, 57, 258; see also Foerster 
and Vogel, loo, cit p, 168) found that sodium hydrogen sulphide 
and bisulphite react smoothly to yield sodium thiosulphate: 
2NaHS + 4NaHS0 3 —>• 3Na 2 S 2 G 3 + 3H a O, This summation 
equation has the same form as (ii) above, but it would seem that it 
represents a mechanism entirely different from that considered 
above. In all probability, Foerster and Mommsen’s synthesis of 
thiosulphate involved reactions (IK), (K), and (VIII6), occurring 
in succession. Here again, since alkali strongly favours thiosulphate 
in reaction (VIII) and the mixture of sulphide and sulphite in 
reaction (ii), we have the curious position that in alkaline solution 
both thiosulphate and also the mixture of sulphide and sulphite are 
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equally stable. Only in the neighbourhood of the neutral point is 
synthesis of thiosulphate possible by this method. We have found 
that sulphide and sulphite do not react in alkaline solution [Expt. I, 
(iv) and (v)]. 

Barium thiosulphate decomposes very slowly when boiled with 
water. Considerable quantities of polythionates are formed, but 
relatively little sulphate. The formation of barium sulphate 
equivalent to the barium thiosulphate would be expected if thio- 
sulphuric acid decomposed according to the scheme H 2 S 2 0 3 + H 2 0—> 
H 2 S0 4 + H 2 S, in which case, moreover, the decomposition should 
be greatly accelerated by the presence of barium, as it is by the 
presence of salts of copper, silver, and mercury, even after allowance 
has been made for the fact that barium sulphate is not nearly so 
insoluble as the sulphides of these metals. 

An experiment due to Muck (Ber., 1871, 4, 446) seems at first 
sight to show that direct action of hydrogen sulphide on sulphuric 
acid is possible. This author found that, on boiling manganese 
sulphide with a solution of ammonium sulphate, ammonia and 
hydrogen sulphide were expelled and trithionate was formed, although 
only in small amount. He gives no indication of the amount of 
trithionate formed and does not prove that it was not thiosulphate. 
It is clear that in this experiment the manganese sulphide serves 
merely as a source of hydrogen sulphide, which is liberated by the 
action of the acid produced from the ammonium salt by hydrolysis. 
We have repeated the experiment and find that it is thiosulphate 
which is produced, not trithionate. The amount formed is ex¬ 
ceedingly small if one takes precautions to exclude air as thoroughly 
as possible. It is not easy to prevent the formation of a small 
amount of black oxide of manganese—a sure sign of oxidation— 
and the thiosulphate is probably formed by atmospheric oxidation 
of hydrogen, or possibly ammonium, sulphide, this oxidation being 
perhaps catalysed by the manganese oxide. It is known that 
atmospheric oxidation of ammonium sulphide solutions does give 
rise to thiosulphate. We found that an old ammonium sulphide 
solution, which had deposited sulphur and lost its colour, had become 
a strong solution of ammonium thiosulphate (Expt. J). 

Hydrogen sulphide and strong sulphuric acid interact, especially 
when hot, to produce sulphur and sulphurous aoid, and this is 
generally represented by means of the equation H 2 S + H 2 S0 4 —> 
HgSOg + HaO + S. At the ordinary temperature, the sulphuric 
acid has to be almost 2 5N before any separation of sulphur occurs 
on passage of hydrogen sulphide. One would have expected inter¬ 
action at lower concentrations if non-ionised sulphuric acid were 
the active agent in the oxidation. It seems much more likely that 
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it is pyrosulphuric acid which reacts with the hydrogen sulphide 
in the first instance, and that the oxidation of the hydrogen sulphide 
by strong sulphuric acid takes place in several steps, the first of 
which consists in the formation of trithionic acid according to the 
equation 

H 2 S 2 0 7 + H 2 S ^ H 2 S 3 0 8 + H 2 0 . . . (XI) 

It is probable that pyrosulphuric acid is present to some extent 
in acid as concentrated as 2 5N, but it is scarcely likely to be present 
at much lower concentrations. 

Hydrolysis of the trithionic acid in the manner discussed on 
p, 1447 could yield sulphurous acid and thiosulphate, which would 
itself give sulphurous acid and sulphur. Sulphur could also be 
formed by interaction of hydrogen sulphide and the intermediate 
products of the hydrolysis. We consider that we have obtained 
small quantities of trithionic acid by the action of hydrogen sulphide 
on sulphuric acid of such a strength that sulphur is just not deposited 
when a current of hydrogen sulphide is passed through (Expt. K). 

Trithionic acid must be regarded as being thiopyrosulphuric acid, 
and the hydrolysis of heavy-metal trithionates would yield pyro¬ 
sulphuric acid in the first instance, and not two mols. of sulphuric 
acid as shown on p. 1418. On the above basis, the remarkable stability 
of thiosulphate towards alkali becomes intelligible, 

Since an equilibrium H 2 S 2 0 3 + H 2 0 ^ H 2 S + H 2 S0 4 does not 
occur in any circumstances, there is no tendency for thiosulphate 
to be decomposed in such a manner by alkali, and likewise no 
possibility of interaction of sulphide and sulphate. 

It is to be noted that in the equilibrium (IX) thiosulphuric and 
trithionic acids are of approximately the same strength, whilst 
hydrogen sulphide is much weaker. Alkali therefore shifts this 
equilibrium in favour of thiosulphate, and it is only in feebly 
alkaline solutions that there is any appreciable decomposition into 
sulphide and trithionate, Under more alkaline conditions, sulphide 
and trithionate readily yield thiosulphate, which is thus very 
stable in presence of strong alkali. 

There is a difficulty in connexion with the hydrolysis of trithionates 
which has been pointed out by Foerster and Hornig (Z. anorg. Chm 
1922, 128, 119), Both in weakly alkaline and in weakly acid 
solutions, the hydrolysis of trithionic acid follows a course which 
can be represented by the equation H 2 S 3 0 6 + H 2 0 •—> H 2 S0 4 + 
H 2 S 2 0 3 . This hydrolysis is enormously accelerated by salts of 
copper, silver, and mercury with precipitation of the sulphides of 
these metals. This would be explicable, if the above hydrolysis Is 
reversible, by the disturbance of the equilibrium caused by deoom* 
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position of the thiosulphuric acid brought about by the insolubility 
of the metal sulphides precipitated. Against this view of the matter 
is the fact that the presence of added sulphate does not seem to slow 
down the rate of hydrolysis, whilst the presence of barium salts does 
not appreciably accelerate it, as might have been expected in view 
of the insolubility of barium sulphate. 

The following is a possible way out of the difficulty: Trithionic 
acid is an equilibrium mixture of the two forms 

(a) SH«S0 2 -0-S0 2 -0H =5* 0H-S0 2 *S*S0 2 -0H (6) 

both of which could equally well be formed from thiosulphuric acid 
by elimination of hydrogen sulphide; form (6) seems to be favoured 
by alkaline conditions, which would indicate that it is the more 
acidic of the two—possibly because of its greater symmetry. Under 
ordinary conditions of acidity both forms will be present, (a) pre¬ 
dominating. Equilibrium between the two forms is probably 
established very rapidly. Hydrolysis of form (a) yields, in the 
first instance, hydrogen sulphide and pyrosulphuric acid, and it is 
not surprising that the hydrolysis is greatly accelerated by copper, 
silver, and mercury salts owing to the insolubility of the sulphides 
of these metals. There is, however, no reason why a barium salt 
should accelerate hydrolysis in this direction, for in the equilibria 

+H,0 

E&0* + H 2 0 H 2 S + H 2 S 2 0 7 = H 2 S + 2H a S0 4 

the pyrosulphuric acid would be hydrated nearly as quickly in 
absence of barium as in its presence, since the equilibrium would be 
almost entirely in favour of sulphuric acid except in very acid 
concentrated solutions. For a similar reason, sulphate ions have 
little influence on the rate of hydrolysis. 

The results of Kurtenacker and Kaufmann (.Z . anorg . Chem., 
1925,148,43) and of Foerster and Hornig (foe. tit,, p. 86) show that 
under neutral and acid conditions and in absence of heavy metals 
the hydrolysis of trithionic acid yields chiefly sulphate and thio¬ 
sulphate. In presence of sodium acetate, quantitative agreement 
with the equation H^Og + H 2 0 —H 2 S0 4 + H 2 S 2 0 3 is obtained 
(Foerster, ibid., 1925, 144, 337). It does not necessarily follow, 
however, that this is the primary reaction. 

Kurtenacker and Kaufmann (foe. cit. , p. 369) have shown that in 
strongly alkaline solutions the hydrolysis of trithionate yields no 

sulphate, hut only sulphite and thiosulphate: 2H 2 S 3 0 6 + 3H 2 0 -_^ 

HAOa + 4H 2 S0 3 . We consider the possible mechanism of this 
change on p. 1447. With decreasing alkalinity, sulphate is formed as 
well as sulphite and thiosulphate. In presence of sodium acetate, 
t.e., under practically neutral conditions, sulphate and thiosulphate 
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are formed in equimolecular proportion, as Eoerster showed. 
Rapid hydrolysis of trithionate in strongly acid solution yields more 
than one-third of the original sulphur in the form of sulphate. This 
agrees with the views expressed above, but does not prove that 
they are correct, for the extra sulphate might possibly be derived 
from polythionates formed by the Wackenroder reaction from 
hydrogen sulphide and sulphur dioxide, which arc also formed 
during the hydrolysis. We do not think this is very likely, however 
(Expt. L). 

We believe that trithionate never yields sulphate and thiosulphate 
directly on hydrolysis (which is why neither barium nor sulphate 
ions influence the reaction appreciably). Form (a) yields hydrogen 
sulphide and pyrosulphuric acid only, in the first instance, whilst 
form ( b) is hydrolysed in the manner discussed on p. 1447. This in 
three steps leads to the reaction actually realised in strongly alkaline 
solution: 2H 2 S 3 0 6 + 3H 2 0—>- H 2 S 2 0 3 + 4H 2 S0 3 . Now sulphoxylic 
acid is an intermediate product in the hydrolysis of the (6) form, and 
would react with hydrogen sulphide formed on hydrolysis of form 
(a). If forms (a) and (b) were present in equal proportion and 
hydrolysed at the same rates, we should have the following combin¬ 
ations of reactions: 

(Two steps) H 2 S 3 0 6 + 2H a O = 2H 2 S0 4 + H 2 S 

(Two steps) H 2 S s 0 6 + 2H 2 0 ^ 2H 2 S0 3 + (HO) a S 
HoS + (HO) 2 S = 2S + 2H 2 0 
2H 2 S0 3 + 2S = 2H 2 S 2 0 3 

2[H 2 S 3 0 6 + H 2 0 =* H 2 S0 4 + H 2 S 2 0 3 ] 


This balanced state of the two modes of hydrolysis seems to occur 
in neutral solution. 

It is noteworthy in connexion with the above suggestions that 
hydrogen sulphide is always formed during the acid hydrolysis of 
trithionate, as was noticed by Kessler ( Pogg . Ann.) 1848, 74, 262). 
The fact that it is noticeable more particularly at the very com¬ 
mencement of the action suggests that it is, in the main, a real 
primary product rather than a product of decomposition of the 
thiosulphate. 

Needless to say, and as Eoerster and Homig and Kurtenacker and 
Kaufmann have shown, the other polythionic acids are formed 
during the acid hydrolysis of trithionate as in all acid decompositions 
of sulphur acids, hut these are due to later changes than those now 
being discussed. In Expt. M we record two hydrolytic experiments 
which extend Kurtenacker and Kaufmann’s results. 

Reaction (VIII).—Under most conditions, reaction (VIII) occurs 
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to the largest extent. It involves a perfectly definite equilibrium, 
such that in alkaline solution the thiosulphate is very stable. On 
this account, thiosulphate is readily formed by boiling alkaline 
sulphite solutions with sulphur. Nevertheless, even in the alkaline 
solutions there may be a perfectly definite although very small dis¬ 
sociation into sulphite and sulphur. If alkaline thiosulphate solu¬ 
tions cont aining alkali sulphide are boiled in absence of air, they 
become deep yellow owing to formation of polysulphide, the extra 
sulphur for which is obtained from the thiosulphate. A similar 
result is obt ain ed by boiling an alkaline thiosulphate solution with 
sodium formaldehydesulphoxylate. The yellow solution obtained 
gives an immediate precipitate of lead sulphide with lead plumbite. 
This is rather an elegant method of showing that sulphide is formed 
on alkaline hydrolysis of sulphoxylate (compare p. 1403). 

The equilibrium between sulphide and thiosulphate may bo 
written Na 2 S + Na 2 S 2 0 3 " Na 2 S 2 + Na 2 S0 3 , although higher poly¬ 
sulphides might result as well. Such a reaction does not necessarily 
involve any dissociation of thiosulphates into sulphite and sulphur. 
There can be little doubt that it is because of such equilibria that a 
trace of hydrogen sulphide greatly accelerates the reaction between 
sodium sulphite and sulphur. We have found that sometimes there 
is a long delay before sulphur begins to dissolve in boiling sodium 
sulphite solution, and in such cases the effect of passing a few 
hubbies of hydrogen sulphide into the solution is very marked; 
once the reaction has commenced it proceeds smoothly. The 
catalytic action of sulphide has been referred to recently by Watson 
and Rajagopalan (J. Indian Inst. Sci., 1925, 8, A, 275), and had 
been previously noted by Hargreaves and Dunningham (/. Soc. 
Chem . Ind., 1923, 42, 147t). Alkali also catalyses the reaction 
owing to the production of sulphide by hydrolysis of the sulphur. 
It must be supposed that sodium sulphide or hydrogen sulphide is 
more efficient in detaching atoms of sulphur from solid sulphur than 
is sodium sulphite. 

Holleman {Etc. trav. chim.> 1895, 14, 71) considered that the 
decomposition of thiosulphuric acid into sulphur and sulphurous 
acid followed a ummolecular course, although he recognised that 
the figures with which he supported this view indicated some 
complication. He does not seem to have considered the possibility 
of a bimolecular reaction, although his figures give better values for 
such a reaction. 

His method was to determine by an iodine titration the amount 
of decomposition which had occurred in sodium thiosulphate 
solutions of different concentrations one minute after mixing with 
the equivalent amount of hydrochloric acid. His three experiments 
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are given below, with the values of k calculated for uni- and bi- 
molecular reactions. 


Mixture used. hmu fc b i. 

Jtf-Na 2 S 2 03 added to 2ikf-HCl . 0*437 M24 

Af/2-Na a S a O s added to M -HOI . 0*268 1*209 

Jtf/5-MTadded to 2Af/6-HCI. 0*068 0*717 


The correct values for k cannot be calculated from Hollemams 
data. He assumed, erroneously, that when decomposition was 
complete the final value of the iodine titre would be twice the initial 
titre, and on this basis he calculated the concentration of thiosulphate 
left after one minute. The true values are less than those used in 
the above calculations, for, owing to polythionate formation, thio¬ 
sulphate disappears more quickly than is indicated by the increase 
in the iodine titre. We find that, instead of increasing to double the 
original titre, the final titre may be only 20—80% greater. 

As it is now generally accepted that unimolecular reactions are 
very uncommon (see, e.g., Hinshelwood and Topley, J,, 1924, 125, 
393), we have examined the kinetics of the decomposition of thio- 
sulphuric acid more fully. The method used was to titrate acidified 
solutions after different intervals of time with standard iodine 
solution, continuing until the iodine titre reached a maximum value 
and became approximately constant or even decreased. 

It is evident from the figures quoted (Expt. N) that the maximum 
value of the iodine titre is smallest for the most dilute solutions, and 
tends to increase both with increasing concentration of thiosulphate 
and with increasing acidity. Even in the most acid solution 
examined, the maximum titre was only 75% greater than the 
initial. If thiosulphuric acid decomposed only according to reaction 
(VIII), the iodine titre would eventually become doubled; if the 
decomposition was entirely according to reaction (IX), the titre 
would remain unaltered. If both modes of decomposition occur 
together, then reactions (116) and (16) follow as a matter of course, 
and, provided reactions (VIII) and (IX) occur in the right propor¬ 
tion, the iodine titre might fall to zero. 

The greater part of the sulphurous acid formed in reaction (VIII) 
becomes either pyrosulphurous acid or sulphur dioxide and, when 
extended to inelude these changes, reaction (VIII) corresponds to a 
greater decrease of acidity than does reaction (IX). It follows that 
the more acid the conditions under which thiosulphuric acid decom¬ 
poses, the more may reaction (VIII) be expected to predominate as 
compared with reaction (IX) (compare pp. 1430—31). The increase 
in the maximum iodine titration with increasing acidity, in the 
experiments under consideration, seems to be mainly due to such 
an increase in the relative importance of reaction (VIII). 
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The reason for tlie existence of a maximum iodine titre at all must 
be considered. From the experiments quoted, it will be seen that it 
is practically only in the cases where acid and thiosulphate are 
mixed in equivalent amounts that well-marked maxima exist* 
Moreover, in these cases the maxima occur at a very early stage of 
the reaction. In experiments where excess of acid was used, the 
iodine titre slowly approached a limiting value, and if it subsequently 
diminished at all it did so very slowly. In those cases where thio¬ 
sulphate and acid were mixed in equivalent amounts, the acidity 
of the mixed solution at the commencement may be considered as 
being due entirely to thiosulphuric acid, which is a strong acid. As 
decomposition proceeds, according to reactions (VIII) and (IX), 
supplemented by reactions (116) and (16), a considerable decrease of 
acidity occurs. Because of this diminution in the acidity of the 
solution, reaction (IX) tends to increase relatively to reaction (VIII) 
as the decomposition proceeds, and this could account for the experi¬ 
mentally observed maximum iodine titre, for not only does reaction 
(IX) itself cause no increase in the original titre, but, in consequence 
of reactions (116) and (16), it will lead to the destruction of some of 
the accumulated sulphurous acid and so cause a decrease in the 
iodine titre. 

Even in very weakly acid solutions, reactions (116) and (16) in 
conjunction seem to occur with great rapidity owing to the consider¬ 
able decrease in acidity which they produce, and in all but the 
weakest and least acid solutions we may safely assume that none 
of the iodine reduction is due to either hydrogen sulphide or sulph- 
oxylic acid. It is because of the rapidity of these reactions that 
hydrogen sulphide cannot be detected by means of lead salts (Hollo¬ 
man, loc. ciL) or even silver salts in acidified thiosulphate solutions, 
but it can, in favourable circumstances (Expt. H), be detected in 
the vapours given off from such solutions on boiling, owing to the 
fact that hydrogen sulphide and sulphur dioxide can coexist in 
presence of water vapour and need liquid water for interaction to 
occur (Matthews, loc . cit.). 

It will be found that the combination of reactions (VIII) and (IX) 
with (116) and (16) * just sufficient to remove all the hydrogen sulphide 
formed by reaction (IX) yields the summation equation 


10H 2 SA —> 4H&0« + 4S 2 + 6H 2 0, 

8 mols. of thiosulphuric acid having decomposed according to 
reaction (IX), and 2 mols. according to reaction (VIII). Now it is 
clear that, for any increase at all to occur in the iodine titre of the 


Timid that H 2 S 2 0 5 is formed from 2H 2 S0 3 by loss of water 
white HO-S-O-S-OH yields 2S(0E) s by addition of water, * 
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decomposing thiosulphate solution, an additional 10 mols., at least, 
of thiosulphuric acid must decompose according to reaction (VIII) 
in the early stages of the decomposition. The 20 mols. of thio¬ 
sulphuric acid would require 20 atoms of iodine for oxidation to 
tetrathionate. If, however, 10 decomposed as in the above 
equation, the products would not react with iodine, but the 
10 mols. of sulphurous acid formed by the remaining 10 mols. of 
thiosulphuric acid would require 20 atoms of iodine for oxidation 
to sulphate. It would appear that in all the cases we have studied, 
more than 50% of the decomposition took place in accordance with 
reaction (VIII), and usually a much larger proportion. 

It is evident that if the sulphoxylic acid formed by reaction (116) 
did persist at all, it would have a large effect on the iodine titre, since 
1 mol, of sulphoxylic acid requires 4 atoms of iodine to oxidise it to 
sulphuric acid. It would be possible for a maximum in the iodine 
titre to arise, quite apart from any change in the relative propor¬ 
tions in which reactions (VIII) and (IX) took place, from an accumul¬ 
ation of sulphoxylic acid in the early stages of the decomposition of 
thiosulphuric acid, followed by its destruction by interaction with 
hydrogen sulphide at a later stage. This is unlikely to occur 
except in dilute and weakly acid solutions, but we have satisfied 
ourselves that even in solution (c) (see Table V) no sulphoxylio acid 
can be detected. This solution was found to behave exactly like 
thiosulphate towards methylene-blue (see p. 1435), whilst with 
ammoniacal silver nitrate it gave no metallic silver, as would sul¬ 
phoxylic acid, but after many hours’ standing it gave an amount of 
silver sulphide whioh more or less corresponded to the thiosulphate 
left undecomposed at the moment of adding the ammoniacal silver 
nitrate. 

During the early stages of the decomposition of thiosulphuric 
acid, a certain proportion of tetra- and penta-thionic acids will have 
been formed in many cases owing to reactions (XlVa) and (XVa)— 
and perhaps (Xlla) and (XHIa). Towards the end of the decom¬ 
position, the higher polythionates will have become less stable owing 
to the general decrease of acidity (see p. 1448), and reactions (XIV6) 
and (XV6) will tend to take place. Decomposition of the thio¬ 
sulphuric acid so produced would occur in accordance with reaction 
(IX), whilst the hydrogen sulphide formed would cause further 
destruction of sulphurous acid. It is probable that some of the very 
slow decrease in the iodine titre at the end of the decomposition is 
to be accounted for in this way. 

Moreover, from the fact that more sulphate was formed in the 
latest stages of the (b) experiment (see Table V) than corresponds to 
the iodine titration, it would seem that slow hydrolysis of trithionate 
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under the influence of sulphurous acid sets in after an hour or 
less. 

It is evident from the preceding discussion that, in those cases 
where a well-marked maximum occurs, decomposition of the thio¬ 
sulphate will probably not be complete when this maximum is 
reached. The amount of thiosulphate still undecomposed is readily 
obtained by determining the sulphate present after the iodine 
titration, assuming that sulphurous and thiosulphuric acids had been 
the only substances present which reacted with iodine. This 
determination was made in a number of cases, the titrated solution 
being heated just to boiling immediately before adding the barium 
Chloride. No appreciable hydrolysis of polythionates occurs under 
these conditions. The amounts of thiosulphate decomposed at 
earlier stages [as in the fourth columns of Table V, (a), (6), and (c) | 
were calculated from the values so found for the maxima, on the 
assumption that they were proportional to the iodine titre. Using 
these figures, the bimolecular velocity coefficients were calculated 
and surprisingly good values were obtained. 

In the case of experiments (a) and (6), the sulphate estimation 
was made in each case after the iodine titration. The tables show 
that the rate of decomposition of thiosulphate, under the conditions 
of these experiments, increases very rapidly with increase in con¬ 
centration of thiosulphate. In the very early stages of the decom¬ 
position the amount transformed in a given time is roughly pro¬ 
portional to the square of the thiosulphate concentrations, whilst 
the time taken to complete a certain fraction of the decomposition 
is, to a rough approximation, inversely proportional to the initial 
concentration of thiosulphate. 

In those experiments where excess of hydrochloric acid was used, 
the influence of thiosulphate concentration was of the character 
just stated for a considerable proportion of the reaction, but where 
acid and thiosulphate were used in equivalent amounts, the figures 
show that during most of the decomposition the weaker solutions 
were decomposing at a greater rate than would be expected from the 
concentration, and this becomes more obvious as the decomposition 
proceeds. 

It is probable that as reaction (IX) increases relatively to reaction 
(VHI) in the dilute, weakly acid solutions, the increased extent to 
which reactions (116) and (16) occur will have an appreciable 
accelerating effect on both reactions (VIII) and (IX), so that, as a 
vAole, the decomposition of thiosulphate proceeds at a relatively 
^iaaaced rate. J 

all the results summarised in Expt. N and discussed above 
are considered critically, they indicate that the decomposition of 
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thiosulphuric acid follows a bimolecular course over a considerable 
range. Some caution must, of course, be used in interpreting the 
results of reaction-velocity determinations with such complex 
systems as that under discussion. 

It is admitted that the decomposition of thiosulphuric acid is a 
mixed reaction and due to two simultaneous primary changes 
(VIII) and (IX), but as, under the conditions studied, the change 
into sulphurous acid and sulphur represented 50—75% of the whole 
decomposition, such good agreement with the bimolecular formula 
could scarcely be obtained unless this change were bimolecular. In 
fact, the results support the view that both primary reactions are 
bimolecular. Reaction (VIII) must therefore be represented by 
the equation 2H 2 S 2 0 3 ^ 2H 2 S0 3 + S 2 . This seems to show that the 
sulphur unit concerned (we hesitate to call it a molecule) is S 2 , and 
may explain why hydrogen sulphide catalyses the reaction between 
sodium sulphite and solid sulphur. Since hydrogen sulphide can 
combine with S 2 to form hydrogen trisulphide, whilst sodium sulphite 
can only combine with one atom of sulphur, 1 mol. of hydrogen 
sulphide could detach the S 2 unit from solid sulphur, whereas 2 mols. 
of sodium sulphite would have to co-operate. Since hydrogen 
disulphide also exists, the trisulphide could pass on its extra sulphur 
to sodium sulphite in two steps : 


H 2 S 3 + Na 2 S0 3 - Na 2 S 2 0 3 + H 2 S 2 
H 2 S 2 + Na 2 S0 3 = Na 2 S 2 0 3 + H 2 S. 


It may he pointed out that our reaction (I) for the hydrolysis of 
sulphur suggests that sulphur acts as though composed of S 2 units. 


The XS 


ro 

0 


,0 


ion of the thiosulphates is very stable, having a 


very small tendency to drop the second sulphur atom and become 


O Ol" 

qS . In dilute solutions of thiosulphuric acid which, do not 

contain another acid, this should still be true. It is probably not 
until the hydrogen ions become attached to the S 2 0 3 " ion by 
covalencies instead of electrovalencies that rapid decomposition of 
thiosulphuric acid begins. This occurs the more readily the greater 
the thiosulphate and hydrogen-ion concentrations. Dilute acid 
solutions should therefore contain unaltered thiosulphuric acid and 
its ions for some time. Now one of the most marked characteristics 
of the S 2 0 3 " ion is that it can be readily oxidised to the S 4 0 6 " ion. 
The great majority of oxidising agents which are not too violent 
actually oxidise thiosulphate to tetrathionate, but it is not commonly 
realised what a powerful reducing agent thiosulphate is. Spring 
[Bull. Acad, toy . Belg., 1881, (iii), 1, 106; op. cii,, VoL II, p, 1109] 
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found that freshly acidified solutions of thiosulphate bleached 
indigo, and he attributed this to the presence of hydrosulphurous 
acid. There can be little doubt, however, that the bleaching is due 
to ihiosulphuric acid, for we find that under suitable conditions 
either weakly or strongly acidified solutions of thiosulphate can be 
titrated quantitatively to tetrathionate, either with indigo or, much 
more conveniently, with methylene-blue. The reaction is bimole- 
cular and is greatly accelerated by hydrogen ions. Litmus and 
methyl-orange are also reduced by the acidified thiosulphate 
solutions. 

Gil and Beato (Anal Fis . Quim ., 1924,22,84) found that if sodium 
thiosulphate was added to concentrated hydrochloric acid, pure 
sodium chloride was precipitated, whilst the separated solution 
remained perfectly clear, without any deposition of sulphur, for 
many hours. They concluded that thiosulphuric acid became more 
stable the greater the acidity of the solution. This view in its simple 
form is contrary both to experience and to the principle of Le 
Chatelier. Were it true, then thiosulphate would become less stable 
in alkaline solution, which is not the case, whilst there can be no 
question that at low acidities thiosulphate decomposes the more 
quickly the greater the acidity. 

The non-appearance of sulphur does not show that no decom¬ 
position of thiosulphuric acid has occurred, Holleman (loc. cit.) 
showed that decomposition began as soon as thiosulphuric acid was 
liberated from its salts, even although no sulphur had separated. 
He considered that this was due to the sulphur liberated by reaction 
(VIII) remaining in colloidal solution, because an acidified thio¬ 
sulphate solution, if neutralised before the time when separation of 
sulphur occurred normally, still deposited sulphur. On repeating 
his experiments, we confirmed these results, but we did not observe 
this separation of sulphur on neutralisation in all circumstances if 
the thiosulphate solutions were much weaker than those used by 
Holleman (see p. 1433). , 

When the time taken for the sulphur to become visible (compare 
Gaillard , C<mpi. rmd., 1905, 140, 652; Oettingen, Z. phytikal 
Ghem 1900, 33,1) is noted for solutions of increasing acidity, it is 
found to pass through a minimum, and with very high acidities no 
sulphur separates until after many hours,* as in Gil and Beato’s 
experiment. The minimum, occurs in solutions which are approxim¬ 
ately N in hydrogen-ion concentration, no matter what the 
thiosulphate concentration, as is well shown in Big. 1; phosphoric 
acid has a similar effect to hydrochloric acid when allowance is 
made for its much lower hydrogen-ion concentration (Expt. O)* 

The delay in the separation of sulphur at high acidities is easily 
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explained on the basis of our theory of the decomposition of thio- 
sulphuric acid. It is not due to strong hydrochloric acid retarding 
the change HS 2 0 3 '—>-HS0 3 ' + S, as supposed by Foerster and Vogel 

Fig. 1. 



{loo, c it, p.183). Both reactions (VIII) and (IX) are accelerated by 
acid, the former more so than the latter, owing to the fact that the 
greater part of the sulphurous acid becomes sulphur dioxiWe. Re¬ 
action (VIII), when extended to include the 
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dioxide, corresponds to a greater decrease of acidity than does 
reaction (IX), hence the preferential influence of hydrogen ions on 
(VIII). The experiments we have already quoted (Expt. N) bear 
out the correctness of this deduction. 

The simultaneous occurrence of reactions (VIII) and (IX) brings 
in reactions (116) and (16) which are also favoured by acid. Tetra- 
and penta-thionic acids are formed from trithionic acid either by 
direct addition of sulphur, 

H 2 S 3 0 6 + S-H 2 S 4 0 6 (2HA0 6 + S a ^2H 2 S 4 0 6 ). . (XII) 
H 2 S 4 O e + S = H 2 S 5 0 6 (2H 2 S 4 0 6 + S 2 ^ 2H 2 S 5 0 6 ) . . (XIII) 

or by interaction with thiosulphuric acid, 

h 2 s 3 o 6 + h 2 s 2 o 3 -h 2 s 4 o 6 + h 2 so 3 . . . (XIV) 
h 2 s 4 o 6 + h 2 s 2 o 3 ^h 2 s 5 o 6 + h 2 so 3 . . . (XV) 

and all these reactions are favoured by acidity (see p. 1448). The 
occurrence of these last four reactions represents, in the aggregate, 
a large decrease of hydrogen-ion concentration and so is greatly 
favoured by acidity. The more they occur the less the extent to 
which reaction (Villa) can occur, but this effect on the decom¬ 
position of thiosulphuric acid as a whole does not become apparent 
until a reasonable amount of trithionic acid has been formed by 
reaction (IX). 

That the effect is real is readily shown by acidifying under similar 
conditions pure thiosulphate or a mixture of thiosulphate with tri¬ 
or tetra-thionate. The mixtures take much longer than the pure 
thiosulphate to give a deposit of sulphur (Expt. P). 

We are inclined to think that reactions (XIV) and (XV) are much 
more important than reactions (XII) and (XIII) for building up the 
polythionates. We could obtain no certain proof that colloidal 
sulphur, prepared by Svedberg’s method (Z. Ohm. Ind . 1Koll t 1909, 
4, 49), was absorbed at all by trithionic acid, but sulphur liberated 
in presence of trithionic acid, by the interaction of hydrogen sulphide 
and iodine, was readily taken up to form tetrathionate. No satis¬ 
factory conversion of tetrathionate into pentathionate could be 
obtained by this method (Expt. Q), A solution of sulphur in benzene 
seemed to have no action on either trithionate or tetrathionate. 

Increase in hydrogen-ion concentration thus tends, on the one 
hand, to diminish the time required for the separation of sulphur 
in solar as it accelerates reaction (Villa), but, on the other hand, it 
lengthens the time required by favouring all the opposing reactions 
mmiMoned : above. In such, circumstances, the occurrence of a 
minimum time of appearance of sulphur at a fair{y definite acidity 
is only to be expected. J 
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All the reactions occurring in the acidified thiosulphate proceed 
with a diminution of acidity. They gradually become slower as 
the limiting concentrations of the several polythionic acids charac¬ 
teristic of the prevailing hydrogen-ion concentration are approached 
(see p. 1448). Since the hydrogen-ion concentration gradually 
diminishes, the system is never fully stable—readjustments are 
continually necessary which ultimately lead to the decomposition 
of the polythionic acids with separation of sulphur. 

It is here appropriate to consider the marked influence of arsenious 
oxide in preventing separation of sulphur and promoting the 
formation of pentathionic acid from thiosulphate. This phenomenon 
was discovered by Salzer (Ber., 1886,19, 1696) and has been applied 
by Raschig (Z . angew. Ghem., 1920, 33, 260). It is known that 
sulphur oxidises arsenite to oxythioarsenate, and no doubt Salzer 
was right in thinking that the latter played an important part in 
the reaction. The oxythioarsenate would act in two ways. (1) 
Owing to its ready formation, it would prevent separation of sulphur 
from thiosulphuric acid by reaction (VIII). This would probably 
be due to the direct reaction H 2 S 2 0 3 + H 3 As0 3 ^ H 2 S0 3 + H 3 As0 3 S 
(assuming that H 3 As0 3 S is the only oxythioarsenate involved). 
The oxythioarsenate would yield its sulphur to trithionic acid, formed 
in the normal way by reaction (IX), to give tetra- and penta-thionic 
acids in two stages : H 2 S 3 0 G H- H 3 As0 3 S ~ H 2 S 4 O 0 + H 3 As0 3 , 
H 2 S 4 0 6 + H 3 As0 3 S ;=£ H 2 S 5 0 6 + H 3 As0 8 . (2) It could also take 
up any sulphur f ound by reactions (II) and (I) and pass it on as above: 
H 3 As0 3 + S ^ H 3 As0 3 S (or 2H 3 As0 3 + S 2 2H 3 As0 3 S). 

Under favourable conditions, complete conversion of thiosulphate 
into pentathionate is theoretically possible with the help of small 
quantities of arsenious oxide, and very good yields are actually 
obtainable. It will be observed that the arsenious acid is really a 
vehicle for the handing on of sulphur to trithionic acid just as is 
sulphurous acid, the oxythioarsenic acid playing the same role in 
the one case as thiosulphuric acid in the other. There is also a 
superficial resemblance between the action of arsenious acid and of 
strong hydrochloric acid in preventing separation of sulphur. The 
reasons for the two actions are different, however, although both 
depend on the introduction or acceleration of reactions which use 
up sulphur more quickly than it is produced by reaction (VIII). 

If dilute thiosulphate solutions are treated with less acid than 
corresponds to the minima in the curves of Fig. X and then quickly 
neutralised before sulphur becomes visible, separation of sulphur 
may be entirely prevented if the addition of alkali has been made an 
appreciable time before precipitation would normally ooour. If, 
however, the alkali is added very shortly before separation of sulphur 



1434 


BASSETT AND DtTEBANT : 

would occur normally, its addition causes immediate separation of 
sulphur, and in such cases either alkali or lanthanum nitrate will 
produce a precipitate. Solutions to the right of the minima still give 
the reactions for colloidal sulphur with separation of sulphur on 
addition of alkali or lanthanum nitrate, but we believe that they also 
contain pentathionate (although this is difficult to prove), the pro¬ 
portion of pentathionate increasing with acidity and timo and that 
of coEoidal sulphur diminishing (Expt. &). 

It is not possible to supply the neutralisation test to the very acidic 
mixtures, for if the whole amount of concentrated alkali needed for 
neutralisation is added suddenly, the heat liberated causes complic¬ 
ations, whilst if neutralisation is effected slowly, one passes into the 
less acid regions, where sulphur separates rapidly. Neutralisation 
of such solutions is therefore incapable of throwing light on the 
conditions prevailing therein at the stage prior to separation of 
sulphur. 

Reaction (X).—In the very acid solutions, not only is reaction 
(V TTT ) delayed, but so also is the formation of pentathionate, and in 
fact thiosulphurio acid seems to have become more stable, as Gil 
and Beato suggested. The peculiar facts can be satisfactorily 
accounted for in terms of a reaction 

2H 2 S 2 0 3 tz H 2 0 + H 2 S 4 0 6 . . . . . (X) 

It is obvious that such a reaction is theoretically possible, and it 
is to be noted that it would be extremely effective as a means of 
removing hydrogen ions. It is reasonable, therefore, to suppose 
that it may occur in very acid solution, but it may well occur to 
some extent under much less acid conditions, although in such 
circumstances the active mass of water will usually be so great that 
it could not proceed very far. It may be noted in this connexion 
that we have found that a strong zinc chloride solution will greatly 
delay the separation of sulphur from acidified thiosulphate. In one 
experiment, sulphur appeared after 6 minutes when zinc chloride 
was used, but after 35 seconds when the zinc chloride solution was 
replaced by an equal volume of water. The effect of zinc chloride 
is thus quite marked, but, as it only depends on a dehydrating 
action, it is naturally much less than the effect produced by strong 
hydrochloric acid, which depends on a hydrogen-ion action as well. 

There is no reason why H^Og should not be much more stable 
towards loss of sulphur or of hydrogen sulphide than is the simple 
thiosulphuric add—-in fact we think it likely that it would be. As 
regard© the direct loss of sulphur, it might be argued that, if we are 
right is supposing that in the case of thiosulphurio acid this occurs 
i& meh a way as to eliminate an S 2 unit: 2H 2 S 2 0 3 2H 2 S0 3 -f S 2 , 
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then it should occur still more readily from H 2 S 4 0 5 , where the 
thiosulphate molecules have already been brought together. But 
when the known weakness of the second-stage ionisation of sulphur¬ 
ous acid is considered in conjunction with the known tendency for 
sulphur to become co-ordinated with four atoms or groups, there 
are good reasons for thinking that the direct loss of sulphur by 
thiosulphuric acid is largely due to the fact that a hydrogen atom is 
able to take the place of the escaping sulphur atom. 

If this is correct, the decomposition of thiosulphuric acid accord¬ 
ing to reaction (VIII) is to be regarded as giving rise to sulphur and 
sulphonic acid, not sulphurous acid : 

2 H,[0 S O] = 2H [0 S 0] + Sj . 

This would be another reason for the great stability of the alkali- 
metal thiosulphates in neutral or alkaline solution, for the alkali- 
metal atoms cannot become co-ordinated in the same way as a 
hydrogen atom—their valencies are always electro valencies. 

In view of the fact that H 2 S 2 0 5 , pyrosulphurous acid, is a strong 
acid, there would not be the same possibility of hydrogen taking the 
place of sulphur in the manner just indicated were H 2 S 4 0 5 to shed 
an S 2 unit. H 2 S 4 0 5 may therefore be expected to bo very stable 
towards direct loss of sulphur, but in other directions it would react 
very much like thiosulphuric acid. This appears to be the case in 
its behaviour towards oxidising agents. Thiosulphate solutions 
which have been treated with a large excess of concentrated hydro¬ 
chloric acid (Gil and Beat o's solution) still reduce iodine. Titration 
with iodine at known intervals of time, in conjunction with subse¬ 
quent determination of the sulphate present in the oxidised solution, 
has shown that thiosulphate (actually H 2 S 4 0 6 , according to us) 
persists for a surprising length of time—much longer than in the 
case of less strongly acidified solutions (compare Expt. N). Even 
after 2 hours nearly 30% remained undecomposed (Expt. S). 

The strongly acid thiosulphate solutions also exert a strong 
bleaching action on indigo, methylene-bluo, litmus, and methyl- 
orange, and we find that they can be titrated smoothly and rapidly 
with methylene-blue (indigo can be used, but is not so satisfactory, 
as it reacts more slowly). 

The amount of methylene-blue which is bleached is in close 
agreement with that required by the reaction 

C 16 H 18 N 3 SC1 + h 2 s 4 o 5 + h 2 o - c 16 h 19 n 3 s + h 2 s 4 0* + sea, 

(methylene-blue) (leuco -methylene-blue) 

or more probably (see Expt. T) 

C ie H 18 N 3 SCl + SA" + 35 C 16 H 18 N 3 S,HC1 4- SA". : 
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The rate at which the methylene-blue is bleached is very greatly 
increased by rise of temperature. The strongly acidic bleached 
solutions are comparatively stable towards atmospheric oxidation, 
but the blue colour is at once restored by a drop or two of strong 
nitric acid, by hydrogen peroxide, or even by silver nitrate or silver 
acetate. This behaviour towards silver has prevented us from 
carrying out any direct estimation of the tetrathionate formed in 
the reaction between thiosulphate and methylene-blue. We have, 
however, isolated the Ze^o-methylene-blue formed in the reaction 
(Expt. T). 

The only alternative explanation of the quantitative relationships 
between methylene-blue and thiosulphate found experimentally 
would seem to be that a colourless addition compound is formed 
between one molecule of methylene-blue and one of H 2 S 4 0 6 (or 
two molecules of H 2 S 2 0 3 ). Such an explanation appears to be com¬ 
pletely ruled out by the fact that the bleached solutions remain 
colourless under the following treatments: (1) Dilution with air- 
free water; (2) boiling in absence of air; (3) cautious treatment with 
hydrogen sulphide or sulphur dioxide, which react with and destroy 
thiosulphate; (4) addition of formaldehyde, which forms trithio- 
formaldehyde with thiosulphuric acid; or (5) long boiling with 
5jV-hydrochloric acid in absence of air—a complex containing 
thiosulphuric acid could scarcely remain undecomposed by such 
treatment. Lastly, it may be mentioned that the action of 
methylene-blue in preventing the separation of sulphur, which is 
dealt with in the next paragraph, would be difficult to account for 
on any other basis than tetrathionate formation. 

Even in comparatively weakly acid solutions (of iV'-hydrogen-ion 
concentration, or even less) thiosulphate can be titrated with 
methylene-blue, apparently with the same end results as iu very 
acid solutions. If the methylene-blue is added as fast as it is 
decolorised, no separation of sulphur occurs. This is owing to 
conversion of tetrathionate into pentathionate according to re¬ 
action (XVa) (compare Expt. P); but as thiosulphate is oxidised to 
tetrathionate, more is formed from pentathionate by reaction (XV6). 
As a consequence of this, almost complete conversion of thiosulphate 
into tetrathionate by methylene-blue is possible if sufficient time is 
taken and sulphur dioxide is not allowed to escape. Whether, in 
such ^weakly acid solutions, the reaction involves H 2 S 4 0 5 must 
remain undecided. It may occur in two steps, first the form- 
atimrof an addition compound H 2 S 2 0 3 -methylene-blue, and then 

the^ interaction of this with a second molecule of thiosulphuric 
acict. 

It w very probable that the reaction between thiosulphate and 
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iodine is of this character and actually bimoleeular. It is generally 
represented as being termolecular : 

2Na 2 S 2 0 3 + Ig —> m 2 S 4 0 6 + 2HI (or 2S 2 0 3 " +1 2 —> S 4 0 6 " + 21'). 

In view of the rapidity with which it occurs, it cannot really be 
termolecular, but it could well occur in two stages, the first involving 
formation of Na 2 S 2 0 3J I 2 or S 2 0 3 ,I 2 ", and the second the reaction 
of this compound with a second thiosulphate molecule or ion. The 
iodine and methylene-blue would probably become attached to the 
outer sulphur atom of the S 2 0 3 group, just as sulphur dioxide does in 
the yellow compounds, Rb 2 S 2 0 3 ,S0 2 , etc. 

Some determinations of the time required to bleach a constant 
amount of methylene-blue with varying concentrations of sodium 
thiosulphate, taken in excess, and of hydrochloric acid are in agree¬ 
ment with what we consider to be the mechanism of the reduction 
(Expt. U). 

It is likely that the H 2 S 4 0 6 (or S 4 0 6 ") which acts on the 
methylene-blue results from the two reactions 2IT + 2S 2 0 3 " zz 
2HS 2 0 3 ' and 2HS 2 0 3 ' zz S 4 0 5 " + H 2 0, which are equivalent to 
2H* + 2S 2 0 3 " ^ S 4 0 5 " + H 2 0. The rate of bleaching of methylene- 
blue, dx/dt , would then be given by the expression dx/dt = k' 
[methylene-blue] [S 4 0 5 "] = k [methylene-blue] [S 2 0 3 "] 2 [H*] 2 . 

In other words, the rate of bleaching should be proportional to 
the square of the S 2 0 3 " ion concentration, which, in dilute solutions, 
would be approximately equal to the thiosulphate concentration. 
If, then, in the solution under investigation, very little of the total 
thiosulphate was in the form of S 4 0 5 ", we should expect to find the 
rate of bleaching proportional to the square of the total thiosulphate 
concentration and also to the square of the hydrogen-ion concen¬ 
tration; but if practically all the thiosulphate were present as 
H 2 S 4 0 6 (or S 4 0 5 "), this would no longer be true, and the rate of 
bleaching would be directly proportional to the first power of the 
thiosulphate concentration (since the H 2 S 4 0 5 concentration would 
be simply half of this), and practically independent of the hydrogen- 
ion concentration. Intermediate results between these two ex¬ 
tremes would correspond to the case where some thiosulphate was 
present as such and some as H 2 S£0 6 . 

From the results of Expt. U (Table VII), it is seen that, in the 
solutions of lowest acidity and lowest thiosulphate concentration, 
the times taken to bleach the constant amount of methylene-blue 
become closely proportional to the square of the (total) thiosulphate 
concentration, With the higher concentrations both of aoid and 
of thiosulphate, the times of bleaching are intermediate between 
those required by a first-power and by a second-power effect of the 
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thiosulphate. In all solutions less than 2-3 N with respect to 
hydrogen chloride, the rate of bleaching is approximately proportional 
to the total acid concentration, and therefore, in all probability, 
to the hydrogen-ion concentration. 4*75jV-Acid has no more 
effect than 2*3#, i.e., above 2*3 N the reaction seems to become 
independent of hydrogen-ion concentration. 9'5A-Acid is found 
actually to delay the bleaching as compared with acid of half its 
strength. This effect has probably nothing to do with hydrogen 
ions, but may well depend upon such factors as increased viscosity. 
Rough measurements of the viscosities of ION- and 5iV-hydrochloric 
acid show that these are in the ratio of 146, whereas the correspond¬ 
ing ratio for 5IV- and N -acid is 1*15, showing that a marked increase 
of viscosity occurs above 5 N, That the acid acts according to 
approximately the first power of its concentration might be regarded 
as indicating an ordinary catalytic effect, but we prefer to consider 
that this is due to the fact that, in so far as thiosulphate is present 
as such, the bleaching reaction depends on the square of the 
acidity, but in so far as it is present as S 4 0 5 ^, the bleaching is 
independent of the acidity, where we have no means of measuring 
S 4 0 5 " and S 2 0 3 " separately and have to express ourselves in terms 
of total thiosulphate. 

It must be pointed out that even in the least acidic mixtures the 
concentration of acid was about 50 times that of the thiosulphate. 
We consider that the close agreement between these experimental 
results and the deductions made above furnishes evidence in favour 
of the real existence of the compound H 2 S 4 0 5 , and it would seem 
that under the conditions of the experiments at least half the total 
thiosulphate was present as H 2 S 4 0 5 . 

In view of the fact that hydrogen sulphide reduces methylene- 
blue, one could explain the kinetic results obtained in the weaker 
and less acid solutions on the basis of such reduction, the hydrogen 
* sulphide being derived from reaction (IX); for it will he found 
that the rate of reduction in this case would be given by the 
expression 

A da# ==&'[methylene-blue][H 2 S] = h [methylene-blue][S 2 0 3 "] 2 [H # ] 2 

; which is of the same form as that obtained above. 

To explain the kinetic results obtained in the stronger and more 
acid solutions on this basis, it would be necessary to assume that a 
large proportion of hydrogen sulphide was present, which is cer¬ 
tainly not correct. Moreover, both theory and experiment (see 
p. 1425 and Expt. N) indicate that reaction (IX) tends to pre¬ 
dominate at low acidities, not high ones. It may be concluded* 



THE INTER-RELATIONSHIPS OF THE SULPHUR ACIDS. 1439 

therefore, that the reduction of methylene-blue by acidified thio¬ 
sulphate is not due to hydrogen sulphide. 

Since trithionie acid on hydrolysis can generate thiosulphate, as 
do also tetra- and penta-thionic acids, it is not surprising to find 
that in strongly acid solution trithionie acid, slowly bleaches methyl¬ 
ene-blue. It is possible that in this case some of the reduction is 
due to sulphoxylic acid (see p. 1447). The bleaching of the dye 
took several hundred times longer than in the parallel case with 
thiosulphate. 

It should be noted that the observation that thiosulphuric acid 
can bleach indigo and methylene-blue greatly diminishes the value 
of such bleaching as a test for hydrosulphurous or sulphoxylic acid. 

It is also important to realise that sulphurous acid is not without 
action on methylene-blue (and indigo). The strongest solutions 
(2—3 N) act upon the methylene-blue or indigo in a similar way to 
concentrated hydrochloric acid, and very quickly, removing the blue 
colour and leaving only a pale purple or brown colour. This action, 
which appears to be due to the formation of addition compounds 
of acid and dye, falls off rapidly with dilution of the acid, whether 
this be hydrochloric or sulphurous acid. Even with lON-hydro- 
chloric acid it is only obvious when very little methylene-blue and 
an enormous excess of acid are used. In the case of sulphurous acid, 
it seems to be followed by a definite reducing action on the dye; 
this action is very slow, however, and is under investigation. We 
have satisfied ourselves that this action of strong hydrochloric acid 
or of sulphurous acid does not appreciably affect the results which 
we record in Expts. T and V. 

The formation of tetrathionate from thiosulphate by methylene- 
blue in strongly acid solution furnishes a strong argument against 
the view that thiosulphuric acid can yield sulphoxylic acid according 
to the equation H a S 2 0 3 + H a O ££ 2S(OH) a (see pp* 1405—-0). Since 
sulphoxylic acid would probably be a very weak acid (like hypo- 
chlorous acid), strongly acidic conditions would bo just those likely 
to favour such a change, were it possible. Experiments with sodium 
f ormaldehydesulphoxylate showed that, at the ordinary temperature, 
It bleaches methylene-blue relatively slowly in strongly acid solution, 
with formation of sulphite only (Expt. V). Were the bleaching action 
of the strongly acid thiosulphate solutions due to sulphoxylic acid, 
four times as much methylene-blue should be reduced as is actually 
observed. 

It seems most probable that the acid H^Og is formed by the 
elimination of a molecule of water from two hydroxyl groups, not 
from one hydroxyl and one thiol group (which would probably giye 
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off a molecule of hydrogen sulphide to yield one form of trithionic 
acid). In this case it is to be regarded as having the structure 

h (>8 

h Ls s 0 

If, and when, either of the hydrogen ions ceases to be ionised, it 
can become attached by covalencies to either a sulphur or an oxygen 
atom. Three tautomeric structures are thus possible for the non- 
ionised H 2 S 4 0 5 just as two are possible for non-ionised thiosulphurie 
acid. Systematically H 2 S 4 0 5 might be called dithiopyrosulphuric 
acid. 

Action of Sulphurous Acid and Hydrogen Sulphide on Thiosulphate . 

Sulphurous acid and hydrogen sulphide are two acids which act 
upon thiosulphates in rather special ways, owing to their peculiar 
relationships to thiosulphurie acid and the polythionic acids. 

The action of sulphurous acid is to cause the decomposition of 
thiosulphurie acid to take place much more in accordance with 
equation (IX). This it does partly by preventing reaction (VIII), 
of which it is a product, partly by forming the relatively stable, 
yellow addition compound, H 2 S 2 0 3 ,S0 2 , and partly by removing 
hydrogen sulphide by reacting with it in accordance with equations 
(116) and (16). The sulphur resulting from reactions (116) and (16) 
does not, under favourable conditions, separate as such, but regener¬ 
ates thiosulphate according to reaction (VIII). It is thus possible 
to get practically quantitative conversion of thiosulphate into 
trithionate, e.g., by acting upon a saturated solution of potassium 
thiosulphate with strong sulphurous acid solutions at 30° (Hertlein, 
Z. physikal. Chem 1896, 19, 292). Under ideal conditions the 
reactions which occur could be summarised by an equation such as 
K 2 S 2 O 3 + 4S0 2 + H 2 0 = K 2 S 3 0 6 + H 2 S 3 0 6 . Action does not, of 
course, cease with the formation of trithionate* Continued action 
of sulphurous acid causes hydrolysis of trithionate, and ultimately 
sulphate and sulphur appear ; tetra- and penta-thionate may be 
formed in the intermediate stages. 

An elaborate investigation of the action of sulphurous acid on 
thiosulphate has been made recently by Foerster and Vogel (loc. cit,). 

When hydrogen sulphide is passed into a solution of sodium 
thioeulphate, precipitation of sulphur occurs, slowly at the ordinary 
temperature, but more quickly on warming. This is due to decom¬ 
pose® of thiosulphurie acid displaced by the hydrogen sulphide 
ami to the usual interaction of hydrogen sulphide and sulphurous 
acM (Reactions Villa, H 6 , and 16). On heating, the solution 
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becomes yellow, owing to the formation of polysulphide, and if the 
passage of hydrogen sulphide is discontinued, the whole of the 
precipitated sulphur ultimately dissolves. If the solution is boiled 
for a sufficient time, the yellow colour disappears, and the solution 
is then, as a rule, alkaline to phenolphthalein. If hydrogen sulphide 
is again passed in, more sulphur will be precipitated, and will dis¬ 
solve on heating, and all the above operations can be repeated 
indefinitely. 

During the boiling, all the reactions of decomposition which 
occurred during the passage of hydrogen sulphide are reversed with 
regeneration of thiosulphate, but during this period there is a 
tendency for sodium sulphide and sulphite to produce some free 
alkali owing to hydrolysis. 

The Wackenroder Reaction and the Genesis of the Polythionic Acids . 

If equation (II) is accepted as representing the way in which 
sulphoxylic acid changes into hydrogen sulphide and sulphurous 
acid, it follows with reasonable certainty that the first step in the 
interaction of hydrogen sulphide and sulphur dioxide in the Wacken¬ 
roder reaction is the converse of this change. The first step would 
thus give sulphoxylic acid and its pyro-derivative, which would 
then be hydrolysed to sulphoxylic acid. Interaction of the latter 
with hydrogen sulphide would give rise to sulphur (reaction 16). 
The freshly formed sulphur would be in a very suitable form to react 
with sulphurous acid to produce thiosulphuric acid (reaction VIII), 
which, as has been mentioned already, is relatively stable from the 
point of view of this reaction in dilute, feebly acid solutions. Tri- 
thionate will then be formed from thiosulphuric acid according 
to reaction (IX) (see p. 1417), whilst it is not impossible that some 
trithionate may be formed in two steps from sulphurous acid and 
sulphoxylic acid by a reversal of the reactions considered on p. 1447, 
as has, in fact, been suggested by Poerster and Vogel ( loc . tit), who 
give a reaction SO + 2HSO a ' —* S 3 O 0 " + H 2 0. We found that 
traces of polythionates were formed by shaking sulphurous acid 
with a solution of sulphur in benzene, whilst, by passing sulphur 
dioxide and sulphur vapour simultaneously into water, a solution 
0-32 N with respect to sulphurous acid and about 0-01JV with respect 
to a mixture of tri- and tetra-thionic acids was obtained. 

In the latest paper on the subject (Z< anorg. Ghem 1926,157, 80), 
Poerster and Centner definitely conclude that, in some cases at least, 
trithionate cannot result from degradation of pentathionate, hut 
must be formed directly, They favour a reaction S a 0 3 " -)-4HSO a ' + 
2H*—> 2S 3 O e " + 3H 2 0, which corresponds to that given by us on 
p. 1440, and which can only be a summation equation, 

8o 2 
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If reaction (II) really is the first step in the Wackenroder reaction, 
all the peculiarities of the initial stages of the reaction which were 
noticed by Debus (J., 1888, 53, 336) and Riesenfeld and Feld 
(Z. anorg . Chem., 1921,119,225) can be accounted for just as readily 
as on the basis of the primary reaction H 2 S0 3 + H 2 S ^ H 2 S0 2 + 
HgSO, proposed by Heinze {J. pr. Chem 1919, 99, 109), or of the 
reaction H 2 S + 2H 2 S0 3 ^ 3{SO + H 2 0} suggested by Riesenfeld 
and Feld (Zoc. cit.), or that—H 2 S + H 2 S0 3 — H 2 S 2 0 2 + H 2 0— 
put forward by Foerster and Homig (toe. oil., p. 92). This matter 
has been considered by Foerster and Homig (toe. cit, pp. 87—90), 
and their explanation will suit our reaction as well as either of the 
above. 

Riesenfeld and Feld’s reaction is very similar to our reaction 
(II), since their {SO + H 2 0} is really sulphoxylic acid, but a ter- 
moleeular reaction is much less probable than a bimolecular one. 

No proof that sulphoxylic acid is a primary product of tho 
Wackenroder reaction is available, but it is extremely probable that 
the bleaching of indigo by sulphurous acid solutions freshly treated 
with hydrogen sulphide is, in the main, due to sulphoxylic acid. 
This bleaching effect was first noted by Spring {Bull Acad . roy. Belg., 
1878,45, 605; op. cit, Vol. II, p. 1060), and we have confirmed it, 
but in view of the fact that thiosulphurie acid also bleaches indigo, 
methylene-blue, etc., such bleaching can only be regarded as a very 
uncertain test for either hydrosulphurous or sulphoxylic acid 
(seep. 1435). 

Whilst the primary reaction in the Wackenroder solution is being 
considered, it may be pointed out that, since dry hydrogen sulphide 
and sulphur dioxide do not react, it is unlikely that the one is 
oxidised directly by the other. Even in presence of water vapour 
the mixed gases seem to be stable and only to react on the surface 
of the containing vessel—presumably in the film of adsorbed 
moisture. We have also found that when hydrogen sulphide is 
passed into liquid sulphur dioxide no interaction occurs; this is 
contrary to the statement of Quam (J. Amer. Chem. Soc., 1925, 47, 
103), but agrees with Matthews’s observations (loo. cit). TJae 
mechanism we have suggested for the interaction of these two 
gases in presence of water cannot, of course, be applied to their 
interaction in presence of other dry liquids (Matthews, loc. cit). 
Some complex other than pyrosulphurous acid must be involved 
inmmheases, as suggested by Klein (J. Physical Chem., 1911, IS, 1). 

Rmtathionto acid has generally been regarded as the first thxonic 
acid to appear, both in the case of the decomposition of thiosulphates 
fey acids and in the Wackenroder reaction, tetra- and tri-thionio 
acids being subsequently formed from it by loss of sulphur. Debus 
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(loc. cit., pp. 339, 344) considered that in both these reactions the 
anhydride of pentathionic was formed by direct polymerisation of 
the anhydride of thiosulphuric acid: 5S 2 0 2 = 2S B 0 6 , the necessary 
S 2 0 2 being given by the addition of nascent sulphur to sulphur 
dioxide. In the Wackenroder reaction, some tetrathionic acid was 
formed directly according to the scheme 3S0 2 ■+■ H 2 S = H 2 S 4 O a . 
In both reactions, he believed that tetra- and tri-thionic acids 
resulted from degradation of pentathionic acid. 

All recent workers on polythionates seem to follow Debus, 
although there are several variants of the condensation which is 
supposed to produce pentathionic acid. Raschig (“ Schwefel- und 
Stickstoff-Studien,” 1924, pp. 273—304) assumes the polymerisation 
of S a 0 2 to S 10 O 10 , which gives pentathionic aoid via the hypo¬ 
thetical H 4 S ]0 O 12 . Riesenfeld and Feld (loc. cit., p. 252) assume that 
SO is first formed and gives S 5 0 5 by polymerisation and thence 
pentathionic acid by hydration. Focrster and Hornig (loc. cit.) 
suggest an eleventh-order ionic variant of the above polymerisation, 
6S 2 0 3 " + 6H’—>-2S 5 0 6 " + 3H 2 0, and this appears to be accepted 
by the most recent workers in this field, Kurtenacker and Kaufmann 
(he. cit., p. 256). 

Arithmetically, such polymerisations as the above are simple 
enough, and this seems to be the chief argument which has led to the 
suggestion that pentathionic is the first-formed thionic acid. Kinetic- 
ally, the matter is very different, however, and the polymerisation 
could only occur in a series of steps. This difficulty has been 
realised by Foerster and Vogel (loc. cit., p. 163), who now suggest 
that pentathionic acid is formed by a reaction SO 2HS 2 0 3 '—>■ 
S 5 0 8 " + H 2 0. 

We have found that tho first thionic acid to appear during the 
decomposition of thiosulphate by acids is trithionic, although it is 
generally accompanied by some tetrathionic. It is true that 
pentathionic acid may appear after a vory short time, especially 
under drastio conditions (see p. 1433). All the observations made 
in this section of our work make it almost certain that penta¬ 
thionic acid is the last to be formed, not the first, whilst the experi¬ 
ments and arguments brought forward up to this point are most 
in favour of the view that trithionic acid is the first to be formed 
(Expt.W). 

When hydrogen sulphide and sulphurous acid interact in dilute 
solution, we also find that trithionic aoid is the first thionio aoid 
to appear, and we think there can be no doubt that, in the Waoken* 
roder reaction also, tetra- and penta-thionie acids are built up from 
trithionic acid (Expt. X). 
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The Structural Fomnulce of the Polythionates and their 
Hydrolysis in Acid and in Alkaline Solution. 

Dithionic acid is not considered in this paper, as it is not formed 
under the conditions which give rise to the other thionic acids. The 
structure and mode, of hydrolysis of trithionic acid have already been 
dealt with on pp. 1421, 1422. 

Tetrathionic Acid. —The formation of tetrathionates from thio¬ 
sulphates by oxidation leads naturally to the structure 

oh-so 2 -s-s-so 2 -oh 

for tetrathionic acid, whilst the ease with which one atom of sulphur 
is removed from tetrathionate by sulphite to yield trithionate and 
thiosulphate (Colefax, J., 1908, 93, 798) supports the structure 
0H*S0 2 *S(*S)*S0 2 *0H. A study of the solid model suggests that 
the two formulae are probably equally correct in the sense that the 
slight electronic adjustment needed for one form to pass into the 
other appears to offer no insuperable difficulty. 

9 

Pmtathionic Acid .—For this acid the structure OH , SOo*S*S0 2 , OH 

S 

seems definitely preferable to the alternative 0H‘S0 2 *S*S*S*S0 2 *0H. 
The chief arguments in its favour are (i) its compactness and 
symmetry, (ii) 3 of the 5 sulphur atoms have a co-ordination number 
of four, (iii) 2 atoms of sulphur are readily removed by sulphite to 
yield trithionate. The thionic acid formulae with all the sulphur 
atoms in one straight chain were originally suggested by Mendeleev 
(J. Buss. Phys . Chem. Soc., 1870, 2, 276; 1871, 3, 871), and they 
have been more or less accepted ever since, although it has been 
recognised that the evidence in support was slender. 

Formulae for sodium tri-, tetra-, and penta-thionates have been 
proposed by Raschig (op. cit. } p. 305), but there seems to be nothing 
in their favour and much against them. Martin and Metz ( Z . 
anorg. Chem., 1923, 127, 91) also have proposed formulae for the 
polythionates. 

Many of the objections to the chain formulae have been summarised 
by Vogel (J., 1925, 127, 2248), who suggested the structures 
0H*S0 2 *S(*S)*S0 2 *0H and (0H*S0 2 ) a IS*S*S for tetra- and penta- 
thionic acids, respectively. With this formula for tetrathionic acid, 
tautomeric with the chain formula, we agree, but we consider that 
our formula for pentathionic acid is preferable to Vogel’s, for the 
reasons given above. 

In our opinion, it is the tendency of the central sulphur atom in 
trithionic acid to become co-ordinated with four other atoms in 
all, which is the prime cause of the readiness with which tetra- and 
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penta-thionic acids are built up from trithionic. This building-up 
process comes more or less to an end with the symmetrical penta- 
thionate, and on these grounds the existence of hexathionio acid 
is improbable. It is true that Debus ( loc . cit., pp. 301—309) thought 
he had some evidence for hexathionates, but no later worker has 
prepared either hexathionic acid or hexathionates. Higher poly- 
thionates than pentathionate only seem likely if the two central 
sulphur atoms in the straight-chain form of tetrathionic acid can 
add on additional sulphur atoms in the same way as does the one 
central sulphur atom of trithionic acid. The building-up process 
in thi s case would come to an end with octathionic acid, 

SS 

oh-so 2 4^so 2 -oh, 

66 

with hexa- and hepta-thionic acids as intermediate stages. We 
have some experiments in progress which seem to suggest that this 
is actually possible. 

The reactions of the polythionates are essentially reactions of 
hydrolysis and decomposition, and the formulae proposed above 
offer a satisfactory explanation of all the facts observed. The 
hydrolysis of tri-, tetra-, and penta-thionic acids has been the subject 
of careful investigations by Foerster and Hornig {loc. cit., p. 86) and 
by Kurtenacker and Kaufmann {loc. cit., pp. 43, 369). Some of the 
difficulties which arise in connexion with the hydrolysis of trithionic 
acid have been dealt with on pp. 1421, 1422. 

The nature of this hydrolysis is of importance in relation to that 
of tetra- and penta-thionic acids, for trithionic acid is invariably 
formed when they are hydrolysed. This seems to occur either by 
direct decomposition according to the reactions (XII6) and (XIII6), 
and perhaps H 2 S 6 0 6 H 2 S 3 0 6 -f S 2 , or else by the intervention 

of sulphurous and thiosulphuric acids, which are products of the 
hydrolysis of trithionic acid, in accordance with the reactions 
(XIV), (XV), and (VIII). 

In view of what has been stated on p. 1428 in connexion with 
reaction (VIII), it is very probable that the decomposition of 
penta- and tetra-thionic acids in accordance with reactions (XII) 
and (XIII) really follows a bimolecular course, and that the 
equations should therefore be doubled so as to indicate the formation 
of S 2 units. 

The final products of acid hydrolysis of tri-, tetra-, or penta- 
thionic acid are sulphuric acid, sulphur dioxide, and sulphur, a 
small quantity of hydrogen sulphide being formed in the inter¬ 
mediate stages, Kessler {loc,, cit) alludes to this formation of 
hydrogen sulphide, and we have noticed that it is always produced* 
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Under strongly alkaline conditions, the final result of hydrolysis 
can be represented by the equations 

2H a S 3 0 6 + 3H.0 ^ H 2 S 2 0 3 + 4H 2 S0 3 ... (a) 

2H 2 S 4 0 6 + 3K 2 0 ^ 3H 2 S 2 0 3 + 2H 2 S0 3 . . . (b) 

2H 2 S 6 0 6 + 3H 2 0 ^ 5H 2 S 2 0 3 .(c) 

(Kurtenacker and Kaufmann, loc . cit , p. 369), but in the case of 
tetra- and penta-thionates, the tri- andtetra-thionates are formed to 
some extent as intermediate steps, and in absence of sufficient 
hydroxyl-ion concentration some hydrolysis of trithionate in the 
manner characteristic of acid conditions occurs, with consequent 
formation of sulphate (see p. 1422). 

In considering the above results, we wish to stress two important 
governing factors : (i) Tri-, tetra-, and penta-thionic acids are all 
of the nature of pyro- or anhydro-acids, and so would be expected 
to break up in alkaline solution or on dilution, and to be relatively 
more stable the more acid the solution. Complications are intro¬ 
duced by the instability of the products of hydrolysis, thiosulphuric 
and sulphurous acids, but the general correctness of these deductions 
is illustrated by the great difficulty in preparing pentathionates, 
owing to the readiness with which they decompose, although in 
strongly acid solution, pentathionic acid is the most stable of the 
three acids, (ii) The tendency for a sulphur atom to become co¬ 
ordinated with four other atoms is the second governing factor. 

Equations (a), (6), and (c) above are only to be regarded as 
summation equations, but if we consider them for a moment as 
representing directly reversible reactions, and bearing in mind that 
thiosulphuric and tri-, tetra-, and penta-thionic acids are all strong 
acids, whilst sulphurous acid is much weaker, we see that the form¬ 
ation of pentathionic acid according to equation (c) would correspond 
to a much greater decrease of acidity than would the formation of 
either tri- or tetra-thionic acid according to equation (a) or (6). 
This is probably a main reason for the greater stability of penta¬ 
thionic acid in acid solution, and its great instability under alkaline 
conditions. 

In discussing the relative stability of compounds, it is most 
important to realise that this ca n not be done in general terms, but 
only with reference to specified conditions—a matter which is 
frequently overlooked. Vogel’s general statement (loc. cit) that the 
relative stabilities of the polythionic acids should decrease in the 
order di-, tri-, tetra-, and penta- has no meaning, nor has Eoerster 
and Centner’s statement (loc. cit p. 56) that pentathionate is much 
less stable than tetrathionate. 
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The hydrolysis of the unsymmetrical form of trithionic acid has 
been dealt with on p. 1421, but the mechanism of the hydrolysis of 
the symmetrical form, which finally yields sulphite and thiosulphate, 
has not been considered. Since no sulphate is formed, it seems clear 
that in the first step the hydroxyl group becomes attached to the 
central sulphur atom, and not to a terminal one, yielding a molecule 
of sulphonic acid and an unstable intermediate compound which is 
to be regarded as thiopermonosulphuric acid : 

on-s^i s-s° 2 -°h — h-so,h + oh-s-scvoh 
HjOH 3 3 

Further hydrolysis of the thiopermonosulphuric acid yields sul- 
phoxylic acid and another molecule of sulphonic acid: 0H*S*S0 2 *0H+ 
H a O —>- S(OH) 2 + 1I*S0 3 H. The sulphoxylic acid is then oxidised 
to sulphurous acid by another molecule of thiopermonosulphuric 
acid which is itself reduced to thiosulphate: S(OH) 2 + OH'S'SO^OH 
—>- H 2 S0 3 + H 2 S 2 0 3 . The final result of the hydrolysis in alkaline 
solution is represented by equation (a) on p. 1446, 

If this picture of the mechanism of the hydrolysis is correct, it 
should be possible to produce trithionate from sulphoxylic and 
sulphurous (sulphonic) acids. We attempted such a synthesis by 
boiling a solution of sodium formaldehydesulphoxylate (1 mol.) and 
sodium pyrosulphite (1| mols.), but were unable to obtain any 
definite or conclusive results. 

The hydrolysis of tetra- and penta-thionic acids is explicable 
along similar lines. The fact that pentathionate on treatment with 
sodium carbonate loses one atom of sulphur to form tetrathionate 
(Raschig, op. cit ., pp. 273—304), not two to form trithionate, 
suggests that in alkaline solution tetrathionate has the straight-chain 
structure, although it would seem to pass readily into the other 
form, 0H*S0 2 ‘S(*S)*S0 2 '0H, since sulphite converts it into tri¬ 
thionate. Hydrolysis of the straight-chain form would yield 1 mol. 
of thiosulphate and 1 mol. of thiopermonosulphuric acid, which 
would then give rise to thiosulphate and sulphite, as already 
indicated. Complete alkaline hydrolysis of tetrathionate would 
thus take place in accordance with equation (6) on p. 1440, 

In the case of pentathionic acid, the sulphur atom dropped in the 
very first step of all (equation XIII) suffices to convert a molecule 
of sulphite into thiosulphate, so that in this case complete alkaline 
hydrolysis yields nothing but thiosulphate [equation (c), p. 1446]. 

Acid hydrolysis of pentathionic acid may be expected to follow a 
different course. If the hydroxyl group becomes attached to the 
central sulphur atom, as in the case of trithionic acid, the first step 
would yield an intermediate product which can be regarded as 
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dithiodithionic acid. This would, no doubt, be very unstable and 
might be expected to break up into sulphur and thiopermono- 

oh-so 2 -s(:s 2 )-so 2 -oh h*so ? *oh + oh-s(:s 2 )-so 2 *oh 

sulphonic acid dithiodithionic acid 

sulphuric acid, which would then react further as indicated on p. 1447. 
It is possible that an intermediate compound 0H*S(*S)*S0 2 *0H 
might similarly be formed by acid hydrolysis of the unsymmetrical 
form of tetrathionie acid, 0H i S0 2 *S(*S)*S0 2 *0H. 

The influence of hydrogen-ion concentration on the relative 
stability of tri-, tetra-, and penta-thionic acids is not easy to forecast 
in any detailed manner. Reactions (XII) and (XIII) will only be 
dependent upon hydrogen-ion concentration in so far as the 
relative strengths of the three acids differ. Precise information on 
the strengths of these acids is lacking, although we know that they 
are all strong acids. 

The strength might be expected to diminish in the order penta-, 
tetra-, tri-, in view of the fact that the content of “ negative ” 
sulphur diminishes in this order. If this is correct, decrease of 
acidity should tend to favour reactions (Xlla) and (XIILz). The 
accepted statements (Debus, Raschig, loco, cit.) that alkali causes 
the formation of tetrathionate and sulphur from pentathionate, 
however, contradict this. It follows therefore that, either penta- 
thionic acid is the weakest of the three acids, which is possible, or 
else that its decomposition into tetrathionie acid and sulphur is 
only apparent—that is to say, reaction (XHI6) does not occur 
directly at all, but only as the final result of a more or less com¬ 
plex series of changes [e.g., slight hydrolysis in conjunction with 
reactions (XV6) and (Villa)], some part of which is definitely 
favoured by decrease of acidity. In any case it is certain that the 
proportions of tri-, tetra-, and penta-thionic acids which can exist 
in a solution depend, among other things, upon the hydrogen- 
ion concentration, increase and decrease of which favour the 
formation of penta- and tri-thionic acid, respectively. The effect 
of change of acidity is so great that the separation of sulphur on 
addition of al k a li is almost as delicate a test for pentathionate as 
is the ammoniacal silver nitrate test. 

Experimental. 

EocpL A . (Theory, p. 1403.)—Solutions containing known amounts 
of sodium formaldehydesulphoxylate, sodium hydroxide, and lead 
acetate were heated to boiling for a short time and allowed to cool. 
The mixture of lead sulphide and metallic lead was filtered off and 
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washed, finally with alcohol, dried as quickly as possible at 100°, 
and weighed. It was then converted into lead sulphate and weighed 
again. The following results were obtained in three experiments : 


Sodium formaldehydesulphoxylate (g.) ... 

^/2-Lead acetate (c.c.) ... 

22v -Sodium hydroxide (c.e.) .. 

Molecular ratio, Pb/PbS, in precipitate ... 


I. 

II. 

III. 

2*4 

2*4 

1*2 

5 

5 

5 

10 

2 

10 

1-82 

2*27 

2-69 


Sufficient water was added in the second and third experiments to 
make the total volume the same as that of the mixture used in the 
first experiment. The sodium formaldehydesulphoxylate used in 
this and following experiments had the composition NaCl, 10; 
Na 2 SO 4 ,10H 2 O, 64; Na 2 C0 3 ,10H 2 0, 2M; CH 3 0 3 SNa, 62-8%. 
Chloride, sulphate, sulphoxylate, and total sodium were estimated, 
and carbonate (proved qualitatively) was calculated. The sul¬ 
phoxylate was determined by the methods of Helwig {Amer. Dyestuff 
Reporter , 1920, 7, ii, 12) and Hollingsworth Smith (J. Amer. Chem. 
Soc ., 1921,43,1307), which gave the same results. 

Expt. B. (Theory, p. 1405 .)—A bright silver coin (92-5% Ag) was 
digested for 1 hour with sulphur, 1 c.c. of 0*3A-potassium dichromate, 
1 c.c. of 2N -phosphoric acid, and about 20 c.c. of water. Very 
little sulphide attached itself to the coin; most remained mixed with 
the sulphur. 


Loss of weight of coin == 0-0079 gA 
Ag 2 S produced = 0-0078 g. I 

Sulphate formed, as BaS0 4 = 0-0063 g.J 


Molecular ratio, 
Ag 2 S : BaS0 4 == M7. 


Expt. C . (Theory, p. 1405.)—10 C.c. of a solution containing 0*2 g, 
of the sodium formaldehydesulphoxylate (= 0*1256 g. pure sul¬ 
phoxylate) were mixed with 10 c.c. of 2A*sodium hydroxide, 5 c.c, 
of 0*5V-lead acetate, and 5 c.c. of 2A r -barium chloride. After 
simmering for | hour in an atmosphere of purified coal gas, the 
mixture of lead sulphide, metallic lead, and barium sulphate wets 
filtered off. The lead and lead sulphide were extracted with warm 
dilute hydrochloric acid, and the barium sulphate was weighed; 
0*0146 g. was obtained, of which 0-0088 g. was due to sulphate 
present in the sulphoxylate used. Decomposition of sulphoxylate 
in accordance with abreaction 2H 2 S0 2 —> H 2 S + H 2 S0 4 would 
yield 0-1242 g. of barium sulphate; 0*0058 g. is only 4*6% of this, 
and no importance can be attached to it. 

Expt. D. (Theory, pp, 1403, 1405,)—^(1) 20 C.c. of l*25V-hydro- 
chloric acid containing 0*315 g. of pure sulphoxylate were digested 
for 80 mins, in a small flask connected to two wash-bottles containing 





1450 


BASSETT AND DUKBANT : 


N /10-iodine and a third containing N /40-thiosulphate. A slow 
current of purified coal gas passed through the apparatus. The 
iodine reduced was 82% of that required by a reaction 2H 2 S0 2 —b 
S + H 2 S0 3 + H 2 0, which is a combination of reactions (I) and (II). 
After the precipitated sulphur had been filtered off, any sulphate 
formed during the decomposition was precipitated and weighed as 
barium sulphate; only 0*0163 g. was obtained, and as 0*022 g. was 
to be expected from the sulphate present in the sulphoxylate used, 
it is clear that no sulphate had been formed during the hydrolysis. 
The filtrate from the barium sulphate gave a reaction for penta- 
thionate, and the formation of this and other thionic acids would 
account for only 82% of the calculated amount of sulphurous acid 
being obtained. The weight of sulphur precipitated in this experi¬ 
ment was difficult to estimate exactly owing to the presence of some 
trithioformaldehyde, but it -also corresponded to about 82% of that 
demanded by the above equation. Another experiment, similar to 
the above, in which some lead acetate was added to the reacting 
solution gave practically identical results. No metallic lead or lead 
sulphide was precipitated and 0*0185 g, of barium sulphate was 
obtained. 

(II) 10 C.c. of sulphoxylate solution (= 1 g. crude^or 0*628 g. pure 
sulphoxylate), 20 c.c. of 1% arsenious oxide solution, and 10 c.c. of 
concentrated hydrochloric acid were boiled in a current of purified 
coal gas until the arsenious sulphide had coagulated, and then for a 
further 15 mins , to drive out sulphur dioxide. The sulphide was 
filtered off and weighed. The filtrate after considerable dilution and 
treatment with barium nitrate gave a very small precipitate of 
barium sulphate on standing [Found : As 2 S 3 , 0*1444 g. Calc, 
(from the weight of sulphoxylate used on the basis of reaction II): 
0*1447 g. Found: BaS0 4 , 0*0226 g. Calc, (for sulphate present 
in the sulphoxylate used): 0*044 g.]. 

Expt.E. (Theory, p. 1405.)—To a mixture of 20 c.c. of l%arsenious 
oxide solution and 10 c.c. of concentrated hydrochloric acid were 
added 2 c.c. of 21V-thiosulphate. After the mixture had been boiled 
to expel sulphur dioxide, the precipitate, which consisted mainly of 
arsenious sulphide, was filtered off and weighed. Sulphate in the 
diluted filtrate was precipitated as barium sulphate (Found: As 2 S 3 , 
0*0654 g.; BaS0 4> 0*3908 g.). 

Expt F. (Theory, p, 1408.)—100 C.c. of a solution containing 
1*2289 g. of sodium hydrosulphite (of 88*7% purity) and 0*3750 g. 
of sodium carbonate were left exposed to the air at room temper¬ 
ature, and the unoxidised hydrosulphite was determined at intervals 
by Hollingsworth Smith’s method (loc. cit .): k is the value of the 
expression 1/2. Iog^a/(# — x). 
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%n®A 0 4 ia4 

t (mins.). present. k X 10*. 
0 88*7 — 

10 82*4 73*4 

20 80*6 47*8 

40 69*6 60*9 


% Na 2 S a 0 4 

t (mins.). present. k X 10 4 . 
80 54*9 60*0 

140 39*4 68*1 

260 16*5 64*8 


The rate of oxidation and the actual value of h will depend on the 
exact conditions of exposure, which were, however, approximately 
constant during the experiment. 

Ex'pL G. (Theory, p. 1414.)—Analyses are given in Table I of a 
number of old sulphurous acid solutions, none of which had deposited 
any visible sulphur. Sulphurous and sulphuric acids were deter¬ 
mined by iodine titration followed by estimation of total sulphate. 
Polythionic acids were estimated in a separate portion, from which 
sulphur dioxide had been expelled either by boiling or by means of 
an air current. 

The method we have used for analysing mixtures of polythionic 
acids depends on one of the tests given by Takamatzu and Smith 
(J., 1880, 37, 608), viz., the addition of silver nitrate to the neutral 
or acid solution. The general reaction may be expressed Ag 2 S#0 6 —»- 
Ag 2 S + (x — 3)S + 2S0 3 , whence the molecular ratios of silver 
sulphide to free atomic sulphur precipitated are, for trithionate 
1 :0, for tetrathionate 1:1, and for pentathionate 1:2. Since 
colloidal and precipitated sulphur react slowly with silver nitrate 
to form silver sulphide, a standard solution of silver nitrate should 
be used in only very slight excess. Decomposition of the silver 
polythionates is rapid at temperatures near 100°, so it is best to 
heat the solution nearly to this temperature before adding the silver 
nitrate. The silver sulphide-sulphur precipitate, which filters 
easily, is well washed, finally with ammonia or ammonium carbonate 
solution. (This is to remove sulphuric acid, which otherwise is 
obstinately retained and causes charring of the filter paper on 
drying.) The precipitate is dried at 100° and weighed. A portion 
is then weighed into a glass ignition tube and heated until all free 
sulphur (if present) is driven off. Brilliant, black, crystalline silver 
sulphide remains and is weighed. This method, although simple and 
expeditious, gives surprisingly reproducible results, whilst it enables 
the presence of very small amounts of free sulphur to be detected 
with certainty owing to the dark colour of the distillate. Although 
the ratio Ag 2 S : S may be found to be 1; 1, this does not prove the 
presence of pure tetrathionate unless it has been shown that penta¬ 
thionate is absent, which can be most readily done by the well- 
known ammoniacal silver nitrate test. 

It is to be noted that after sulphur dioxide had been expelled by 
an air current at the ordinary temperature, both tri- and tetra- 
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thionie acids were present, but after the sulphur dioxide had been 
boiled off only trithionic acid was found. We satisfied ourselves 
that these sulphurous acid solutions contained neither colloidal 
sulphur, thiosulphate, nor pentathionate. Only the lf-year old 
solution seemed definitely to contain thiosulphate. After the 
sulphur dioxide had been boiled off, both tri- and tetra-thionic 
acids were found in this case. 

Expt. H. (Theory, p. 1416.)—Table II epitomises a series of experi¬ 
ments in which solutions of the concentrations stated were boiled 
for 2 minutes in a small conical flask, 20 c.c. being used in each 
experiment. Hydrochloric acid was used. The mouth of the flask 
was covered with a filter paper moistened in the centre with one drop 
of 2#Mead acetate solution. The stains of lead sulphide produced 
were compared and preserved. 

In the more concentrated thiosulphate solutions, sulphur dioxide 
was evolved as well as hydrogen sulphide, which accounts for the 
fact that the latter appears to reach a maximum with N /100-acids, 
as shown in cols. 2, 3, and 4 of the table. Although the two gases 
can coexist in gaseous mixtures for considerable periods of time, lead 
acetate is not darkened when sulphur dioxide is largely in excess. 
The non-appearance of hydrogen sulphide under the conditions 
represented above the sloping line suggests that its production is due 
to a molecular rather than to an ionic reaction. 


Table II. 


Acid 
normality. 


. #- 

NAjjSgOj. 


0-1 N- 

NajiSjOg. 


0*01#. 

Na 2 S 2 0 3 . 


0 * 001 #- 

Na 2 S 2 O s . 


0 * 0001 #- 

Na 2 S 2 0 8 . 



0, no sulphur separated. 

sulphur appeared and later disappeared. 

S, sulp hur was permanently precipitated. 

| Sj or jHjS|, the substance appeared to have reached a maxiimim in respect to 
the vertical column, 

H 2 Sf, & faint stain due to hydrogen sulphide. 
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Expt. I. —(i) (Theory, p. 1418). 5*86 G. of hydrated sodium thio¬ 
sulphate, 1 c.c. of 0*2iV-sodiuin hydroxide, and 5 c.c. of water were 
boiled for 5 mins, and cooled; addition of sodium plumbite then 
gave an immediate brown coloration. 

(ii) (Theory, p. 1418). 20 C.c. of an aqueous solution containing 
14 g. of hydrated sodium thiosulphate and 20 c.c. of 2iV'-sodium 
hydroxide were heated to boiling for 50 mins, in an atmosphere of 
purified coal gas, then acidified with hydrochloric acid and boiled 
in coal gas to decompose thiosulphate and drive off sulphur dioxide. 
Sulphate present in the solution was then estimated as barium 
sulphate: 0*0030 g. was obtained (mean of three experiments) after 
subtracting (a) the barium sulphate (0*0020 g.) due to sulphate 
formed during the decomposition of the thiosulphate with acid, 
and (P) sulphate, silicate, eto. (0*0083 g.), derived from the action 
of alkali on the glass. Both corrections were determined separately. 

A similar solution after boiling for 50 mins, in coal gas was treated 
with 5 c.c. of 0*5X-lead acetate solution. This gave an immediate 
brown colour, and after short heating lead sulphide coagulated and 
was weighed as sulphate. In another experiment the lead acetate 
was added before the boiling with alkali. The two results were 
identical (Found: PbS0 4 , 0*0443 g.). This lead sulphate repre¬ 
sents sulphide formed by reaction (IX), but corresponds to only 
5*8% of the original thiosulphate. The sulphate also formed is 
derived from the hydrolysis of a small proportion of the trithionate 
formed in the main reaction. 

(hi) (Theory, p. 1419). 1*4 G. of hydrated sodium thiosulphate, 
dissolved in 20 c.c. of 84A 7 -caustic soda and boiled for 50 mins, in 
coal gas, gave the merest trace of sulphide on treatment with lead 
acetate. On large dilution with water no further precipitate 
appeared. 

(iv) (Theory, p. 1419). 10 C.c. of 2A-eaustic soda, 2*5 c.c of 2N- 
sodium sulphite, and 20 c.c. of 0*0072A-hydrogen sulphide were 
digested in coal gas for 1 hour at the b. p.; 1 c.c. of 0*5i\Mead 
acetate solution was then added. An immediate black precipitate 
was formed which was filtered off and weighed as lead sulphate. A 
blank experiment using 2*5 c.c. of water instead of the sodium 
sulphite was also carried out (Found, from sulphite mixture: 
PbS0 4 ,0*0273 g.; from blank: PbS0 4 , 0*0260 g.). 

(v) (Theory, p. 1419). 20 C.c. of 2A-caustic soda, 5 c.c. of 2N- 
sodium sulphite, and 1 c.c. each of 2A-sodium thiosulphate and 
2F-sodium sulphide were boiled for 50 mins, in coal gas, and then 
treated with 5 c.c. of 0-5^-lead acetate. The lead sulphide pre¬ 
cipitated was converted into 0*2886 g. of sulphate, whereas a blank 
experiment without sulphite and thiosulphate gave 0*2903 g. 
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(vi) (Theory, p. 1418). This experiment was similar to the last, 
but 2 c.c. of 21V r -sodium sulphate were used instead of the sulphite, 
and double the quantity of thiosulphate ( i.e ., 2 c.c.) was used; 
0-2885 g. of lead sulphate was obtained, again showing that no 
disappearance of sulphide had occurred during the boiling. Some 
thiosulphate was added, as it was thought that, if sulphide would 
not act directly on the sulphate, it might possibly react with thio¬ 
sulphate to form trithionate, which would then react with the 
sulphide to form thiosulphate. 

We could get no indication of any thiosulphate formation when 
hydrogen sulphide was allowed to act upon sodium sulphate either 
at the ordinary temperature or at 100°. Numerous experiments 
were made under various conditions of concentration, etc. 

(vii) (Theory, p. 1418). 0-2988 G. of lead thiosulphate was boiled 
with 20 c.c. of 2N- sodium hydroxide, in which it dissolved, in an 
atmosphere of hydrogen. There was no trace of darkening or 
precipitate after 50 mins’, boiling. 0-8250 G, of lead thiosulphate, 
when boiled in hydrogen with 25-9 c.c. of 0-2JV-sodium hydroxide 
(i.e., the equivalent amount of alkali), became cream-coloured, but 
showed no sign of sulphide formation after 10 mins’, boiling. 

When lead thiosulphate is boiled with less than the equivalent 
amount of alkali, decomposition is rapid and large amounts of 
trithionate are obtained, but a considerable proportion of the tri¬ 
thionate is decomposed into sulphide and sulphate, with consequent 
neutralisation of the alkali used—in fact, the reaction mixture be¬ 
comes slightly acid. The black precipitate obtained was shown to 
be a mixture of lead sulphide and sulphate with sometimes a little 
unaltered thiosulphate, a trace of which may also remain in the 
solution. The filtrate from the lead sulphide and sulphate pre¬ 
cipitate was analysed for thiosulphate and trithionate, one portion 
being titrated with N /100-iodine, and the trithionate and thio¬ 
sulphate in another portion being obtained from the weight of silver 
sulphide given on treatment with silver nitrate. The results of two 
such experiments are given in Table III. 

Table III. 

I. 

PbSA(g-) -..... 0-9012 

H 2 0 (c.c.) . 10 

NaOH ..... I c.c. 2N. 

Ag s S from trithionate (g.) ... 0-1680 

Ag 2 S from thiosulphate (g.).. 0*0135 

In both experiments, the mixture was boiled for 5 mins, in an 
atmosphere of hydrogen. In the second experiment, the mixture 
was left over-night after the boiling before filtering. 


II. 

0*7120 

10 

5 o,o. 0-2#** 

0-1507 

0-0163 








1456 


BASSETT AND DURRANT : 


(viii) (Theory, p.1418). Even under weakly acid conditions, some 
trithionate can survive during the decomposition of lead thio¬ 
sulphate : 1*3974 g. of lead thiosulphate, 5 c.c. of 2*175iV-acetic acid, 
and 20 c.c. of water were boiled for 5 mins.; sulphur dioxide was 
given off, and the black residue contained considerable free sulphur. 
The filtrate contained trithionate capable of giving with silver 
nitrate 0*0897 g. of silver sulphide, and thiosulphate equivalent to 
0*0368 g. of silver sulphide (the thiosulphate was obtained by titration 
with N /100-iodine—some sulphurous acid may have been present, 
in which case the value for trithionate would be correspondingly 
greater). 

Expt. J. (Theory, p. 1420.)—Freshly precipitated and washed 
manganese sulphide, obtained from the hydrated sulphate, was 
gently boiled in a narrow-mouthed, conical flask, closed by a funnel, 
with a solution of 10 g. of ammonium sulphate in about 50 c.c. of 
water, until all the sulphide had reacted, i.e., for 3—5 hours. In 
Expts. I, HI, and IV, 1*1 g. of MnS0 4 ,4H 2 0 was used; in Expt. II, 
2*2 g. Hydrogen was passed through the flask in which Expt. IV 
was carried out, but even so, indications of yellow ammonium 
sulphide were seen at the end of the exit tube inside the flask—-a 
sign of slight oxidation. The sulphide used in Expt. I had under¬ 
gone more oxidation during its preparation than the other samples. 
The filtrates from the small amounts of higher oxide of manganese 
(very small in Expt. Ill) were analysed by titrating one portion 
with jV/100-iodine, and weighing the silver sulphide obtained with 
silver nitrate from another portion. The silver sulphide was shown 
to contain no free sulphur, and in amount it agreed very closely 
with that required by the iodine titration, showing that it was 
derived from thiosulphate, not trithionate : 

I. 

Ag a S weighed (g.).. 0*1290 

Ag a S calc, from iodine titration (Not 

titrated.) 

A series of experiments in which hydrogen sulphide was passed 
through boiling strong solutions of ammonium magnesium and 
amm onium nickel sulphates gave entirely negative results, no 
trithionate or thiosulphate being formed. 

Expi.K* (Theory, p.1421.)—The following is a typical experiment: 
Hydrogen sulphide was passed through a mixture of 5 c.c. of con¬ 
centrated sulphuric acid and 3 c.c. of water for 70 mins. Ho 
sulphur was precipitated. The gas was then displaced from the 
solution by a very rapid current of hydrogen, and the solution was 
diluted rapidly to 100 c.c.; this caused an immediate opalescence 
due to sulphur. Some of the diluted solution, when tested with 


II. 

0*0662 

0*0669 


III. 

0*0144 

0*0139 


IV. 

0*0048 

0*0050 
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ammoniacal silver nitrate, gave a faint coloration such as would be 
expected from the sulphur cloud; the paleness indicated that all 
the hydrogen sulphide had been removed. The silver sulphide from 
half of the solution amounted to 0-0029 g. and the iV/100-iodine 
titration indicated that one-third was derived from trithionate and 
two-thirds from thiosulphate. The cloud of sulphur formed on 
dilution is attributed to formation and decomposition of thiosulphate 
owing to the large addition of water having caused hydrolysis of 
trithionic acid originally present. In other experiments, it was 
noted that traces of hydrogen sulphide continued to be removed by 
the current of hydrogen from the original strong acid after several 
hours. This suggests a slow reversal of reaction (X) by the water 
present. The thiosulphate found in the solutions after dilution had 
probably been formed by hydrolysis from trithionate, partly during 
the removal of hydrogen sulphide by the current of hydrogen, and 
partly during the dilution. 

Expt L. (Theory, p. 1423.)—0-4884 G. of potassium trithionate 
and 20 c.c. of 5V-hydrochloric acid were gradually heated to boiling. 
Sulphur appeared at about 50°. Boiling was continued until no 
more sulphur dioxide was liberated—about 25 mins, in all. The 
liberated sulphur weighed 0-0335 g. and a further 0-0032 g. separated 
on dilution owing to decomposition of pentathionic acid. This 
small quantity was filtered off after being boiled for 1 hour to cause 
coagulation. Sulphate present in the filtrate gave 0-4817 g. of 
barium sulphate, whereas if 1 mol. of trithionate gave 1 mol. of 
sulphate, the weight would have been 0-4216 g. 

Expt. M. (Theory, p. 1423.)—Potassium trithionate solutions of 
the concentrations given in Table IV (p. 1452) were left at room 
temperature for the stated periods and then analysed. Our poly- 
thionate estimations (B. and D.) were made by the silver nitrate 
method (see Expt. G), whereas Kurtenacker and Kaufmann (K. and 
K.) used volumetric methods. 

It is evident that ^-hydrochloric acid had hastened the hydrolysis 
to a later stage in 28 days than had N /10-sulphuric acid in 42 days. 
Obviously our experiment (iv) represents the latest stag© of the four 
—again confirming our contention that pentathionic acid is the 
last polythionic acid to be produced. Kurtenacker and Kaufmann 
also expected this, but had not reached it in (iii). 

Expt N. (Theory, p. 1425.)—Pour mixtures of sodium thio¬ 
sulphate and hydrochloric acid of the composition stated in Table 
V, (i), (ii), (iii), and (iv) were made by adding 1 c.c. of M -sodium 
thiosulphate to 10 c.c. or 21 c.c. of hydrochloric acid of appropriate 
strength in small, tightly-corked flasks. After the stated intervals 
of time, the whole mixture was titrated with iV’/10-iodine, a separate 
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Table V. 

Extension of Holleman’s Experiments. 


(a) O-SM-NajSjOa = a; 1-(W-HC1. 



.N710-Iodine, BaSO. 


x (altern¬ 


t. 

c.c. 

(g*)* 

X. 

ative calc.). 

Jc» 

0*5 

11*95 

0*0611 

0*165 

0*154 

1*97 

1 

12*8 

0*0816 

0*210 

0*221 

1-45 

2 

13*9 

0*1097 

0*276 

0*308 

1*23 

4 

14*35 

0*1316 

0*348 

0*343 

1-15 

5 

14*6 

0*1381 

0*363 

0*363 

1*06 

6 

14*5 

0*1416 

0*383 



7 

14*2 

0-1432 

0*410 



43 hrs. 10*25 







(b) 0*25ikf-Na 2 S 2 O 3 

— a; 

0-5JV-HC1. 


1 

12*1 

0*0528 

0*060 

0*121 

1*26 

2 

13*2 

0*0895 

0*113 

0*147 

1*65 

5 

13*9 

0*1217 

0*153 

0*225 

1*59 

10 

14*0 

0-1462 

0*215 

0*231 

2*46 

15 

14*1 

0-1541 

0*228 

0*237 

2*75 

20 

14*2 

0*1615 

0*243 

0*243 

6*94 

30 

13*8 

0-1623 




240 

12*6 

0*1750 





43 hrs. 9*75 


(c) 0*likf-Na 2 S 2 O 3 = a; O-S^-HCl. 


t. 

N/10-Iodine, 

c.c. x. 

Jc. 

0*5 

10*5 

0*0091 

2*00 

1 

10*7 

0*0128 

1*47 

5 

11*9 

0-0347 

1*06 

10 

12*8 

0*0511 

1*02 

15 

13*1 

0*0566 

0*87 

17 

13*2 

0*0584 

0*83 

18 

13-1 

58*4% Decomposed at 17 


20 

12*7 

mins, according to sul¬ 


25 

11*9 

phate estimation after 


30 

11*7 

the iodine titration. 


43 hrs. 

9*25 




(i) 0‘0455M-l$a 2 S n 0 3 — a; (ii) 0‘0455ikf-Na 2 S a 0 3 -■ a; 

0-196M-HCL 0-393M-HCI. 



^■/10-Iodine 




Nj 10-Iodine 


t. 

(c.c.). 


h . 

U 

(c.c.). 

X. 

IC't 

1 

10-5 

0*00437 

2*33 

1 

10*55 

0*00463 

2-49 

3 

10-9 

0*00785 

1*53 

3 

11*0 

0*00842 

1-66 

5 

11*2 

0*0105 

1*32 

5 

11-4 

0*0118 

1-54 

7 

11-8 

0-0158 

1*66 

7 

11-85 

0*0156 

1-64 

10 

U-95 

0*0176 

1*32 

10 

12-4 

0*0202 

1-76 

15 

12-6 

0*0228 

1-47 

15 

12-85 

0*0240 

1-64 

20 

13-13 

0*0274 

1*66 

20 

13*6 

0*0303 

2-19 

30 

13-7 

0*0324 

(2*70) 

30 

14*5 

0*0379 

(3-65) 

40 

14-2 

0*0368 

(2*31) 





60 

14-8 

0*0420 

(4*39) 





80 

15-1 

0*0446 

(13*62) 





120 

15-2 

— 

— 







Mean 1*61 



Mean 

1-85 


Limiting val. used for calc., 15*2. Limiting val, used for calc., 15*4. 
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Table V. (contd.) 


(iii) 0-091Af-Na a S 2 O 3 — ai 
0*393.M-HC1. 



N /10-Iodine 



t. 

(c.c.). 

X. 

h . 

1 

10*9 

0-0152 

2*20 

5 

12*4 

0-0404 

1*76 

10 

13*4 

0-0573 

1*87 

15 

14-1 

0-0691 

2*31 

20 

14*3 

0-0725 

2*15 

35 

14*6 

0-0775 

1*81 

40 

14*85 

0-0817 

(2*42) 

60 

15*4 



80 

15*2 



120 

15*1 




I l imi ting val. used for calc., 15*4. 


(iv) 0*091Af-Na.,S n O a = a; 
1-96AT-HC1. 



N /10-Iodine 


L 

(c.c.). 

x . 

k. 

1 

11*5 

0*0182 

2*75 

3 

13*1 

0*0376 

2*58 

5 

14*0 

0*0485 

2*51 

7 

14*6 

0*0546 

2*36 

10 

15*3 

0*0643 

2*65 

15 

15*7 

0*0692 

2*33 

20 

16*3 

0*0764 

2*88 

30 

17*0 

0*0849 

(5*10) 

40 

17*3 

0*0886 

(10*14) 

60 

17*4 

0*0898 

(13*74) 

80 

— 



120 

17*2 




Moan 2*58 


Limiting val. used for calc., 17*5. 


mixture being used for each titration. The amount of iodine required 
at zero time was, of course, 10 c.c. in each case. In these experiments, 
since excess of acid was used, it can be safely assumed that decom¬ 
position of thiosulphate was complete when the iodine titration had 
reached its limiting value. The amount of decomposition at earlier 
stages was calculated by simple proportion. Holleman’s three 
experiments, in which equivalent amounts of thiosulphate and acid 
were used, were also repeated (Expts. a, b, and c). At the time 
stated, a known quantity of Nj 10-iodine was added and the excess 
was then titrated with Nj 10-thiosulphate. After 1 min. we obtained 
similar results to his, but we followed up the experiments in order 
to determine the maximum values of the titre so that the velocity 
coefficient might be calculated in the manner indicated on p. 1428. 
For this purpose, the sulphate present in the titrated solution was also 
determined. In experiments (a) and (b) the sulphate was determined 
at each stage (and is given in the table as g. of barium sulphate) in 
order to get a direct measure of the amount of decomposition to 
compare with that calculated by simple proportion from the iodine 
titre and the sulphate formed at the stage of maximum iodine titre. 

In all these experiments, which were carried out at 17°, the initial 
concentrations shown are those which obtained after mixing. 
Time, t , is given in minutes, unless otherwise stated. The number 
of mols. of thiosulphate decomposed is given by x\ and k is the 
bimolecular velocity coefficient calculated from k = x/ta(a — x). 

Uxpt. 0 . (Theory, p, 1430; Fig. 1.)—Mixtures were made of 
1 c.c. of 0*05,0*1,0*25, 0*5, or l*0Af-sodium thiosulphate with 10 c.c. 
of hydrochloric acid (or, in the cases indicated, phosphoric acid) of 
the molecular normalities shown on the abscissae of Fig. 1, where the 
results are given in the form of curves. As ordinates are plotted 
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the times (in mins.) required for the first appearance of visible 
sulphur, which could not, of course, be determined with very great 
accuracy. The actual normalities of thiosulphate and of acid in the 
mixture would be 10/1 lths of those indicated. The experiments 
were done at room temperature (about 17°). 

Ex'pt. P. (Theory, p. 1432.)—Four separate mixtures were made, 
each containing 1 c.c. of each of the specified constituents : (1) 
0* 1M -Thiosulphate, 0-5N -hydrochloric acid, water: Sulphur de¬ 
position began 90 secs, after mixing. (2) 0-1 Jf-Thiosulphate, 
0-5 M -potassium tetrathionate, 0 a oN -hydrochloric acid : This 
remained absolutely clear for 24 hours after mixing. It then gave 
a strong reaction for pentathionate. The original tetrathionate con¬ 
tained only a faint trace of pentathionate. (3) 0-5iJf-Thiosulphate, 
0*5 M -sulphuric acid, water : Sulphur deposition started in 15 secs, 
and was soon very heavy. (4) 0-5JH-Thiosulphate, 0*5iJ<f-potassimn 
tetrathionate, 0*5J£-sulphuric acid : Faint sulphur deposit after 
2 mins. It was only slight after 10 mins. Concentrations are stated 
in molecular normalities in all cases. Since we made these experi¬ 
ments, s imil ar ones have been recorded by Foerster and Centner 
{be. cit, pp. 64, 68). 

j Expt. Q. (Theory, p. 1432.)—0*203 G. of iodine in 20 c.c. of alcohol 
was mixed with 0*216 g. of potassium trithionate in 20 c.c. of water, 
and hydrogen sulphide was then passed in very slowly until the 
iodine was decolorised. Some sulphur was deposited, which was 
filtered off, washed, dried, and found to weigh 0*0153 g. To the 
filtrate was added 0*265 g. of lead nitrate in 20 c.c. of water. After 
standing for 5 hours, the lead iodide was filtered off and washed once. 
The filtrate from this iodide was warmed with 5 c.c. of 0*4iV-silver 
nitrate and the precipitated mixture of silver sulphide and iodide and 
free sulphur was dried, weighed, and gently heated in an ignition 
tube. In this way it was found to contain 0*0104 g. of free sulphur. 
It represents the tetrathionate formed by direct addition of sulphur. 
The iodine used in the experiment would have liberated 0*0256 g, 
of sulphur, so that 40*6% was absorbed. In a second experiment 
using twice as much trithionate, 60*2% of the sulphur was absorbed. 

Expt B . (Theory, p. 1434.)—One c.c. of Q*05Jf-sodium thio¬ 
sulphate and 10 c.c. of 0*25A-hydrochloric acid gave a deposit of 
sulphur in 9| mins. When this mixture was neutralised by caustic 
soda after 7 mins., no precipitation of sulphur occurred either then 
or after i hour. In a second experiment, 1 c.c. of lanthanum nitrate 
solution was added after 7 mins., but no precipitate occurred until 
after 13 mins. On the other hand, neutralisation of the above 
mixture after 9 mins, caused an immediate opalescence and so also 
did addition of 1 c.c. of lanthanum nitrate solution after 9 mins. 
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When 1 c.c. of thiosulphate and 10 c.c. of 0*25iV-hydro- 
chloric acid were used, sulphur separated 5 mins, after acidification. 
Similar mixtures were neutralised with sodium hydroxide 2 mins, 
and 3 mins , after acidification. No sulphur had separated after an 
hour, but a precipitate formed when the neutralisation was effected 
after 4 or 4J mins. 

One c.c. of 0*Ilf-thiosulphate and 10 c.c. of 2* 163N-hydrochloric 
acid deposited sulphur in 4 mins. 10 secs. To a similar mixture, 
3 c.c. of 8N-caustic soda were added 3 mins, after acidification. An 
immediate opalescence was produced. This faded and disappeared 
after 2 mins. The solution was finally alkaline. One c.c. of 0*11/- 
thiosulphate and 10 c.c. of 5N -hydrochloric acid gave a deposit of 
sulphur in 15 mins. A similar mixture was carefully neutralised 
with 8A-caustic soda in presence of phenolphthalein within a few 
minutes of preparation. No immediate precipitation of sulphur 
occurred, but a faint opalescence appeared 131 mins, from the start, 
and disappeared after a further minute. A somewhat similar result 
was obtained with Q-5M -thiosulphate and 5N -hydrochloric acid. 

Expt. S. (Theory, p. 1435.)—In the following experiments 1 c.c. 
of M -thiosulphate and 10 c.c. of 10*5N-hydrochloric acid were 
mixed. (In the first experiment, 10 c.c. of 9N-acid were used.) 
The mixtures were left at room temperature for the times specified 
(in Table VI) in tightly-corked, small flasks. They were then 
titrated with 0- IN -iodine. In the first four experiments this was 
done in the concentrated mixture, without using starch and in 
presence of the precipitated sodium chloride. In the case of Expts. 
2, 3, and 4, owing to the large amount of sulphurous acid present, 
the yellow iodide-sulphur dioxide complex was formed. Addition 
of a little water towards the end of the titration broke this down 
and enabled the end-point to be determined sharply. The solutions 
were then raised to boiling point to coagulate sulphur, which was 
filtered off and weighed. The filtrate was diluted considerably 
and reheated, and sulphate present was precipitated and weighed 
as barium sulphate. This sulphate is due to oxidation of sulphurous 
acid by iodine, hut may be partly due to hydrolysis of thionic acids 
during the heating, etc. In Expt. 5 the solution was diluted with 
50 c.c. of water before being titrated with iodine. 


Table VL 


Expt. 

Time elapsed 
before titration. 

$7 10 -Iodine 
(c.c.). 

BaS0 4 (g.). 

Sulphur 
deposited (g.). 

1 

10 mins. 

12*5 

0*0714 

—— 

2 

2 hours 

12*1 

0*1082 

0*0206 

3 

21 „ 

11*1 

0*1559 

0*0290 

4 

23-5 „ 

10*7 

0*1663 

0*0326 

5 

23-5 „ 

10*2 

0*1175 

0*0242 
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In the mixture used in Expt. 1, sulphur began to appear after 11 
min. 50 see.; some was seen just before the end of the titration 
with iodine. In the other experiments, most of the sulphur 
separated during the titration (owing to the consequent dilution) 
and subsequent heating, indicating that it originated from penta- 
thionate. 

If we assume that the reduction of iodine is due to sulphurous 
acid and thiosulphurie acid (or H 2 S 4 0 5 ) only, we can make the follow¬ 
ing deductions. In Expt. 1, 63*7% of thiosulphurie acid had 
remained unchanged (as H 2 S 4 0 5 , in our opinion), and 30*6% had 
decomposed according to reaction (VIII). This assumes that all 
the barium sulphate had resulted from sulphurous acid and that no 
hydrolysis of polythionate had occurred. In Expt. 2, again assum¬ 
ing no hydrolysis of polythionate, 28*3% of thiosulphurie acid (as 
H 2 S 4 0 5 ) had remained, whilst 46*4% had decomposed according to 
reaction (VIII). 

In Expts. 3, 4, and 5 it appears that no thiosulphurie acid remained 
in the cold solution, and if that is correct, the determinations show 
that: (a) In (3), 55*5% had decomposed according to reaction 
(VIII), and none remained undecomposed. Of the polythionate 
present in the cold mixture an amount corresponding to 0*0264 g. 
of barium sulphate had been decomposed during the boiling. 

0) Iu (4) and (5), 53*5% and 51%, respectively, had decomposed 
according to reaction (VIII). In (5), the barium sulphate obtained 
was equivalent to the iodine used, showing that no hydrolysis of 
polythionate had occurred during the boiling of the diluted solution; 
but in (4), where the boiling lasted longer than in (3), polythionate 
corresponding to 0*0414 g. of barium sulphate had been decomposed. 

It should he noted that actually more thiosulphurie acid will have 
decomposed according to reaction (VIII) than is shown by the 
residual sulphurous acid, for some of the latter will have reacted 
with hydrogen sulphide, formed by reaction (IX), to yield sulphur 
(reactions 116 and 16). The amount of thiosulphurie acid which has 
reacted to form polythionate cannot therefore be obtained by de¬ 
ducting from the original amount that remaining undecomposed and 
that which has decomposed in accordance with reaction (VIII). 

JSxpt. T . (Theory, p. 1436.)—(i) An aqueous solution of methylene- 
blue was prepared containing 0*64 g. per litre (== 1/500th g.-mol. 
^i6H 18 £T 3 SCl). One c.c. of 0*1 if-sodium thiosulphate was added to 
10 c.c. of hydrochloric acid, which was either lOiV', 5N, or 2-5JV. 
With each strength of acid two mixtures were made. To one, 
24*5 c.c. of the methylene-blue solution were added, and to the other 
25*5 c.c., the mixtures being in tightly-corked flasks filled with 
carbon dioxide. In each ease, the solutions containing 24*5 c.c. 
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of methylene-blue were bleached, whilst those containing 25*5 c.c. 
retained a pale blue colour. The thiosulphate used in the experi¬ 
ment could reduce 25 c.c. of the methylene-blue solution according 
to the equation given on p. 1435. 

Another bleaching experiment was done in a slightly different 
way, using a solution which was 0*1 if with respect to thiosulphuric 
acid without any excess of other acid, obtained by mixing equal 
volumes of 0-21f-sodium thiosulphate and 0 *4 -hydrochloric acid; 
on shaking this solution with solid methylene-blue in an atmosphere 
of carbon dioxide, it was found to bleach exactly the amount 
calculated from the equation, but no more. 

0*32 G. of methylene-blue was dissolved in 100 c.c. of water and 
the solution placed in a separating funnel filled with carbon dioxide; 
2 c.c. of Jf-sodium thiosulphate were added, followed by 10 c.c. of 
2*5A-hydrochloric acid. The mixture was well shaken, and the 
colour disappeared completely in | hour; 9*84 c.c. of 2*564JV-sodium 
hydroxide were then added, this being the amount required to 
produce neutrality after due allowance for the fact that 1 mol. of 
hydrochloric acid is liberated from methylene-blue for each mol. of 
the leuco- compound produced, whilst, on the other hand, each mol. 
of tetrathionate formed corresponds to the neutralisation of 2 mols. 
of hydrochloric acid. Immediately on addition of the alkali a white, 
flocculent precipitate was thrown out, which dissolved at once in 
ether. The ethereal extract was separated and the ether distilled 
in a current of carbon dioxide, leaving the feuco-methylene-blue 
as long, colourless crystals. These do not melt, but decompose on 
heating. They slowly turn blue owing to oxidation. The leuco - 
compound is strongly basic and cannot be extracted from acid 
solution by ether, although it is freely soluble in absence of acid. 
Bemthsen (Ber., 1883, 16, 1025; Annalen, 1885, 230, 147) pre¬ 
pared it by reduction of methylene-blue with hydrosulphite (Na^O*) 
followed by ether extraction. 

Exjpt, U, (Theory, p. 1437,)—The times taken for the disappearance 
of the blue colour from mixtures of thiosulphate, hydrochloric acid, 
and methylene-blue were carefully noted, the thiosulphate being 
added last of all and the timing starting from then. These t im es 
are given (in secs.) under t in Table VII; they are the average of two 
or more concordant readings and are subject to an experimental 
error of at least 5%. The temperature was 15° throughout, and 
the same weight of methylene-blue (viz., 0*0064 g.) was used in each 
experiment. 

The total volume in each experiment was 21 c.c., 1 c.c. of N», 
0’ 5 Nm > or 0*2A-thiosulphate being added to 20 c.o. of 10N^ 5N-> 
2*5A-, T25A-, 0*625iV~, or 0*5V-hydrochloric acid cont aining the 
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methylene-blue. The resulting normalities are shown in the table. 
(In this experiment, N — \M for thiosulphate.) 

Table VII. 

Times of disappearance of colour from 0*0064 g. of methylene-blue in 
solutions containing thiosulphate and hydrochloric acid of con - 
centrations given in horizontal and vertical columns , respectively. 




Column 1. 

Column 2. 

Column i 


Cone, of 

0*0476#-H 2 S 2 O 3 . 

0*0238#-H 2 S 2 O 3 . 

0-00952#-H, 


HQ. 

t. 

t . 

t. 

a . 

9*50# 

41 

104 

450 

b. 

4*75# 

20*3 

61*4 

250 

c. 

2*38# 

21*6 

61*8 

265 

d. 

1*19# 

37 

117 

840 

e . 

0*594# 

78 

230 

1740 

/* 

0*475# 

90 

330 

2160 


The amounts of thiosulphate used in columns 1, 2, and 3 are, 
respectively, 8, 16, and 40%, since 0*0064 g. of methylene-blue has 
been shown to react with 40% of the weight of thiosulphate in 
column 3. 

Aqueous solutions of methylene-blue can be kept without change 
of concentration or behaviour for more than a year. The solutions 
in 10A T - and in 5#-hydrochloric acid, when freshly made, react 
with thiosulphate to give colourless solutions, but if they are kept 
for 3 days before mixing with thiosulphate, the reaction ceases before 
the solution is colourless, a green tint remaining. Dilute solutions 
of hydrochloric acid will dissolve only a portion of the methylene- 
blue, even although left for many days. All experiments with con¬ 
centrations lower than lOiV-hydrochloric acid were carried out by 
mixing an aqueous solution with appropriate amounts of acid just 
before the start, and usually it was found that no “ salting out ” 
of methylene-blue occurred in the short time the experiment*lasted. 
When “ salting out ” does occur, it may begin soon after the addition 
of thiosulphate, and if so the experiment must be started afresh. 

The following table gives the figures in Expts. d, e, and / (of 
Table VII) relatively to the 37-minute value for d 1 , which is taken 
as unity, on the assumption that the variations are inversely as the 
square of the thiosulphate concentrations and also as the first power 
of the hydrochloric acid concentrations. 

(1.) Theory. Ratios. (2). Theory. Ratios. (3). Theory. 
& * * (1) 3*16 4 (1) . 22*7 25 

<s. 2*108 2 (2*14) 6*75 8 (2*07) 47*0 50 

/* 2*43 2*5 (2*82) 8*93 10 (2*56) 58*3 62*5 

Expt. V. (Theory, p. 1439.)—One c.c. of 0*0628ilf-sodium form* 
aldehydesulphoxylate was added to 10 c.c. of 10A-hydrochloric acid, 
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and the times taken to bleach successive amounts of a methylene- 
blue solution containing 0*00064 g. per c.c. were noted. The 
sulphoxylate should have been able to bleach 31*4 c.c. of the methyl¬ 
ene-blue if oxidation gave sulphite alone. 

25 O.c. were bleached in 133 mins.; 27 c.c. (total) were bleached 
in 172 mins.; 29 c.c. (total) in215 mins.; 31 c.c. (total) in 285 mins.; 
33 c.c. (total) in 415 mins. The reaction was then complete. 

Ezpt. W. (Theory, p. 1443.)—Polythionic acids were formed in 
thiosulphate solutions which had been acidified under varying 
conditions. The polythionates were not estimated individually, but 
on the basis of the S/Ag 2 S ratio, as explained in Expt. G, Before 
the polythionates can be satisfactorily determined by this method, 
it is necessary to remove sulphurous acid or to render it inactive 
towards silver nitrate. In most cases this was done by boiling, 
which, unfortunately, has two undesirable effects : some poly- 
thionate is hydrolysed, and at the same time higher polythionates 
are formed at the expense of lower ones. These two effects are the 
more pronounced the greater the acidity of the solutions. 

In a few experiments formaldehyde was added (compare Kurfce- 
nacker and Bittner, Z. anorg. Ghem. t 1924,141, 297). This enables 
the polythionates to be determined directly by the silver nitrate 
method without any previous boiling. In another case, sulphur 
dioxide was removed by means of a brisk air ourrent before the silver 
nitrate reaction was carried out. 

When considered collectively, the experiments recorded in Table 
VIII show that trithionic acid is formed in the earlier stages of the 
decomposition, but that time, acidity, and boiling all tend to shift 
■ the balance in favour of pentathionic acid. 

In Table VIII the columns numbered I—IX are given by the 
following key: 

I. Normality of thiosulphate (i.e,, referred to |Na a S a O 0 ). 

II. Nature and normality of acid used (referred to 1H 3 P0 4 or 

|h 2 so 4 ). 

III. Precipitated sulphur (mg.). 

IV. Silver sulphide (mg.). 

V. Mg. of sulphur mixed with silver sulphide. 

VI, Molecular ratio, S/Ag 2 S. 

VII, Molecular ratio of trithionate to tetrathionate (taken as 100). 

VIII. „ „ „ pentathionate „ . 

IX. Ratio of sulphur, %, in polythionate to that in original 
thiosulphate. 

ExpL X . (Theory, p, 1443.)—Solutions of sulphurous acid 
hydrogen sulphide of known strength were prepared. Wtoteees of 
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Experimental 

results. 


Table VIII. 

Calculations 
from experiments. 


i 

0*5 


n. 

a- 


I 


TTT- IV. V. VI. VU. vni. IX. ObseiTations. 

121*9 147*2 9*1 0*479 108 — 20*6 Boiled for 20 mins, immediately after 

mixing. 

110*5 178*1 18*9 0*819 32 — 27*5 Left for 23 hours; then boiled for 20 

mins. 

126*7 183*5 11*5 0*485 106 — 25*8 Mixed slowly, add added in 11 stages in 

30 mins., then boiled for 20 mins. 

123*4 195*5 10*7 0*424 136 — 27*0 Mixed slowly, thiosulphate added in 

11 stages, then boiled for 20 mins. 

104*3 214*1 25*1 0*909 10 — 35*0 Acid and thiosulphate left to mix by 

diffusion for 45 hours, then boiled for 
20 mins. 

50*3 Acid and thiosulphate left to mix by 
diffusion for 214 hours, then boiled for 


93*7 333*3 32*1 0*747 34 



134*8 

46*6 

84 

1*363 — 

57 

8*25 

20 Tning. 

Boiled for 20 mins, immediately after- 

2 

133*1 

53*9 

8*3 

1*193 — 

24 

9*1 

mixing. 

Boiled for 20 mins, immediately after 

1 

O 

131*6 

52*9 

10*0 

1*465 — 

85 

9*5 

mixing. 

Left for 23 honrs; then boiled for 20 

1 

131-6 

50-8 

9*8 

1*495 —■ 

98 

9*2 

mins. 

Mixed slowly, add added In 11 stages in 

f 

A 

86*0 

235*0 

41*0 

1*352 — 

54 

41*2 

30 mins., then boiled for 20 mins. 

Add and thiosulphate left-to mix by 

§ 

88*0 

249*5 

41*7 

1*295 — 

42 

43*2 

diffusion for 45 hours, then boiled for 
20 rains. 

Acid and thiosulphate left to mix by 








diffusion for 216 hours, then boiled for 

20 Tning.. 


1 


133*6 5845 8*8 1*165 

123*4 87*5 14*6 1*324 

110*8 166*2 28*3 1*319 
129*4 71*9 10*8 1*164 


114*6 192*3 294 1*178 

2^4 

105*3 249*4 36*1 1*122 


20 { 9*8 Boiled for 20 mins, immediately after^ 
mixing. 

Left for 23 hours and then boiled for 


15*1 


■13 


6*2 124*8 40 

974 321*8 17*6 
126*5 128*6 174 
116-0 179*0 12*7 


0*243 311 
0*424 135 
1*049 — 

0*553 81 


16-3 

44*4 

21*0 

25*6 


0*1614# 65*8 31*5 2*8 0*396 152 — 


0*5 0-52#5 56*2 6*9 0*6 0*678 47*5 — 1*0 


0-33J2-9J 155*7 212*3 15*0 0*735 36 -* 


47 29*9 Mixed and left for 45 hours, then boiled 

for 20 mins. 

20 12*1 Mixed slowly, acid added in 11 stages in 

30 mins., then boiled for 20 rains, 

22 32*4 Acid and thiosulphate left to mix by 

diffusion for 45 hours, then boiled for 
20 rains. 

44 41*0 Acid and thiosulphate left to mix by , 

diffusion for 216 hours, then boiled for f 
SO min a. 

Excess of formalin added immediately 
after mixing; no b oiling, f 
Excess of formalin added after 5 hours’ 
standing; no boiling. 

Excess of formalin adcied after 23 hours’ 
standing; no boiling. 

$O t removed by brisk current of air 
bubbled through for 1J- hours directly 
after mixing; no boiling. 

4*7 Left at room temperature for 87 hours, 
then kept simmering for 1 hour. 30% 
of thiosulphate remained. The calcul¬ 
ation is for the 70% decomposed. 

Kept at about 75° for 24 hours, boiled 
for 20 mins, 64% of thiosulphate 
remained. The calculation is for the 
36% decomposed. 

Besult of a 6-hour distillation, 10 c.c, 
#-2Ta,S*0 9 with 40 c.c. 4*25#-acetio 
acid. Considerable hydrolysis with 
formation of H*S0 4 occurred. Total 
sulphur in all products estimated, good 
sulphur balance obtained. 16% of 
thiosulphate remained. The calcul¬ 
ation is for the 85% decomposed. 


* In this experiment the phosphoric add was 1*2#. 
t Theformalinstopped the reaction. Only 20% of the thiosulphate had been decomposed (iodine 
titration). The figures refer to this 20%. The iodine titration of thiosulphate in presence of 
formalin takes a considerable time (Schmidt, Ber., 1907, 40,865). P p 


*as evolved continuously. The volt^ of the Sution m 

mately constant by the slow addition of 4*25#-acetic add. P 



Table IX. 

The Interaction of Solutions of H.$O a and ELjS in Various Concentrations and Proportions, and for Various Times. 
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these in different proportions were made and kept in tightly-corked 
flasks for various times. Excess of sulphur dioxide and hydrogen 
sulphide was then removed by boiling, and the polythionic acids 
present were estimated by the silver nitrate reaction (Table IX). 

Summary . 

(1) The hydrolysis of sulphur probably occurs in accordance with 
the equation S 2 + 22^0 — H 2 S + (HG) 2 S. 

(2) Sulphoxylic acid is very unstable either in acid or in alkaline 
solution, and readily yields hydrogen sulphide and sulphurous acid. 
The mechanism of this change and its bearing on the initial step in 
the Wackenroder reaction are discussed. 

(3) The cause of the yellow colour of certain simple sulphur 
compounds is attributed to the presence of a sulphur atom with a 
ten-electron sheath. 

(4) The decomposition of hydrosulphurous acid, H 2 S 2 0 4 , is 
discussed. 

(5) The autoxidation of sulphurous acid is considered. 

(6) The main part of the paper deals with the decomposition of 
thiosulphurie acid, and it is shown that this decomposition can occur 
in three different ways. 

(7) One mode of decomposition yields hydrogen sulphide and 
tritMonie acid. This is considered to be an essential step in the 
Wackenroder reaction also, and trithionic acid is regarded as the 
primary thionic acid both in the thiosulphate decomposition and in 
the Wackenroder reaction. 

(8) The objections to the usual view that pentathionic acid is the 
primary thionic acid are dealt with. 

(9) It is shown that, in all probability, thiosulphates never de¬ 
compose directly into sulphide and sulphate, but that the sulphate 
results from trithionate formed first of all. 

(10) Experiments are recorded which suggest that the decom¬ 
position of thiosulphurie acid into sulphurous acid and sulphur is 
probably a bimolecular reaction involving a sulphur unit S 2 . 

(11) A new mode of decomposition of thiosulphurie acid into an 
anhydro-acid, H 2 S 4 0 5 , is described. The new acid reduces methyl- 
ene-blue and is thereby oxidised to tetrathionic acid. 

(12) The structural formulse of the polythionic acids and their 
behaviour on hydrolysis have been considered, and some new points 
of view put forward. 

Ukiveesity of Beading. [ Received , April 8^, 1927.] 
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CXCVIII .—The Reaction between Manganese Salts and 
Sodium Hypochlorite in the Presence of certain other 
Salts . 

By Bertram Eastwood Dixon and John Ledger White. 

From a solution of a manganese salt sodium hypochlorite pre¬ 
cipitates hydrated manganese dioxide, and, on prolonged boiling, a 
small quantity. of sodium manganate or permanganate is formed. 
If the reaction takes place in the presence of copper salts, however, 
the copper is precipitated and permanganate is the main product. 
The latter reaction was studied by Duyk (Ann. Chim . anal., 1907, 
12, 465), who gave no data, but stated that the reaction was com¬ 
plete for small quantities of manganese. Heslinga ( Chem. Weekblad , 
1922, 19, 274) used bromine water in alkaline solution in place of 
hypochlorite, and stated that the reaction was suitable for qualitative 
purposes only. 

It has been found that a small amount of sodium permanganate 
is formed even when special precautions are taken to purify both 
the manganese salt and the sodium hypochlorite, so the manganese 
dioxide itself appears to be capable of catalysing the reaction. 
When present in quantities roughly equivalent to that of the 
manganese salt, the salts of several metals, notably copper, cobalt, 
nickel, and molybdenum (as molybdate), possess the property of 
greatly increasing the amount of permanganate formed in this 
reaction, and the present communication is a study of the effect of 
variations in the conditions of the experiment on the conversion of 
manganese salt into permanganate. 

Experimental. 

Influence of Time .—Of the oxygen available from the hypo¬ 
chlorite, some is utilised in the formation of permanganate, whilst 
the bulk is evolved as gas. The relations were observed between 
time of heating, permanganate formation, and evolution of gas at a 
temperature of 100°. 

The reactants were mixed at 100° by sharply shaking a small tube, 
which contained measured amounts of manganese- and copper-salt 
solutions, and which stood normally in an upright position inside 
the reaction tube containing the hypochlorite. After being heated 
for a definite time, the reaction tube was immersed in an ice-bath, 
the volume of gas evolved was measured, and the permanganate 
estimated colorimetrically. Only at 100® is the suspension of copper 
oxide sufficiently agitated, without the use of a steer, tO Ksert a 
constant and maximum influence on the reaction. But since the 
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reaction has been chiefly studied at this temperature, no attempt 
has been made to carry out the above experiment at any other 
temperature. The results were as follows, all weights of manganese 
salts and 'permanganates being ex f pressed } both here and later , as mg. 
of MnO : ? 

Time of boiling (secs.) <10 <10 30 30 40 210 900 900 

Volume of gas (e.e.)... 5*4 5*4 10*7 9*4 11*2 21-7 43*8 45*6 

KMnO*... 0*26 0*33 0*45 0*46 0*58 0*66 0*66 0*65 

These results are shown graphically in Fig. 1, and it is evident 
that, at these concentrations, the maximum amount of permanganate 

is formed at the end of 



from this solution was treated with acid, the original pink colour 
was restored, with co-precipitation of manganese dioxide. The 
colour Was found to be due to the formation of a little manganate 
by the action of sodium hydroxide on the permanganate. 

Heslinga {be. cit.) stated that the presence of iron was prejudicial 
to the reaction, since it caused the colour of the solution to change 
to bluish-violet, probably through the formation of unstable 
potassium ferrate. It was found, however, that (1) the bluish- 
violet colour was observed when no iron was present, (2) this 
odour formed more readily as the concentration of alkali increased, 
and (3) the brown precipitate contained manganese, but no iron. 

Of the reagents usually employed to convert manganate to per- 
manganate, sodium bicarbonate was found to be the only one 
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suitable in this ease, provided that sufficient hypochlorite was also 
present. 

Extent of Reaction .—Another series of tests was carried out to 
discover how far the oxidation of the manganese to permanganate 
was quantitative, starting with different quantities of reactants. 

Approximately equivalent measured amounts of manganese and 
of cobalt or copper salt were poured into a conical flask, and the 
solution was diluted to 50 c.c. To the warm solution, 10 c.c. of 
5^-sodium hypochlorite (total alkalinity 0-1 N) were added gradually, 
the flask being shaken simultaneously, and the mixture was heated. 
After reaching brisk effervescence, the solution was boiled for 
3 minutes, a further 5 c.c. of hypochlorite were added, and the 
solution was again heated until it effervesced freely. After filtra¬ 
tion through pure asbestos, the solution was cooled, made up to 
a known volume, and estimated colorimetrically. 

I. KMnQ* calc. 0-36 0*73 1-46 2-05 2*19 2*55 

II. KMnO, formed: 

A. Using cobalt. 0*30 0*45 0*91 1*25 

0*30 0*46 0*93 
0*45 

B. Using copper. 0*73 1*33 1*64 1*62 2*21 

2*00 1*87 2*50 
2*21 2*50 
1*98 

Prom the results obtained it is seen that, when cobalt is used, 
the ratio of permanganate formed to that theoretically possible 
decreases in a regular manner as the amount of manganese salt 
used increases. In the case of copper, however, although the 
amount of permanganate formed approached the theoretical more 
closely than when cobalt was used, the results obtained were erratic. 
Occasionally, the manganese was completely converted into per¬ 
manganate, and it was noticed that this happened only when the 
standard manganese solution (in this case prepared from per¬ 
manganate) was slightly acidic. It was found impossible, however, 
to reproduce these conditions, as a very slight excess of acid over the 
alkali present in the hypochlorite caused decomposition to set in, 
whereas a deficiency of acid did not favour complete oxidation 
of manganese, 

These indications that low alkalinity is a critical factor in the 
reaction find support on theoretical grounds. Kauffmann ( u Bleich- 
laugen und Bleichverlauf,” Z. angew. Chem., 1924, 37, 384) states 
that the activity of sodium hypochlorite is due to free hypoohlorous 
acid, and that the condition of higher instability occasioned by a 
minimal alkali content is also that of enhanced activity. Again, 
assuming that it is peroxide of copper that catalyses the reaction 


2*92 3*66 4*38 

1*42 1*80 

1*44 

1*47 

2*39 3*00 3*83 
2*58 3*06 
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(and later observations seem to warrant this assumption), an 
appreciable hydroxyl-ion concentration would hasten its decom¬ 
position. 

In view of the difficulty experienced in establishing and main¬ 
taining approximate neutrality during the course of the reaction 
by means of mineral acid, use was made of the solution of the 
double carbonate of sodium and copper (Aldridge and Applebey, 
J., 1922, 121, 238), which has a very slight alkalinity. Owing to 
the buffer action of this solution, the addition of the alkaline 
hypochlorite does not appreciably alter the p R value of Jhe solution. 

2 C.c. of a solution containing 100 g. of anhydrous sodium 
carbonate and 40 g. of sodium bicarbonate per litre were warmed 
to 50°, and 3 c.c. of copper sulphate solution (containing 1 g. of 
CuO per litre) were added. Into this solution was poured quickly a 
measured quantity of manganese salt solution, the liquid shaken, 
and, before any signs of turbidity appeared, 5 c.c. of 5N -sodium 
hypochlorite were added from a burette, whilst the flask was shaken. 
The liquid was diluted to 50 c.c., . gently heated until freely effer¬ 
vescing, and then boiled for 3 minutes. Filtration through an 
asbestos-glass wool filter was followed by the addition of 1 c.c. of 
hypochlorite and 0-5 c.c. of saturated sodium bicarbonate solution. 
The solution was then cooled, made up to a known bulk, and the 
permanganate estimated colorimetrically. 

I. n. III. TV. V. VI. VII. 

Manganese salt present . 1*02 2*04 3*07 4*00 4*00 4*00 II 

Permanganate formed 1*08 2*09 3*17 4*01 3*93 4*02 5*16 

If the hypochlorite is not added immediately after the manganese 
salt has dissolved in the double sodium copper carbonate solution, 
the solution becomes turbid, and the amount of permanganate 
subsequently formed is decreased, as shown by the following 
figures (VIII—XII). 

VIII. IX. X. XI. XII. XIII. XIV. 

Manganese salt taken ...... 2*04 2*04 3*06 3*07 3*07 4*00 4*00 

Permanganate formed . 1*86 1*73 2*80 2*85 2*81 3*79 3*89 

A somewhat lower result for permanganate was also obtained if 
only 1 minute’s boiling (instead of the usual 3 minutes) was given 
after reaching the stage of free effervescence (Nos. XIII and XIV). 

When the modified procedure described above was applied to 
cobalt, considerably less permanganate was formed and appreciable 
quantities of cobalt remained in solution, rendering colorimetric 
estimation difficult, owing to the difference in tint between the 
sta*ndard ; and the sample. 

The filtrate I—VII were tested for copper. They were evapor- 
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ated to dryness and the residues were dissolved in dilute acid, any 
copper present being separated as sulphide and estimated colori- 
metrically as copper pyridine thiocyanate (Spacu, Bui. Soc. Stiinte 
Cluj , 1922, 1, 284). Only traces of copper were found, and these 
did not affect the tint of the permanganate. 

IV. V. VI. 


Mn salt taken . Nil. Nil. 4*00 4*00 4*00 13*32 

Cu salt taken (as mg. CuO)... 3*12 3*12 3*12 3*12 3*12 1*04 

Cu salt in filtrate (as mg. 

CuO). 0*03 0*01 0*08 0*08 0*06 0*03 


When sodium hypochlorite is added to the double copper carbonate 
solution alone, the solution acquires a deep yellow colour, and 
gradually deposits a btiff precipitate, which, on heating, is converted 
into a dense black precipitate. This behaviour emphasises another 
advantage of the use of the double copper carbonate in the reaction 
under study, viz., the introduction of the copper into the reaction 
mixture in a form which is soluble and not readily precipitable. It 
was found that, if the copper had once become separated as a brown 
flocculent precipitate {e.g., by the method described on p.1471, and 
in the presence of considerable alkali), the dense black precipitate 
phase did not occur, and the amount of permanganate formed was 
far from theoretical, nor could it be appreciably increased by further 
treatment of the residue. This is in agreement with the work of 
Muller {Z. anorg. Cham., 1907, 54, 417) on the formation of copper 
peroxide by the action of hypochlorite on copper oxide, who found 
that he could obtain the yellow peroxide only by the use of a clear 
blue alkaline solution of copper oxide. When a suspension of cupric 
hydroxide in alkali was used, he could not observe the formation of 
either the yellow copper peroxide or the black copper oxide phase. 
When the method described above was applied to larger amounts 
of manganese (above 8 mg. MnO), the quantity of permanganate 
formed did not reach the theoretical value (XV—XIX). 


XV, XVI, XVII. XVIII, XIX. 

Manganese taken . 13*33 13*07 13*33 13*33 13*33 

Permanganate formed *. 12*00 12*23 11*82 12*23 11*68 


It was thought that this might be due to the premature decom¬ 
position of the buffer solution by loss of carbon dioxide before the 
comparatively large quantity of manganese had been converted to 
permanganate. To retard this loss as far as possible, the experi¬ 
ments were repeated, a stream of carbon dioxide being passed 
through the solution during the heating. At the end of 3 minutes’ 
heating, and without check in the passage of the gas, a further 
10 c.c. of sodium hypochlorite were added from a burette; 
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a further 2 minutes' heating the solution was filtered, and the 
permanganate estimated as before (XX—XXIII). 


xx. xxi. xxn. xxm. 

Manganese taken .... 9*84 9*84 13-33 13-33 

Permanganate formed ............ 9-62 9*84 13*22 13-30 


By this modified method practically all the manganese was 
converted to permanganate, as in the case in which smaller quan¬ 
tities of manganese were taken. Owing to the difficulty of estimating 
colorimetrically permanganate corresponding to more than 15 mg. 
of MhO, the method was not applied to amounts greater than this. 

Reversibility of the Reaction .—When known amounts of per¬ 
manganate were heated with approximately 41 equivalent quantities 
of copper as double carbonate and with hypochlorite, no decrease 
in the amount of permanganate could be detected colorimetrically, 
and the precipitates, when tested hy the bismuthate process, 
indicated only traces of manganese. It appears, then, that the 
reverse reaction is negligible in the case of copper, although when 
cobalt is substituted for copper an appreciable amount of per¬ 
manganate is reduced. 

Ratio of Manganese to Copper. —The most effective ratio of copper 
to manganese is not so well defined as is the case with other factors, 
and varies considerably according to the circumstances. For 
moderate amounts of manganese (1—5 mg. MnO), the presence of 
the equivalent quantity of copper leads to the best results, but with 
larger amounts of manganese the presence of approximately 
equivalent quantities of copper is not favourable to complete 
precipitation of the copper. Again, a large surface area of catalyst 
results in a relatively rapid decomposition of hypochlorite without 
perceptibly hastening the permanganate formation. This would 
have the effect of rendering the curve (Fig. I) less steep, and delaying 
the attainment of the maximum value. With moderate amounts 
of manganese and very small quantities of copper, permanganate 
formation is incomplete, e.g., 4*22 mg. MnO and 0*10 mg. CuO 
yielded permanganate equivalent to 3*70 mg. MnO. The pre¬ 
cipitate was separated, washed, and heated with more hypochlorite, 
yielding a further 0-36 mg., and a third treatment of the precipitate 
gave 0*05 mg. 

Increase in the ratio of cobalt to manganese shows a marked 
tendency to decrease the-amount of permanganate formed. 

Dmii of Delicacy for De&ecMon of Manganese.— The rn fnimal 
quantity of manganese that could be detected by this method 
appeared to depend on the amount of permanganate capable of 
- 4 tisible tint: Manganese equivalent to 0-002 mg. MnO 
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was converted to the theoretical amount of permanganate. For 
this purpose only 0*5 c.c. of sodium hypochlorite and 0-2 c.c. of 
sodium copper carbonate solution were used; a larger quantity of 
hypochlorite tended to mask the permanganate colour with a 
yellowish tint. 

Mechanism of the Reaction .—It is evident that there is a pro¬ 
nounced difference between the functions of the copper oxide and 
of the cobalt oxide in this reaction : 

(1) The hydroxyl-ion concentration, which is so critical a factor 
in the case of copper, appears to be comparatively unimportant in 
the case of cobalt, although large concentrations of alkali are 
prejudicial to permanganate formation. 

(2) Other conditions being favourable, moderate amounts of 
manganese salts can be completely oxidised to permanganate in the 
presence of copper, independent of the amount of manganese 
present. When cobalt is used, however, the proportion of per¬ 
manganate formed decreases in a regular manner with increasing 
amounts of manganese. 

(3) The form and the mode of action of the precipitates of cobalt 
and copper differ in several respects. That of cobalt is flocculent, 
finely divided, and difficult to filter, and promotes copious evolution 
of oxygen from the hypochlorite throughout the reaction* The 
copper precipitate, at first flocculent, soon passes into a dense black 
residue, easily separated, and becomes considerably less active 
as regards hypochlorite decomposition after the formation of the 
permanganate has taken place, 

(4) The cobalt, when used in the form of the double sodium 
carbonate, cannot be completely separated from the solution by 
boiling, as is the case with moderate quantities of copper* 

It is suggested that the following probably represents the course 
of the main reaction, and is in agreement with the facts described in 
the foregoing pages. The first effect of the hypochlorite is to form 
copper peroxide and hydrated manganese dioxide* The oxidation 
of manganese dioxide to permanganate, which can proceed in the 
presence of manganese alone, is greatly accelerated by the copper 
peroxide, which gives up its active oxygen, possibly through the 
intermediate formation of an unstable compound of copper and 
manganese * and is reconverted to the cupric form. At this stage 

* Some evidence for the existence of such an unstable intermediate com- 
pound is afforded by the following observations. If the manganese and 
copper salts are separately wanned with hypochlorite before mixing, and the 
combined solutions heated with a further quantity of hypochlorite, th^ ambtni^ 
..of permanganate formed, is much less than that 
'hypochlorite on the mixed salts. ■ , 
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much of the hypochlorite has been decomposed, and the hydroxyl- 
ion concentration, due to the alkali which is necessarily present in 
the hypochlorite solution, becomes an important factor. The 
excess of hydroxyl ions has an inhibitive effect on the formation of 
fresh copper peroxide, and the main reaction is arrested. If, 
however, the carbonate-bicarbonate mixture is used, (i) its buffer 
action renders the influence of the alkali negligible, and (ii) owing 
to the delayed precipitation of the copper, much of the earlier part 
of the reaction takes place in the liquid phase, and the oxidation of 
the manganese proceeds to completion. 

Battersea Polytechnic. [j Received, March 28th, 1927.] 


CXCIX .—The Activation of Wood Charcoal by Pro¬ 
gressive Oxidation in Relation to Bulk Density 
and Iodine Adsorption. 

By Albert Bramah Pearce Page. 

Progressive oxidation of wood charcoal alters its sorptive 
capacity, but a systematic study of this alteration requires a stock 
material, the properties of which do not vary much from one 
charge to the next. To make a standard charcoal from a pure 
chemical compound, it may be sufficient to fix the conditions of 
carbonisation, but this is not true for wood charcoal, on account 
of the heterogeneity of wood. Accordingly, in the present work, 
the conditions of carbonisation were fixed only approximately, 
exact similarity of every quantity of charcoal taken for subsequent 
treatment being ensured in the following way. 

The wood was carbonised in the form of cubes, which were 
so small that there were a very large number in a furnace charge. 
Since these cubes were roughly mixed and the conditions of 
carbonisation fixed approximately, it is likely that the charcoal 
from the different charges was fairly uniform. Each of these 
charges of charcoal was then most thoroughly mixed with all the 
other charges according to a definite plan, thus rendering it 
extremely probable that any one portion taken for subsequent 
treatment was a representative sample. 

The standard charcoal was oxidised at various temperatures 
by a slow stream of air or of an oxygen-nitrogen mixture rich in 
nitrogen. This mode of oxidation was chosen because (a) it was 
a natural development from earlier rough experiments with crucibles 
more or less open to air; (b) it was readily controlled by varying 
the proportion of oxygen in the gas stream, and it allowed all the 
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important variables to be fixed; and (c) it seemed likely to* lead 
to the most simple series of reactions. 

The labour and time involved necessitated the examination of 
the treated charcoals by simple methods. Those chosen as being 
the most informative were the “ bulk density ” test and the deter¬ 
mination of the removal of iodine from solution in benzene. These 
two simple tests were applied to a very large number of charcoals, 
all made from the standard stock. 

Experimental. 

Preparation of Stock Charcoal —Birch wood, cut into rough 
|-ineh cubes, was carbonised in a horizontal silica tube closed 
with asbestos wool. The tube was kept in a well-lagged electric 
furnace for 4 hours, after which it was withdrawn, allowed to cool 
for about £ hour, and then unloaded. The furnace kept the interior 
of the tube at 400° in the absence of any charge. The charcoals 
obtained from 64 charges—each of which was bottled separately— 
were thoroughly mixed according to a plan which will be apparent 
from the following description for the first 8 charges. Each of 
the original charges 1, 2, 3, ... 8 was divided into 8 equal parts 
a, b, c, . . . h. Parts la and 2a were mixed, giving 1.2(a). 
Similarly the mixed parts 1.2(b), etc., and 3.4(a), 3.4(b), up to 
7.8(a), (b) . . . (h) were obtained. Then the parts 1.2(a) and 
1.2(b) were themselves mixed, giving 1.2(a.b), the corresponding 
parts from the other charges being similarly treated, Repetition 
of this process gave the four mixed charges 1.2(a.b.c . . ,h), 
3.4(a.b.c . . . h), 5.6(a.b.c . . . h), and 7.8(a.b.c , . h), which 

were now called (L2), (3.4), (5.6), and (7.8). Each of these was 
divided into 16 equal parts, which were then mixed as before to 
give, after several mixings, the two mixed charges (1.2.3.4) and 

(5.6.7.8) . Each was divided into 32 equal parts, which were then 
mixed in the same manner to give eventually the mixed charge 

(1.2.3.4.5.6.7.8) . The mixed charge (1,2.3 . . . 64), when sieved 
free from dust, was the stock charcoal, the oxidation of which 
has been studied. 

Conditions of Heat Treatment .—(i) Temperature . The temperature 
of the charcoal during heat treatment was taken as that given by 
a platinum-rhodium couple the junction of which was immediately 
over the pile of charcoal, Occasional regulation of a long and 
well-lagged wire resistance furnace prevented fluctuations of more 
than 5° from the required value. 

(ii) Atmosphere . Mixtures of oxygen and nitrogen at atmo¬ 
spheric pressure were passed at known rates over the charcoaA* 
The oxygen contents (by voL) of mixtures 1, 
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respectively, 21, 10, 2, and 0*5%, the first being air, and the other 
three being supplied in cylinders by the British Oxygen Co., Ltd. 
—these were analysed in a Bone-Wheeler apparatus. In a short 
experiment, the effect of the oxygen in the 0*5% mixture appeared 
to be negligible. There was no reason, therefore, to use pure 
nitrogen. 

The rate indicator was a sulphuric acid bubbler with a jet ground 
off square. It was protected on both sides, and the complete 
train was calibrated, yielding a curve showing the rate of delivery 
of gas in litres per hour corresponding to the number of bubbles 
per minute. The bubbler was quite suitable for the slow rate of 
0*7 litre per hour which was nearly always used. Regulation of 
the rate of mixtures 2, 3, and 4 was obtained by the main needle 
valve. This required altering every 2—4 hours. Mixture 1 (air) 
was taken under a pressure of a few inches of water from the two 
15-litre bottles A,A (Fig. 1). Rate regulation was effected by 
the cock shown, whilst the “ stabilising cock ” served as a steadying 
resistance to ensure even bubbling. The actual volume of air 
used was read from a scale on one of the bottles, which showed the 
combined contents of the bottles for various water levels. 

{iii) Time of treatment. To define the time of treatment, the 
charcoal must be both heated and cooled quickly. The long 
horizontal containing tube (Fig. 1) was carried on platforms which 
formed a trolley running beyond the furnace at either end. To 
perform an experiment, the trolley was pushed to the left (as .in 
the figure) and the cooling fan switched on. The weighed charge 
(27 g.) was loaded into the tube and pushed into a conical heap 
in the position shown. The tube was closed with water-cooled 
bungs, lubricated with glycerol, one carrying the thermo-couple, 
and the other the exit tube, which led to the trap and guard bubbler, 
and to the pump. The gas entered by a T-piece connected also to 
a closed manometer which was used in the preliminary displace¬ 
ment of air by three alternate evacuations and fillings with gas. 
The bubbling rate was adjusted and the cooling fan switched off. 
The voltage across the furnace was raised from its normal value 
to that of the main, viz., 220 volts. The trolley was pushed to 
the right, so as to bring the charcoal into the middle of the furnace. 
The annular space between the containing tube and the furnace 
was closed at both ends with asbestos wool. In about 15 minutes 
tfae current was altered to that needed to maintain the desired 
temperature. The treatment was considered to have begun when 
the temperature had risen to within 10° of that required, and to 
have ended at the moment the trolley was run back to the left 
* Mnd the cooling fan switched on. Within ,5 or 10 minutes, the 
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temperature indicated had fallen to 400°. At this temperature, 
activation is very slow. At 50° the treated charcoal was raked 
into a tared beaker and weighed. 

(iv) Other variables . Variable conditions, such as size and shape 
of charcoal particles and disposition of apparatus, affecting the 
circulation of gas among the particles, were maintained roughly 
constant. Doubtless such irregular results as were obtained were 
partly due to these variations, which would be most marked when 
but little charcoal remained unburnt. 

Examination of the Treated Charcoals .—After the selection of 
12 representative cubes, the remainder were broken up to give a 
maximum yield of particles between 10 and 20 to the inch. Each 
block was cut into ^" sections, across the grain. The charcoal 
retained by the “ 10 ” sieve after this treatment was placed a 
little at a time in a flat mortar and tapped lightly. Most of it lay 
on its end grain and so split into small cubes instead of the usual 
thin strands or powder. The charcoal which passed the “ 20 ” 
sieve was ground in a glass mortar to yield equal quantities of 
“ 100—200 ” and “ less than 200 ” charcoal. The “ 10—20 ” size, 
intended for gas adsorption, has not yet been used. The “ 100—200” 
size proved convenient for “ bulk-density ” tests. The “ less than 
200 ” size was used for sorption from solution. 

Determination of bulk density . About 6 c.c. of the “ 100—200 ” 
charcoal spread over the bottom of a flat weighing-bottle remained 
over calcium chloride in a vacuum desiccator for about 12 hours. 
It was then weighed and transferred from glazed paper by a brush 
to a narrow test-tube of 7 c.c. capacity, graduated in tenths of a 
c.c. This tube was held vertically at one end of a horizontal arm 
which was pivoted at the other end, 21|” away. The arm carried 
a pin, bearing on a cam driven at 100 r.p.m. by a shunt motor, 
and so shaped that the arm and tube were gently raised and then 
given a clear drop of 1” at every revolution. After 15 minutes, 
1500 “ taps,” the tube was removed and the “ bulk volume ” 
of the charcoal read to 0*02 c.c. after carefully levelling the surface 
by striking the tube gently at the side with the finger. The tube, 
replaced in the “ tapper,” was given a further 500 taps, and the 
volume read again. Agreement worse than 0*01 or 0*02 c.c. indicated 
incomplete drying or sieving, and hence the need for a complete 
redetermination. The weight of the charcoal (in mg.) divided by 
the bulk volume (in e.c.) gives the bulk density. 

Detmairiation of activity or sorptive capacity . The iodine used 
was purified in the usual way and tested by titration against sodium 
thiosulphate solutions standardised against pure recrystallised 
potassium dichxomate. The benzene was purified according to 
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Richards and Shipley (J. Amer. Chem . Soc 1914, 36, 1825; 1919, 
41, 2002). The solutions of iodine in benzene were estimated by 
direct titration with sodium thiosulphate in presence of aqueous 
potassium iodide. As seen by a “ daylight ” lamp, the disappear¬ 
ance of the pink colour from the benzene layer was quite sharp 
even with N /100-solutions. Fifty or 100 determinations were 
made at a time by the following method. Soft-glass test-tubes 
were cleaned, dried, numbered, and weighed, and about 0*25 g. 
of charcoal was weighed roughly into each. After drying in a 
vacuum desiccator, the tubes were quickly stoppered with com¬ 
pressed cotton wool, which was not removed until a rider adjust¬ 
ment sufficed to complete the weighing. The weighed tubes were 
placed in a numbered rack and each was drawn out. After solution 
had been added in the proportion of 100 c.c. per g. of charcoal, the 
tubes were sealed with a hand blow-pipe. After being shaken for a 
definite period, each tube was tapped so as to remove charcoal 
and solution from the tip and then put in its place in a numbered 
rack. Soon the suspended charcoal settled, the tip was cracked 
off, and the clear solution decanted and titrated. 

Nomenclature. All the treated charcoals are numbered as 
follows. First, a number expressing the temperature at which 
the charcoal was treated, e.g 500, 600 . . . 900; secondly, separ¬ 
ated from it by a stroke (/), a number, of four digits, expressing 
in litres the total volume of oxygen, at atmospheric pressure and 
room temperature, passed over the charcoal at the standard rate 
of 0*7 litre per hour, e.g., /00-01 or /12-30. Thus, a charcoal treated 
at 0*7 litre per hour for 10 hours at 600° with gas containing 2% 
of oxygen would be labelled 600/00*14. If a rate other than 0*7 
litre per hour were used, a special note is added, e.g., 500/02*38 
(14 1,/hr.). 

Properties of the Treated Charcoals .—(1) Appearance. Every 
block appeared shrunken. The following general statements may 
be made : (a) For 2 or 3 litres of oxygen or less, the charcoal was 
harder and, although still definitely black, had acquired a slight 
lustre. This was most pronounced at high temperatures. (6) For 
4 or 5 litres of oxygen or more, the charcoal seemed softer^ (c) At 
500° and 600°, the charcoal burnt away much as sticks in a bonfire 
with a large, loose, white ash. When separated from this, and 
cut or powdered, the charcoal was sooty black. The three heavily 
oxidised charcoals treated at 600°, 600/10*29, 600/14*33, and 
600/20*58, were very soft and broke up to an intensely black soot, 
(d) At 800° and 900°, the charcoal burnt away without much sep$r* 
ation of loose ash. The cubes compacted and decreased in . $£$e 
until there remained a tiny grey cube;;;this wastry 
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was sometimes removable from the tube, and must have been 
nearly all ash. The heavily oxidised charcoals were soft but not 
sooty. Those treated at 900° were noticeably flaky, (e) The 
700° charcoals seemed intermediate between those mentioned in 
(c) and (d). 

(2) Rate of sorption of iodine from benzene solution , and the ageing 
effect . In all the experiments with freshly treated charcoal the 
duration of shaki n g was 22 hours. According to Davis (J., 1907, 
91,1663), McBain {Trans. Faraday Soc 1919,14, 202), and others, 

Fig. 2. 

Rate of sorption of iodine from /10-solution in benzene by four different 

charcoals . 



adsorption should be complete in a shorter time, and absorption 
not noticeable until after a much longer time. Some peculiar 
isotherms for chancoals prepared at 600°, 700°, and 800° with little 
oxygen threw doubt on this. Accordingly, it was decided to 
detemiim the rate of sorption from ^/10-solution by the four 
typical Ghaaws3& 800/12*50, 800/01-49, 800/00*76, and 800/00*01. 
The results are plotted in Kg. 2. 

V ^odl^ction between ad- and absorption is not clear. Although 
; the order p£ figures is the same at 22 as at 150 hours’ shaking, yet 
tbs absolute values are very different. In particular, the figure for 
Charcoal 800/00 OX at 22 hours is 6% low. Evidently the /00-OJ. 
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charcoals are exceptional. The contention of Herbst that a slow 
rate of sorption is due to a high density is not upheld. Other 
factors must be more important, for the bulk densities of 800/00*01, 
/00*76, and /01*49 are about the same. McBain’s “ cleaning J> of 
the surface is possibly one such factor. There is an undoubted 
ageing effect which may account in part for the slow rate of sorption. 
It will be seen from the general tables that the sorption from N /5- 
and iV/10-solution, after shaking for 150 hours with charcoals which 
have aged, is less than that brought about by shaking for 22 hours 
with freshly treated charcoals. But this ageing effect cannot 
account entirely for the slow rate, for the sorption from N/20- 
solutions is about the same, whilst from N /50-solutions it is greater 
when brought about by shaking for 150 hours with aged charcoals 
than for 22 hours with fresh charcoals. This would probably be 
even more marked at higher dilution. The ageing effect is irregular, 
for although the individual isotherms for aged charcoals with long 
shaking are smoother than the others, yet the isotherms for a series 
of charcoals are related for the short period and unrelated for the 
long period. There is no evidence indicating the cause or nature 
of the effect. It may possibly correspond, in part, to the formation 
of a stable carbon-oxygen complex from the catalytic carbon surface 
and adsorbed oxygen (see Rideal and Wright, J., 1925,127, 1347), 

(3) Influence of the rate of passage of gas . This can be deduced 
from the general tables (for eight charcoals), but is of little interest. 
It is noteworthy, however, that, for a given percentage yield, the 
charcoals prepared with a fast gas stream are less active than those 
with a slow stream. It is possible that at the fast rate either some 
of the active carbon may be removed mechanically, or, since there 
may be more oxygen available at any instant, more of the active 
carbon formed (or freed) is burnt away or perhaps covered with a 
“ Langmuir film 55 of firmly attached oxygen. 

(4) Significance of the total amount of oxygen . It was soon found 
that the properties of charcoals treated at any one temperature 
with a gas stream of 0*7 litre per hour depended almost solely on 
the total amount of oxygen passed, and if this was kept constant^ 
they varied comparatively slightly with the joint alteration of time 
of treatment and oxygen concentration. This is shown in Table I, 

Table I. 

Activity towards IVyiO-solutions. - : 

/-----——.——~ N 

Charcoal treated Charcoal treated 
4 hours in 2% O a , 16 hours in 0-6% £ 

7*4 80 > 

■ 39*9 ; 

4*9 .,•< />• ATfl/T:?.*; 


Name of charcoal. 
400/00*06 
600/00*06 
900/00*06 
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the change in activity when the total oxygen is constant being 
within the limits of experimental error. At the same time, during 
long experiments there was probably some distillation, and the 
effect of the change of oxygen concentration from 21% in Mixture 1 
to 0*5% in Mixture 4 cannot have been entirely negligible. 

(5) Effect of temperature change and variation in the total amount 
of oxygen . The yield of charcoal treated at any one temperature 
falls off directly with increase in the total volume of oxygen passed. 
There is a tendency for it to fall less quickly when but little char- 

Fig. 3. 


Variation oj bulk density with degree of oxidation of charcoal. 



in the main tables. 

The Bulk-density Curves ,—In Pig. 3 is shown the variation of 
bulk density with oxidation at 500°, 600°, and 900°. It will be 
seen that the bulk density of charcoals treated at 500° is nearly 
constant and independent of the amount of oxygen used. That 
of charcoals treated at 600° and 900° falls off regularly with oxid¬ 
ation* With excessive oxidation the bulk density of the charcoals 
treated at 600° eventually rises after passing through a minimum. 
This rise is probably due to a very high ash content, most of the 
<^rbdn having been burnt away. Associated with it is a low 
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activity towards Nf 10-iodine solution. The irregular fluctuations 
of the bulk density of slightly oxidised charcoals are probably 
fortuitous. The curve for charcoals treated at 700° is similar 
to the 600° curve. The 800° curve flattens at the highest degree 
of oxidation used and would probably rise with further oxidation. 

Sorption of Iodine from Benzene Solution. 

(i) The “ Freundlich ” Constants .—To characterise the activity 
of each treated charcoal, adsorption isotherms have been obtained 


Fig. 4. 

Typical logarithmic adsorption isotherms for charcoals treated at 000°. 



with iodine in benzene solution. The concentrations used were 
N/6, N/ 10, N/ 20, JV/50, and N/100 with 22 hours’ shaking, aud 
N/5, N/10, iV/20, and N/ 50 with 150 hours’ shaking. The con¬ 
centration in the solid phase, C s , is expressed in terms of c.c. -of 
N /100-solution containing the iodine adsorbed per g. of charcoal; 
and that in the liquid phase, Ci, is similarly expressed per 100 c.c, 
of solution. No account has been taken of the removal of the 
benzene by the charcoal. Curves were drawn showing the change 
°f 'logy Car with log 10 G L for each charcoal. Most of tkesecuKges 
are fair straight lines, and from them : ikye-l»eB^ 
constants in the Treundlieh equation 
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concentration in the solid phase when that in the liquid is equal 
to unity, and Ijn the slope of the line. The three curves in Fig. 4 
are representative of those obtained from experiments with 22 hours’ 
shaking. With 160 hours’ shaking, there was, on the whole, con¬ 
siderably closer approximation to the straight line. The curve for 
charcoal 600/00*01 is an extreme example of the curvilinear form 
obtained with very slightly oxidised charcoals treated at tem¬ 
peratures belo^p 860°. Most of the charcoals treated at 600° give 
similar curves. The other two curves are fair samples of the bulk; 
that of charcoal 600/02*35 is the first of the 600° curves from which 
constants have been calculated. 

The interpretation of the changes in these constants (k and 
l/n) depends, in the first place, on the following considerations. 
For any one isotherm, l/n is a characteristic constant and depends 
only on the ratio of the units chosen for C$ and for Ci. Its variation, 
from one isotherm to another, is not even dependent on the par¬ 
ticular value of this ratio, provided this is kept constant. On the 
other hand, k depends on the magnitude of the units chosen. 
Further, since two isotherms will cross each other at concentrations 
higher or lower than C L = one unit, according to the magnitude of 
the unit, therefore the relative value of k for the two isotherms 
will also change. Now C L is expressed in very small units, so that 
it happens that the crossing point of most of the isotherms is at 
liquid concentrations higher-than C L = 1 . (This can be seen by 
plotting, and follows also from the reciprocal variation of the 
constants from one isotherm to another, which is most marked— 
see curves in Fig. 5.) Hence a change in the value of A, accom¬ 
panied as it is by a reciprocal change in the value of l/n } actually 
indicates a change in sorption at low concentrations, whilst the 
magnitude of l/n indicates the extent to which the sorption falls 
off at higher concentrations compared with simple proportionality, 

(ii) Variation of the Constants with Temperature and Total Amount 
of Oxygen. —For 22 hours’ shaking, the variation of k and 1 fn with 
the volume of oxygen passed over the charcoal at 600°, 700°, 800°, 
860°, and 900° is shown by the curves in Fig. 5. The scales of 
plotting are, of course, arbitrary; therefore, the maxima and 
minima and the points of inflexion are the only characteristic 
features. The curves for 600° are traced no nearer to the zero 
oxygen axis than 2*35 litres of oxygen, because the shape of the 
isotherms of the less oxidised charcoals did not permit the evaluation 
of the constants. The values for the slightly oxidised charcoals 
at j700° and 800° are from lines on the logarithmic graphs drawn 
thrbi^h points derived from measurements with Nf 5 -, iV/10-, and 
if/2^-solutions, the experiments in which the shaking was pro-* 
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longed to 150 hours having shown that the systems with the more 
dilute solutions were probably far short of equilibrium. Very few 
of the 500° charcoals give isotherms from which constants can be 
calculated even after the long period of shaking. This slowness 
in at taining equilibrium was one of the important points brought 
out by the experiments with long shaking. The other was the clear 
demonstration of the ageing effect. Unfortunately, as previously 

Fig. 5. 


Change, of FrcundMch, constants with degree of oxidation of charcoal. 



mentioned, the irregularity of this effect has concealed the relations 
of the constants obtained from these experiments with 150 hours’ 
shaking. 

The reciprocity of the h and 1 jn curves shows, as already stated, 
that, in general, the isotherms cross one another at concentrations 
higher than Cl = 1, i.e., higher than 0 L = O-OOOUV. On com¬ 
paring ah the isotherms, many orossingpoints wiUbefoundbsfeween 
Gl — 0-00021V and 0*19&V, i.e,, within the range which mcludi& 
JV/10-, N/ 20-, and V/50-solutions, one of whioh is fj^ueBtly a^ 
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for determining activity (compare Ruff, Z. angew. Ohem., 1925, 
38, 1164; Berl and Wachendorff, Koll. Z.> Special No., April, 
1925, pp. 36—40). Prom this it follows that determinations of 
activity made at only one concentration are, in general, misleading. 

The curves obtained by plotting k and 1/n as ordinates against 
volumes of oxygen as abscissae are steepest near the zero oxygen 
axis. There is a family resemblance between the curves at the 
five temperatures. On the zero oxygen axis, the highest value of 
k is probably at 600°, as indicated by the dotted line suggested for 
the shape of the 600° curve over the range where no figures are 
obtainable. From 600° the initial value of k decreases continuously 
with temperature to a very low value at 900°. The subsequent 
fall of k with increasing value of oxygen also varies with tem¬ 
perature in the same sense from 600° to 850° inclusive. At 850°, 
the fall is small, whilst at 900° it is non-existent; k , at that tem¬ 
perature, increases continuously with the volume of oxygen from 
its very low initial value to about the same as that attained by the 
800° curve. This continuous increase in k, which forms the whole 
curve at 900°, corresponds to the only clearly marked feature of 
the curves at the other temperatures after the initial fall in the k 
values has been passed. The curves at 700° and 800° certainly 
have a more complicated form, but it cannot be decided whether 
this is due chiefly to experimental error or not. It is rather remark¬ 
able that these derived curves, expressing the properties of so 
variable a substance as charcoal, should show resemblances as clearly 
as they do. The 1/n curves exhibit somewhat similar resemblances. 

The extent of the variation of 1/n is surprising when it is recalled 
that the charcoals which show it have all been prepared from the 
same stock charcoal; for the magnitude of 1 jn expresses, as already 
stated, the extent to which sorption falls away at high concentrations 
from simple proportionality, and must indicate a change in type 
or disposition of surface rather than the mere enlargement which 
might be expected to result from progressive oxidation. 

Strictly, since k and 1/n are characteristic of the whole system 
and not of the charcoal alone, it is difficult to interpret their changes 
in terms of changes in the charcoal, (It may be recalled that 
Firth, Trans . Famday Sqc.> 1921,18,434, found that the constants 
for the system iodine-&m:ene-charcoal differed from those for the 
system iodine-cMoro/orm-charcoal.) Besides this difficulty, there 
is the solvent correction, which is uncertain, although of little 
importance at the low concentrations used. If, however, the 
constants k and 1/n are conceded to be relatively characteristic of 
. oharcoal, then the following suggestions may be put forward 
fftfr account for their variation 
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Theory of the Variation of the Freundiich Constants .—The changes 
from one charcoal to another, which may be responsible for the 
observed variation of h and l/n, will first be considered. Since 
the solution wets the charcoal there must be a definite attraction 
between the two. Further, the equilibrium concentration of iodine 
in the bulk of the solution is less than that at the solution-charcoal 
interface; hence, there is a decrease of surface energy accom¬ 
panying adsorption, and more energy is liberated in the adsorption 
of iodine by the charcoal than in the adsorption of benzene. This 
will hold whatever be the mechanism of the adsorption, whether 
the attracting field of force above the charcoal surface is uniformly 
distributed over the surface or localised at active spots, whether 
it extends for only one molecular diameter or for many, or whether 
it varies so that in effect only every x atoms of carbon can attract 
one adsorbed molecule. An increase of available surface per gram 
of charcoal would merely increase the value of h. 

A change in the value of l/n would entail either (i) a change 
in the field of force, involving the creation of, or an alteration in, 
an interference effect between the adsorbed molecules; or (ii) a 
change in the relative importance of two or more types of attraction. 

It is easy to see that (i) might be brought about either by a' 
molecular rearrangement of the surface producing a change in the 
closeness of packing of the adsorbed molecules or by a change in 
the disposition of the available surface producing locally, according 
to the size and shape of the capillaries, a change in the closeness of 
packing. 

Since adsorption depends on the specific attraction of the carbon 
in charcoal, it follows that if there is more than one type of carbon, 
as Chaney assumed (i.e.J presumably, more than one type of crystal 
lattice), then a change in the proportions of these types would 
bring about change (ii) above. 

Rideal and Wright (loc. ciL) distinguish three types of surface, 
and it may be that investigation of the charcoals on the lines of 
their method would have furnished a satisfactory characterisation* 
The attempt, however, has been made to interpret the results 
obtained in the present investigation on the basis of change (i) 
above. 

A brief summary of the variations of k and l/n is of use in con¬ 
sidering the corresponding variations in the charcoal: (i) l/n 
varies from one charcoal to another; (ii) k and l/n vary reciproc¬ 
ally, as a rule; (iii) k and l/n always vary simultaneously; (iv) the 
k and l/n curves for 600°, 700°, 800°, and 850° charcoals can moft 
readily be built up from simple curves of two quantities, onrp 
which decreases, whilst the other increases with 
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bulk density decreases with oxidation, except that with excessive 
oxidation it has been shown for charcoals prepared at 600° and 
700° to increase again after passing through a minimum. Philip, 
Dunnill, and Workman (Zoo. cit.), and others, have correlated bulk 
density with activity, and have suggested that with decrease of 
bulk density there is an increase of available surface which accounts 
for the observed increase in activity. This view seems reasonable, 
and is further supported by the present work if we exclude for the 
moment those charcoals prepared with very little oxygen, i.e., less 
than 1 or 2 litres, at temperatures below 900°. In particular, the 
view is supported by the decreasing sorption (from N /10-solution *) 
which accompanies increasing bulk density of the most highly 
oxidised charcoals prepared at 600° and 700°. If this view is 
accepted, then both the increase of k and the decrease of l/n receive 
a reasonable explanation. We have only to picture, along with 
the increase of the extent of surface, a change in the disposition 
which would increase the packing effect. This packing effect would 
obviously be more important at high than at low concentrations, 
so its increase would lead to a decrease of l/n. It is easy to see 
that if the oxidation increased the surface by rendering more and 
more capillaries available, then in these capillaries a packing effect 
would not be unlikely. 

In seeking a quantity likely to decrease with oxidation, in order 
to suggest a change in the charcoal responsible for the changes in 
the first part of the k and 1 [n curves, the rapidity of these changes 
must be borne in mind. The quantity must alter so as to bring 
about a large change at 600° and 700°, a smaller change at 800° 
and 850°, and none at all at 900°; further, its alteration must 
bring about these changes over a range of oxidation, over which 
other quantities, such as bulk density and yield, vary very little. 
It is suggested that this quantity must be the effective number of 
attracting centres per unit of surface. It may also be described as 
a particular configuration of the surface giving in effect a large 
number of active centres, and may correspond to what Chaney 
describes as a particular modification of carbon in an “active ” 
state. We may readily imagine that this quantity would have 
quite different values, initially, at different temperatures, as is 
required, varying from a low value or zero at 900° to a maximum 
at 606°. It is not difficult to see that the effect of oxidation might 
well be to decrease this quantity rapidly, either by the removal of 
the active centres (or the “ active carbon ”) or by the formation 
of a firm “Langmuir adsorption compound.” Since the bulk 

* There was not sufficient charcoal left after oxidation to determine the 
sorption from solutions of other concentrations. 
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density of the unoxidised charcoals is high, therefore the available 
surface is probably small, so that the large number of active centres 
involves a large number of these centres per unit area, and there¬ 
fore favours a large packing effect, giving a low value of 1/n and 
a high value of k. The rapid decrease in the number of active 
centres with oxidation causes a corresponding decrease in k and 
increase in 1 jn. 


Iodine in benzene solution: 22 hours ’ shaking. 
Percentage change in normality at various concentrations. 


Charcoal 

Bulk 

Yield, 






No. 

density. 

%• 

N/100. 

N/5 0. 

N120. 

N/10. 

N/5. 

500/00*01 

302 

76-6 

44*2 

— 

— 

23*8 

14*7 

500/00*25 

299 

76*4 

— 

— 

— 

26*6 

15*5 

500/00*46 

296 

76*4 

41*5 

— 

— 

27*0 

15*8 

500/01*13 

309 

74*9 

— 

— 

.— 

27*4 

— 

500/01*83 

295 

73*8 

—. 

— 

•— 

26*2 

15*8 

500/02*14 

298 

74*5 

33*9 

— 

— 

26*9 

15*4 

500/03*76 

296 

69*4 

43*3 

.— 


29*9 

16*0 

500/05*46 

297 

66*0 

44*8 

— 

— 

32*0 

17*1 

500/09*01 

296 

60-8 

49*8 

— 

— 

31-8 

17*3 

500/10*33 

292 

56*7 

— 

— 


20*5 

16*5 

500/12*50 

294 

53*0 

55*6 

— 

_ 

30*6 


500/16*34 

293 

47*0 

— 

— 

__ 

27*6 

16*7 

500/23*63 

285 

31*2 

66*1 

,— 

— 

28*4 

18*2 

500/31*16 

294 

16*7 

77*2 

— 

— 

29*3 

17*4 

600/00*01 

322 

74*1 

51*1 

56*5 

46*4 

38*9 

21*6 

600/00*06 

325 

82*6 

55*4 

— 

— 

39*9 


*600/00*06 

322 

73*9 

— 

_ 


40*0 

2bS 

600/00*22 

326 

71*9 

—. 

63*2 

—— 

41*2 

23*4 

600/00*28 

321 

73*9 

58*9 

61*2 

48*8 

41-0 


600/00*42 

316 

73*9 

— 

— 

_ 

41*2 

*_ 

600/00*59 

310 

71*9 

67*5 

72*5 

_ 

41*3 

—- 

600/01*40 

306 

68*9 

73*6 

74*1 

55*4 

40*2 

22*5 

600/02*35 

302 

68*5 

74*0 

63*2 

43*3 

34*2 

20*5 

600/03*53 

296 

66*0 

85*4 

69*8 

47*0 

32*5 

20*0 

600/10*29 

248 

61*4 

94*8 

79*5 

48*0 

32*5 

18*7 

600/14*33 

208 

40*4 

96*95 

84*4 

52*2 

33*9 

20*4 

600/20*58 

138 

24*8 

96*6 

84*0 

54*3 

36*6 

21*2 

600/25*87 

174 

15*9 

—i 

— 

53*7 

33*0 

t600/05*88 

1600/11*76 

309 

298 

66*0 

50*4 




25*0 

27*2 

*** 

700/00*01 

— 

72*3 

_ 

86*2 

67*7 

41*0 

23*8 

700/00*20 

320 

70*7 

96*8 

82*5 

63*6 

40*4 

27*6 

700/00*39 

337 

71*9 

— 

77*0 

58*7 

43*9 

27*6 

700/00*92 

324 

70*5 

94*8 

78*3 

61*0 

41*8 

25*8 

700/01*74 

316 

68*9 

96*5 

74*3 

54*7 

34*7 

23*4 

700/02*14 

308 

67*0 

— 

77*4 

52*7 

33*5 

21*7 

700/04*22 

289 

61*5 

98*1 

79*0 

50*4 

34*2 

21*6 

700/09*49 

266 

47*4 

98*4 

84*6 

55*2 

35*9 

23*2 

700/12*39 

236 

37*4 


. 


39*6 

23*5 

700/18*14 

206 

26*3 

98*5 

86*0 

5fr8 

41*2 

26*2 

700/21*06 

199 

17*8 

97*3 

86*5 

58*2 

42*0 

26*1 

700/25*33 

237 

4*1 

. 


*■ iftfK* > 

34*2 


* 16 Hours. f 7 Litres per hour. J 14 Litres per \ 
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Charcoal 

No. 

Bulk 

density. 

Yield, 

%* 

NjlOO. 

JV/50. 

N/2 0. 

Nl 10. 

AT/5. 

800/00:01 

333 

68*9 

59*0 

58*7 

43*9 

31*7 

18*2 

800/00*11 

315 

67*8 

— 

'— 

— 

33*6 

— 

800/00*21 

313 

66*7 

95*4 

— 

— 

33*7 

21*1 

800/00*35 

310 

63*4 

95*6 

82*2 

52*4 

35*4 

21*4 

800/00-76 

331 

67*0 

84*9 

76*5 

54*2 

41*0 

23*2 

800/01*13 

325 

65*2 

— 

74*8 

52*0 

38*4 

22*8 

800/01-49 

318 

63-0 

96*6 

84*2 

52*7 

34*0 

20*5 

800/02*77 

293 

58*2 

. 97*6 

87*6 

56*6 

33*8 

22*3 

800/03*57 

>286 

53*8 

97*7 

88*4 

59*2 

39*0 

24*7 

800/06*91 

256 

39*6 

— 

90*2 

63*2 

42*2 

26*6 

800/08*84 

240 

32*2 

97*6 

90*0 

61*4 

43*0 

25*9 

800/12*50 

216 

17*4 

97*6 

90*8 

66*4 

45*8 

— 

800/15*48 

210 

10*7 

97*8 

90*7 

66*5 

46*1 

30*0 

850/00*01 

330 

72*2 

_ 

— 

47*3 

26*6* 

20*4 

850/00*09 

321 

65*6 

78*2 

— 

38*2 

30*5 

18*4 

850/00-59 

310 

62*2 

— 

61*3 

41*2 

29*2 

19*1 

850/03*05 

291 

54*5 

97*2 

— 

56*0 

36*4 

23*1 

850/04*45 

275 

45*6 

97*3 

— 

57*0 

38*1 

23*9 

850/05*67 

266 

41*9 

97*1 

— 

58*9 

38*9 

— 

900/00-01 

330 

70*5 

16*1 

11 *5 

— 

4*8 

3*3 

900/00*06 

327 

71*5 

— 

— ■ 

— 

4*9 

— 

+900/00*06 

328 

71*1 

— 

— 

9*9 

5*6 

— 

900/00*22 

326 

68*2 

26*3 

22*6 

17*7 

9*6 

7*0 

900/00*28 

334 

70*0 

— 

— 

— 

10*0 

— 

900/00*59 

319 

68*5 

45*1 

36*7 

18*9 

12*2 

—- 

900/01-03 

316 

66*0 

72*3 

58*4 

35*1 

22*7 

12*9 

900/02*35 

296 

60*0 

88*0 

71*1 

41*6 

28*2 

16*3 

900/03*52 

292 

53*8 

93*0 

79*0 

49*0 

32*5 

19*8 

900/05*88 

279 

41*2 

93*9 

— 

56*7 

37*8 

26*5 

900/10*29 

254 

29*6 

97*9 

90*8 

62*7 

41*2 

25*2 

900/14*70 

210 

14*1 

98*0 

93*6 

68*6 

43*2 

29*1 

1900/06*88 

296 

48*9 

— 

— 

— 

27*5 

— 

§900/11*76 

276 

31*1 

— 

— 

— 

34*8 

— 


* JV/8-solution. j* 16 Hours. % 7 Litres per hour. § 14 Litres per hour. 


It must be a dmit ted that the evidence for these changes from 
one charcoal to another with oxidation is not decisive. Further 
work is needed which should be sufficiently accurate to permit an 
examination of the k and 1 jn curves in detail—an examination not 
warranted by the accuracy of the present work, which has, however, 
fixed the general shape of the curves with considerable certainty. 

Summary. 

A large quantity of wood charcoal has been prepared and mixed 
so as to give a substantially uniform product. 

Some 80 samples have been oxidised by oxygen-nitrogen mixtures 
under regulated conditions. The following properties of the 
■oxidised charcoals have been determined: Appearance, bulk 
density, percentage yield, sorptive capacity for iodine in benzene 
solution, and rate of sorption. 

Sorption isotherms have been determined for 22 and for 150 



OXIDATION IN RELATION TO BULK DENSITY, ETC. 


1403 


Iodine in benzene solution; 150 hours' shaking. 
Percentage change in normality at various concentrations. 


Charcoal 

No. N/5 0. 
500/00*01 49*4 
500/00-25 47-1 
500/01*13 43*7 
500/02*14 44*2 
500/07*01 48*6 
500/12*50 — 

500/23*63 58*1 

600/00*01 74*2 
600/00*06 77-5 
600/00*59 80*0 
600/01*40 70*9 
600/02*35 69*0 
600/03*53 75*5 
600/10*29 76*4 
600/14*33 80*8 
600/20*58 80*3 

700/00*01 91*4 
700/00*39 82*7 
700/00*92 79*8 
700/01*74 81*0 
700/02*14 81*9 
700/04*22 81*5 
700/09*49 84*6 


ivy 20 . 

N/10. 

N/5. 

36*6 

26*7 

16*4 

34*8 

26*1 

16*7 

33;9 

25*9 

16*5 

36*6 

27*6 

17*8 

40*3 

29*2 

18*6 

38*9 

29*5 

17*7 

39*7 

27*7 

18*5 

60*2 

35*1 

19*7 

56*4 

36*8 

20*5 

57*2 

37*0 

20*7 

55*4 

35*6 

20*5 

41*5 

31*5 

18*3 

46*8 

30*7 

18*4 

— 

29*7 

17*1 

51*5 

32*6 

20*8 

51*7 

34*0 

21*4 

59*6 

38*2 

21*3 

62*5 

39*5 

22*9 

59*1 

36*9 

21*8 

53*9 

33*6 

20*0 

51*3 

32*7 

19*6 

52*1 

33*5 

20*7 

55*9 

36*4 

23*2 


Charcoal 
No. N/50. 
700/12*39 85*6 
700/18*14 85*7 

800/00*01 61*6 
800/00*35 83*3 
800/00*76 79*4 
800/01*13 75*5 
800/01*49 70*9 
800/02*77 85*5 
800/03*57 84*9 
800/06*91 — 

800/15*48 88*1 

850/00*01 72*3 
850/00*09 61*8 
850/00*59 69*6 
850/03*05 85*4 
850/04*45 84*8 

900/00*01 14*8 

900/00*59 33*0 
900/01*03 55*2 
900/03*52 72*5 
900/05*88 79*1 
900/10*29 89*7 


N/2 0. 

N/10. 

N/5. 

57*2 

38*2 

23*8 

58*0 

40*2 

25*5 

47*8 

29*4 

19*5 

52*7 

33*2 

20*3 

55 -4 

36*4 

21*3 

51*4 

34*3 

20*3 

51*6 

33*1 

19*2 

56*7 

37*7 

23*9 

57*8 

38*7 

24*9 

63*9 

43*5 

29*0 

68*3 

46*7 

31*7 

59*3 

39*6 

22*5 

39*4 

26*3 

17*5 

40*9 

30*7 

17*5 

58*7 

39*7 

26*0 

57*8 

39*1 

25*5 

8*6 

5*8 

3*8 

19*8 

13*2 

8*9 

33*2 

22*1 

14*0 

45*0 

30*4 

20*3 

52*3 

36*1 

22*1 

61*4 

42*0 

27*6 


Adsorption of iodine from benzene solution . 


Freundlich constants. 



22 hours 1 

150 hours 1 


shaking. 

shaking. 

Charcoal 



r - * 

-s 

No. 

l/». 

k. 

1 \n. 

7c. 

600/00*01 

— 

— 

0*126 

156 

600/00*06 

— 

— 

0*187 

108 

600/00*59 

— 

— 

0*182 

112 

600/01*40 

— 

— 

0*197 

97*7 

600/02*35 

0*420 

20-3 

0*328 

34*3 

600/03*53 

0*332 

36*3 

0*259 

55*0 

600/10*29 

0*240 

64-3 

0*250 

53*9 

600/14*33 

0*235 

73*3 

0*251 

64*1 

600 / 20-58 

0*238 

74*3 

0*263 

61*4 

700/00*01 

0*150 

158 

0*172 

124 

700/00*20 

0*296 

63*5 

— 

— 

700/00*39 

0*324 

53*3 

0*191 

115 

700/00*92 

0*332 

50*0 

0-189 

108 

700/01*74 

0*296 

53*1 

0*215 

82*0 

700/02*14 

0*282 

54*3 

0*221 

75*7 

700/04*22 

0*270 

58*9 

0*242 

69*3 

700/09*49 

0*256 

69*8 

0*257 

69*6 

700/12*39 

' — 

— - , 

0*257 

72*9 

700/18*14 

0*293 

63*4 

0*283 

65*8 

700/21-06 

0*295 

62*7 

— 

— - 

800/00*01 

— . 

—- 

0*268 

52*0 

800/00*35 

0*261 

63*8 

0*227 

75*9 

800/00*76 

0*328 

46*0 

0*220 

86*1 



22 hours’ 

150 hours’ 


shaking. 

shaking. 

Charcoal 

r .-— -A 

— 

- 


No. 

1/tt. 

h. 

1/n. 

k . 

800/01*13 

0*333 

42*3 

0*239 

71*0 

800/01*49 

0*237 

73*3 

0*218 

79*4 

800/02*77 

0*231 

80*9 

0-255 

73*5 

800/03*57 

0*240 

81-3 

0*274 

66*1 

800/06*91 

0*249 

85*7 

0*288 

72*9 

800/08*84 

0*260 

80*2 

— 

— 

800/12*50 

0*281 

79*1 

— 

—, 

800/15*48 

0*279 

79*4 

0*314 

66*5 

850/00*01 

0*298 

44*1 

0*208 

100 

850/00*09 

0*384 

22*6 

0*340 

28*1 

850/00*59 

0*372 

25-2 

0*309 

37*3 

850/03*05 

0*250 

74*1 

0*283 

86*6 

850/04*45 

0*252 

74*5 

0*283 

63*8 

850/05*67 

0*254 

75*5 

— 

— 

900/00*01 

0*444 

2-28 0*396 

3*85 

900/00*22 

0*411 

6-31 

'■ ■. 

. 

900/00*59 

0*355 

11*0 

0*377 

10*3 

900/01*03 

0*300 

29*2 

0*350 

21*0 

900/02*35 

0*265 

46*6 

— . 

■— 

900/03*52 

0*260 

57*7 

0*310 

40*1 

900/05*88 

0*255 

70*0 

0*292 

53*0 

900/10*29 

0*246 

85*3 

0*267 

77*3 

900/14*70 

0*253 

90*9 

, 




1494 


GEEGG : 


hours* sha king for each oxidised charcoal over a range of con¬ 
centration from iV/100- to N/5-iodine in benzene. 

An ageing effect has been observed. 

The isotherms are mostly parabolic. Their Freundlieh constants 
have been plotted against degree of oxidation of the charcoal for 
five different temperatures. A study of these curves has led to 
suggestions explaining the changes in the charcoal with progressive 
oxidation. These suggestions are based on the views of Philip, 
Dunnill, and Workman, and of Chaney. 

I wish to thank Professor J. C. Philip, F.R.S., for suggesting the 
research, and for his subsequent help and encouragement. 

Imperial College of Science and Technology, 

South Kensington, S.W. 7. [Received, April 4 th , 1927,] 


CC ,—The Heat of Adsorption of Oases by Charcoal . 

By Sidney John Gregg, 

An examination of the literature dealing with the theories of the 
adsorption of gases by charcoal showed that one particular experi¬ 
mental quantity—the heat of adsorption—is especially important 
in testing them; and since the relevant data are very scanty, the 
following series of experiments was undertaken in order to measure 
this quantity, together with the more usual ones, equilibrium pressure 
and amount adsorbed. Measurements were therefore carried out 
atO° with the aid of a Bunsen ice calorimeter, and also at 40° using 
the same calorimeter filled with phenol instead of ice. The 
adsorption of eight different gases on a standard charcoal was studied, 
and also the adsorption of a given gas. on several different charcoals. 

Experimental. 

The apparatus (Fig, 1) consists of two main parts, the gas burette, 
B, and the adsorption system, A, sealed together and mounted on a 
board, which can slide vertically, thus allowing the charcoal tube, 
Gh, to be lowered into the calorimeter. 

The gas burette is a modification of that used in the Bone- 
Wheeler gas-analysis apparatus. The gas to be measured is drawn 
from the reservoir, Y, where it is stored over mercury, into the shorter 
limb of the burette via the three-way tap, T. Since a Torricellian 
vacuum (produced by previous sweeping out of the air) exists above 
the mercury in the longer limb, the pressure of the gas in the shorter 
; limb is given directly by the difference of mercury levels in the two 
* limbs. The volume of the gas is known from the calibration figures 
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for the shorter limb, and its temperature is also known, so that the 
quantity of gas can be calculated. It can then be admitted to the 
adsorption system by means of the tap T. 

The adsorption system consists of an ordinary open tube mano¬ 
meter, M, a McLeod gauge, G, and the charcoal tube, which is joined 
to the rest of the apparatus by a ground glass joint, The McLeod 
gauge is joined to its mercury reservoir, R/, by an all-glass connexion, 
the raising or lowering of the mercury levels in this case, as also with 


Fig. I. 



The ice calorimeter is of the usual type, but is fitted with an outer 
jacket which can be evacuated by means of a Langmuir pump. A 
simple Geissler tube connected with this jacket gives a ready means 
of testing the vacuum from time to time, and whenever this falls 
much below X-ray hardness, the jacket must be re-evacuated. 
This jacket, in conjunction with a very large and amply lagged batb 
of ice (diameter, 14 inches; depth, 18 inches) from whMi the water 
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was frequently siphoned off, made it possible normally to obtain a 
leak of only 0*02 or 0*03 calorie per hour, though on occasions it rose 
much higher than this. 

The desirability of measuring the heat of adsorption at a tem¬ 
perature other than 0°, led to the attempt to use other working 
substances in the Bunsen calorimeter. Owing to the difficulty of 
keeping a thermostat sufficiently constant at the m. p. of anethole 
(19*5°), this substance was not satisfactory (compare Grassi, Atti R. 
Accad . Lined, 1913, 22,1, 304), but ultimately phenol was found to 
be a fairly suitable substitute. Bor accurate working, the normal heat 
leaks from the surro undin gs of the calorimeter should be constant 
enough to produce a small and steady creep of the mercury meniscus 
in the capillary in one direction; actually, it was found that a bath 
showing no variation on a Beckmann thermometer still gave 
unsteady heat leaks, and even in the best cases the mercury 
meniscus oscillated in the capillary over a range of some 0*6 cm., so 
that the readings are always uncertain to at least this extent. This 
is, unfortunately, an appreciable fraction of the movement due to 
the heat of adsorption itself, which was usually of the order of 10 cm. 
at each reading. In order to achieve even this degree of success, it 
was necessary to have very rapid stirring of the bath, to employ a 
large thermo-regulator, and to cover the top of the bath to minimise 
irregular evaporation. 

Calibration of the Calorimeters .—The standard figure 1 cal. EE 
0*001132 e.c. was adopted for the ice calorimeter. The phenol 
calorimeter was calibrated by an electrical method, a known 
quantity of electrical energy being passed through a heating coil 
immersed in mercury, contained in the reaction tube of the 
calorimeter. The coil was of nichrome wire, welded on to copper 
leads, and was rendered insulating by momentary heating in a 
Bunsen flame, whereby a coating was formed on it such that on 
immersion in mercury it suffered no reduction in resistance. A 
voltmeter was connected across the terminals, and a known current 
; passed for a definite period, the change in volume of the phenol 
being read on the capillary. A mean of several determinations gave 
1 cal. EE 0*00169 Az 0*00002 e.c. Finally, the temperature of 
operation was found to be 40*35° by immersing a standard thermo¬ 
meter in mercury contained in the reaction tube. 

Charcoals.—A stock of charcoal was prepared by heating small 
cubes of birch wood in a large silica test tube in an electric furnace 
for 4 hours at about 400°. Four different samples were then 
prepared by activating separate charges of the stock at different 
. temperatures in a very slow stream of nitrogen (containing 0*5% of 
oxygen). Details of these are : 
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Charcoal No.' . I II III IV 

Time of activation (hrs.). .‘3 4 4 3 

Temp, of activation. 600° 800° 500° 450° 


Manipulation .—The charcoal was dried in a vacuum desiccator 
for 5 hours, and 3—5 g. were accurately weighed into the charcoal 
tube, which was then placed in position on the adsorption apparatus 
and surrounded by an electric furnace. The charcoal was then 
evacuated by a mercury condensation pump for 24 hours, its 
temperature being maintained at 400°, as read by a pyrometer whose 
junction was in contact with the bottom of the charcoal tube. At 
the end of this time the pressure was of the order 0*0001 mm., and 
on cooling, it always became so low as to bo unreadable. By means 
of the sliding board, the charcoal tube was now lowered into the 
reaction tube of the calorimeter, into which mercury was poured in 
order to facilitate heat conduction from the charcoal to the calori¬ 
meter during the subsequent measurements; to prevent heat losses 
by convection from the top of the reaction tube, the space between 
this and the charcoal tube was covered with a piece of plasticine. As 
soon as the movement in the capillary became constant, the first 
charge of gas was admitted, and readings of the pressure were 
taken every few minutes until two consecutive readings were 
identical, showing that equilibrium had been reached. When the 
calorimeter was working well, it was possible to use the heat readings 
as a check on the attainment of equilibrium, for when the creep 
became the same as before the admission of gas, one could assume 
that equilibrium had been reached. 

The sorption curve was obtained by adding successive small 
quantities of gas from the burette, as outlined above, whilst, in order 
to obtain the desorption curve, the burette was opened to the 
adsorption system, thus enlarging the volume of the dead space. 
After a minute or so, the burette was shut off, the volume of gas 
withdrawn was read, and the attainment of equilibrium awaited. 

In most cases, fresh samples of charcoal were used for each 
experiment. In a few instances, however, the supply of fresh 
charcoal was insufficient, and on these occasions, samples of charcoal 
that had been used for previous experiments had to be employed; 
in order to reduce the activating effect in such cases to a minimum, 
the charcoals were freed from gas at a lower temperature than before, 
viz ., at 150°, and in some cases even at room temperature. Never¬ 
theless, as will be explained later, a small activating effect was still 
present, the charcoal being slightly altered during each removal of 
gas. 

Calculations .—In calculating volumes of gas, correction is made 
for the deviation from Boyle’s law, and the volume which /wfould be 

3n 
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occupied ideally by the gas at N.T.P. thus obtained. To calculate 
the amount of gas v a that has been adsorbed up to a given reading, 
the amount v u remaining unadsorbed in the dead space is sub¬ 
tracted from the total amount which has been admitted to the 
system; in calculating v Ui it must be remembered that part of the 
dead space is at room temperature and part at that of the calori¬ 
meter. In order to obtain the heat of adsorption corresponding to 
a given charge of gas, a correction must be made for the heat 
communicated to the calorimeter by the gas when changing from 
room temperature to 0° or 40-35° as the case may be. This 
correction is v^(t x — t 2 ) } where s is the specific heat of the gas per 
c.c. at constant volume, and v c is the amount of gas that has been 
changed from the temperature-of the atmosphere, t v to that of the 
calorimeter, t 2 . 

Degree* of Accuracy, —No attempt has been made to attain to any 
great degree of accuracy for two main reasons ; (i) Charcoal itself 
is such an indefinite substance, and is so difficult to obtain in a 
perfectly homogeneous condition, that excessive accuracy in the 
measurements would be superfluous; and (ii) the accuracy attainable 
with the ice calorimeter is not so high as to justify great accuracy 
in the measurement of the other two quantities. A rough estimate 
of the probable error of the respective measurements is as follows : 

Pressure : Never greater than ±1%, and for higher pressures 
(10 cm. or more), of the order ± 0*2%. 

Amount adsorbed: Between ±0*5% and ± 1*0%. 

Heat: Very variable, but of the order ± 2% for the ice-, and 
rfc 5% for the phenol-calorimeter. 

Note on the Purity of the Gases .—In these experiments, the fact 
that hysteresis (see “Discussion”) was absent, was assumed to 
prove that the gas was pure, since the presence of air as an impurity 
immediately produced the phenomenon. The author has since 
recognised that this is inadequate evidence of purity, however, for 
the work of Lorenz and Wiedbrauck (Z, anorg . Gkem ., 1925, 143, 
268) indicates that only when gases differ widely in physical 
properties do they interfere with each other’s adsorption. Hence 
the absence of hysteresis does not necessarily indicate the absence of 
impurities similar in physical properties to the gas in question; 
such impurities, however, would have but a very slight effect on the 
adsorption measurements. 

Results, 

The following quantities are given for each reading: 

x .= total number of g.-mols. of gas adsorbed per g. of charcoal 
(= v a /22414 «?, where w is the weight of charcoal). 

p — equilibrium pressure (cm. of Hg). 
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Q = integral heat of adsorption per g, of charcoal, = 2ft, where h 
is the amount of heat evolved per g. of charcoal at a given reading. 

In the curves, desorption points are denoted by a small tail attached 
to the circle, etc., which surrounds the point, thus Q. 



Experiment 1 

: Nitrous oxide + Charcoal I at 0°. 


logm. 

log#. 

log Q- 

log*. 

log p. 

log Q. 

log X. 

log#. 

log Q. 

4-383 

1-715 

0-280 

8-294 

1-351 

1-160 

3-433 

1-764 

1-284 

3-669 

0-106 

0-557 

8-337 

1-464 

1-195 

8-413 

1-677 

1-264 

3-861 

0-405 

0-754 

3-373 

1-582 

1-227 

§■383 

1-596 

1-238 

3-992 

0-662 

0-871 

8-406 

1-684 

1-255 

8-336 

1-411 

1-193 

8-097 

0-873 

0-981 

8-432 

1-781 

1-281 

3-282 

1-259 

1-145 

8-173 

1*073 

1-057 

8-466 

1-862 

1-305 

3-242 

1*151 

1-106 

3-240 

1-224 

1-114 








Preparation of gas . Sodium nitrite solution was slowly dropped 
into warm hydroxylamine hydrochloride solution, and the nitrous 
oxide evolved was passed in succession through potassium hydroxide 
solution, over solid potassium hydroxide, through concentrated 
sulphuric acid, and finally over phosphorus pentoxide. 


Experiment la : Nitrous oxide + Charcoal I at 0°. 


log X. 

log#. 

log Q. 

log *. 

log P- 

logQ. 

log x . 

log#. 

log Q. 

3-714 

0-173 

0-560 

3-345 

1-461 

1-159 

5-406 

1*665 

1*209 

3-086 

0-834 

0-905 

5-416 

1-706 

1*222 

3-349 

1*473 

1*155 

3-265 

1-216 

1-075 

3-449 

1*839 

1-250 





Charcoal. The charcoal from Expt. 1 was freed from gas at room 
temperature without intermediate exposure to air. 

Preparation of gas. As for Expt. 1. 


Experiment 2 : Nitrous oxide + Charcoal I at 0°. 


log *. 

log#. 

log Q. 

3-434 

1-734 

0-161 

3-744 

0-167 

0-557 

3-936 

0-498 

0-759 

5-066 

0-736 

0-884 

5-163 

0-951 

0-978 


log x . log p. log Q. 

§•247 1*152 1-060 

§•322 1-360 1-136 

5*364 1-486 1-176 

§•395 1-590 1-207 

§•428 1-722 1-241 


log x. log #. logQ. 

§*460 1-840 1-269 

§•485 1-944 1-267 

§•446 1-793 1-244 

§•393 1-579 1*175 


Preparation of gas . After being prepared as in Expt. 1, it was 
liquefied by cooling in liquid air, and then distilled in a vacuum* 


Experiment 3 : Nitrous oxide + Charcoal I at 0°. 


logo;. 

log#. 

log Q. 

log*. 

log#. 

log Q m 

5-803 

0-281 

0-667 

5-360 

1-493 

1*216 

5-288 

1-274 

1-148 

8-416 

1-871 

1-264 


Preparation of gas. As in Expt. 2. 
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Experiment 4 : Acetylene + Charcoal I at 0°. 


log X. 

log#. 

lo g#. 

log®. 

log#. 

log #. 

log®. 

log#. 

log#. 

1-494 

1*537 

0*458 

5-328 

1*298 

1*250 

5-438 

1*790 

1*351 

1-798 

0*034 

0*749 

3-375 

1*480 

1*290 

3-417 

1*667 

1*338 

1-995 

0*412 

0*922 

3-412 

1*644 

1*323 

3-370 

1*454 

1*295 

3-167 

0*809 

1*081 

3-441 

1*797 

1*349 

3-305 

1*202 

1*238 

3-254 

1*051 

1*179 

3-462 

1*915 

1*370 

3-227 

0*952 

1*155 

Preparation of gas . 

Water was dropped 

on calcium carbide in 


an evacuated apparatus, and the acetylene was passed through 
saturated potassium permanganate solution, over solid potassium 
hydroxide and phosphorus pentoxide, then solidified and redistilled 
in a high vacuum. 


Experiment 5 : Ethane + Charcoal I at 0°. 


log X. 

log#. 

log #. 

log x . 

log#. 

log#. 

log X. 

log#. 

log#. 

•5*524 

1*282 

0*505 

3-197 

0*467 

1*150 

3-416 

1*425 

1*301 

4-866 

1*785 

0*831 

5-3X3 

0*874 

1*258 

3-444 

1*638 

1*380 

5*053 

0*070 

1*013 

3-373 

1*146 





Preparation of gas . 

Propionitrile was dropped on sodium wire in 


an evacuated apparatus (see Stahler et al., “ Arbeitsmethoden der 
Anorganischen Chemie,” 1926, IV, p. 93), and the ethane passed in 
succession through tubes containing the following reagents: 
potassium hydroxide solution, solid potassium hydroxide, concen¬ 
trated sulphuric acid, and phosphorus pentoxide. It was then 
solidified and redistilled in high vacuum. The presence of 
hysteresis showed that the gas was not pure, although Cardoso and 
Bell (J . Ohim . 'physique , 1912,10, 498) endorse the method as giving 
pure ethane. 

Remark . The attainment of equilibrium at some readings 
required several hours, again indicating that the gas was not pure. 


Experiment 6 : Carbon monoxide + Charcoal I at 0°. 


log X. 

log#. 

log X. 

log#. 

log x . 

log#. 

log a?. 

log#. 

5-973 

0*845 

4-521 

1*494 

5*753 

1*831 

5*576 

1*566 

4*199 

1*098 

5-588 

1*582 

4*824 

1*920 

5*444 

1*388 

5*403 

1*339 

1-686 

1-723 

5*709 

1*754 

5*176 

1*065 


Preparation of gas . Concentrated sulphuric acid was dropped on 
sodium formate, and the gas passed through tubes of potassium 
hydroxide solution, solid potassium hydroxide, and phosphorus 
pentoxide. The apparatus was alternately evacuated and filled with 
carbon monoxide three times before the gas was collected. 

Experiment 7 : Sulphur dioxide + Charcoal I at 0°. 

logo:, log #. log #. log x. log #. log #. log a?, log#, log Q. 
3*210 1*330 1*287 3*606 1*517 1*655 3*589 1*263 1*639 

3*495 0*430 — 3*623 1*708 1*669 3*567 1*072 1*624 

3-567 1-013 1*621 3*606 1*467 1*653 3*531 0*722 1*597 

3*590 1*367 1*645 
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Preparation of gas . Sulphur dioxide from a cylinder was passed 
through tubes of concentrated sulphuric acid and phosphorus 
pentoxide. It was then solidified and redistilled in a high vacuum. 


Experiment 8 : Carbon dioxide + Charcoal I at 0°. 


log X . 

logp. 

log < 2 . 

log X. 

logp. 

log Q. 

log®. 

logp. 

logQ. 

4*315 

1*844 

0*212 

3-162 

1*183 

1*016 

5-432 

1*910 

1*272 

4*573 

0*201 

0*455 

5-238 

1*360 

1*083 

3-460 

1*984 

1*293 

4*811 

0*555 

0*680 

3-299 

1*522 

1*145 

3-408 

1*833 

1*252 

4*948 

0*779 

0*810 

5-364 

1*654 

1*194 

3-360 

1*657 

1*199 

5*066 

0*989 

0*921 

5-408 

1*820 

1*246 

3-305 

1*493 

1*146 


Preparation of gas. Concentrated sulphuric acid was dropped on 
solid sodium carbonate in an evacuated apparatus. The gas was dried 
by concentrated sulphuric acid and phosphorus pentoxide, solidified, 
and redistilled in a vacuum. 


Experiment 9 : Ethylene + Charcoal I at 0°. 


log X. 

logp. 

logQ. 

log®. 

logp. 

log Q. 

log®. 

logp. 

log Q. 

4-280 

1*071 

0*187 

3-298 

1*345 

1*130 

3-347 

1*589 

1-170 

3-537 

1*452 

0*444 

5-333 

1*545 

1-165 

3-304 

1*346 

1*131 

3-766 

1*822 

0*652 

5-363 

1*713 

1*188 

3-247 

1*201 

1*104 

3-945 

0*195 

0*811 

3-383 

1*846 

1*206 

5-183 

0*945 

1*049 

3-063 

0*513 

0*917 

5-396 

1*953 

1*218 

3-101 

0*647 

0*972 

3-163 

0*805 

1*010 

5-377 

1*790 

1*198 

2-957 

0*245 

0*842 

5-237 

1*074 

1*074 








Preparation of gas . A mixture of 50 c.c. each of concentrated 
sulphuric acid and absolute alcohol was placed in a distilling flask, 
and a little sand (previously washed with concentrated hydrochloric 
acid and ignited) was added. A mixture of 50 c.c. of concentrated 
sulphuric acid with 25 c.c. of absolute alcohol was slowly added 
from a dropping funnel, the flask being warmed. The whole 
apparatus was previously evacuated. The ethylene was passed 
successively through tubes containing solid potassium hydroxide, 
concentrated sulphuric acid, and phosphorus pentoxide; it was 
then solidified and redistilled in a vacuum. 

Experiment 9 a : Ethylene + Charcoal I at 0°. 
log®, logp. log Q» logic. log p. 1 ogQ, log a;, logp. log Q. 

5*818 0-000 0*665 5*301 1*396 1*114 5*341 1*599 M48 

5*132 0*730 0*955 5*376 1*831 1*184 5*292 1*325 1*104 

Charcoal. The charcoal from Expt. 9 was freed from gas at room 
temperature without intermediate exposure to air. 

Preparation of gas. As for Expt. 9. 

Experiment 10 : Nitrogen + Charcoal I at 0°. 

log a;. logp. log x. logp. logo?. logp. logo;. log 3 ?. 

5*578 0*656 4*260 1*398 4*573 1*790 4*238 1*376 

£*971 1*073 4*391 1*554 4*646 1*884 4*095 1*18S 

4*168 1*291 4-492 1*684 4*564 1*777 £*935 1*002 
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Preparation of gas . Nitrogen from a cylinder was used; it 
contained 0-5% of oxygen. 

The gases used in the remaining experiments were prepared as 
described in the corresponding preceding experiments. 


Experiment 11: Nitrous oxide + Charcoal II at 0°. 


log». 

logp. 

log #. 

log *. 

logp. 

log#. 

log *. 

logp. 

log Q. 

4*573 

1*872 

0*498 

3-215 

1*005 

1*103 

3-442 

1*637 

1*312 

5*893 

0*389 

0*806 

3-314 

1*252 

1*194 

3-474 

1*752 

1*342 

5*103 

0*757 

0*997 

3-390 

1*473 

1*265 

3-503 

1*864 

1*370 

Experiment 12: 

Sulphur dioxide + Charcoal II at 0°. 


4-685 

2*633 

0*755 

3-620 

1*412 

1*639 

3-642 

1*559 

1*657 

3-084 

1*124 

1*133 

S-638 

1*660 

1*652 

3-626 

1*344 

1*643 

3-405 

1-935 

1*425 

3-651 

1*834 

1*665 

3-611 

1*148 

1*623 

3-511 

0*398 

1*522 

3-659 

1*923 

1*672 

3-599 

1*985 

1*609 

3-584 

0*969 

1*601 

3-650 

1*683 

1*662 

3-585 

0*848 

1*598 


Charcoal. This charcoal had been previously used for Expt. 11 
and was freed from gas at room temperature. 


Experiment 13 : Nitrogen + Charcoal II at 0°. 


log®. 

logp. 

log#. 

log®. 

logp. 

log <9. 

log*. 

logp. 

log#. 

3-121 

1-139 

1*761 

3-645 

1*781 

0-301 

3-653 

1*774 

0*305 

3-387 

1*446 

0*041 

3-712 

1*892 

0-387 

3-677 

1*663 

0*240 

3-539 

1*641 

0*196 

3-780 

1*969 

0-433 





Experiment 14: 

Nitrous oxide + Charcoal m at 0°. 


3-610 

0-137 

0*318 

3-277 

1*406 

1*003 

5-380 

1*752 

1*101 

3-912 

0*610 

0*617 

5-331 

1*577 

1*061 

3-352 

1*647 

1*067 

3-094 

0*955 

0*802 

3-373 

1*725 

1*104 

3-328 

1*562 

1*041 

3-204 

1*209 

0*921 

3-405 

1*856 

1*133 

3-308 

1*477 

1*015 


Charcoal . This had been previously used for Expt. 15 and was 
freed from gas at room temperature. 

Remark. The calorimeter was working very badly during this 
experiment, and the heat measurements are therefore untrust¬ 
worthy. 


Experiment 15 : Sulphur dioxide + Charcoal m at 0°. 


log*. 

logp. 

log#. 

log*. 

logp. log#. 

log a?. 

logp. 

log#. 

3-960 

2*875 

1*040 

3-552 

1-109 1-575 

S-633 

1*881 

1*654 

3-270 

1*432 

— 

3-582 

1*396 1*606 

3-612 

1*680 

1*641 

3-442 

0*272 

1*485 

3-604 

1*605 1*625 

3-590 

1*478 

1*621 

3-507 

0*705 

1*540 

S-620 

1*759 1*641 

3-570 

1*298 

1*613 


Experiment 16 

; Nitrogen + Charcoal HI at 0°. 


log*. 

logp. 

log x . 

logp 

log x . 

logp. 

log*. 

logp. 

5-882 

1-195 

1-363 

1-738 3-397 

1*753 

3-056 

1*355 

3-206 

1-547 

3-488 

1-877 3-272 

1*604 




Charcoal. This had been used for Expts, 14 and 15 and was freed 
from gas at room temperature. 
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Experiment 17 : Sulphur dioxide + Charcoal IV at 0°. 


log#. 

log p. 

lo gQ. 

log X. 

lo gp. 

log Q. 

log #. 

log#. 

log Q. 

2-606 

2-484 

0-740 

5-477 

0-968 

1-510 

3-588 

1-621 

1-597 

3-059 

1-441 

1-143 

5-545 

1-377 

1-562 

3-559 

1-437 

1*573 

3-261 

1-828 

1-321 

3-590 

1-674 

1-592 

3-496 

1-008 

1-536 

5-382 

0-389 

1*426 

5-622 

1*856 

1-614 




Experiment 18 

: Nitrous 

oxide 

+ Charcoal I at 

40-35°. 


4*551 

0-668 

0-484 

5-039 

1-467 

0-956 

3-190 

1-729 

1-078 

5*781 

1-007 

0-708 

5-096 

1-571 

1-010 

5-139 

1-623 

1-036 

4-882 

1-184 

0-805 

3-178 

1-733 

1-090 

5-093 

1-525 

1-996 

5-962 

1-346 

0-889 

5-235 

1-856 

1-144 




Experiment 19: 

Sulphur dioxide + Charcoal I at 40-35' 

O 

5*589 

1*459 

0-837 

3-451 

1-285 

1-561 

5-430 

1-035 

1-531 

5-855 

1-931 

1-085 

5-504 

1-607 

1-599 

5-398 

0-743 

1-497 

3-157 

0-338 

1-306 

5-490 

1-476 

1-586 

3-332 

0-310 

1-447 

3-288 

0-650 

1-422 

3-451 

1-184 

1-550 

5-206 

0-272 

1-338 

3*387 

0-969 

1-505 







Charcoal. This had been previously used for Expt. 6, and was 


freed from gas at 150°. 

Discussion . 

Du ring the earlier stages of the work, great trouble was experienced 
from the occurrence of “hysteresis,” which is a well-known 
phenomenon in adsorption work; the desorption curve, obtained by 
withdrawing the gas from the charcoal, does not retrace the sorption 
curve, the charcoal always retaining more gas for a given pressure 
on the curve of desorption than on that of sorption. Furthermore, 
the time required to attain equilibrium is much shorter (of the order 
of one hour) during desorption than during sorption, in which the 
pressure may continue to fall for several days. In agreement with 
Patrick (/. Amer. Ohem. Soc ., 1920, 42, 946) and others, the trouble 
was found to be due to traces of non-condensable gas in the system; 
for when the gas to be adsorbed was liquefied and then distilled in 
high vacuum, and when the charcoal was thoroughly evacuated, the 
sorption and desorption curves could be made to agree, and the 
time for equilibrium in both cases became normal at about one 
hour. Only with ethyl chloride was this treatment ineffective, for 
no matter how carefully the gas was prepared, considerable hysteresis 
was observed; hence adsorption experiments with this gas were 
abandoned, ■* 

As has been shown by many previous workers, neither the p-% nor 
the log p-log x curve possesses a simple analytical form; the shape 
of the latter curve does not even appear to bear any simple relation¬ 
ship to the nature of the adsorbed gas, though it must be remembered 
that it is difficult to give criteria for selecting comparable parts of 
the curve for different gases; thus, while the sulphur dioxide curve 
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at atmospheric pressure is approaching the point of saturation, the 
curve for a permanent gas like nitrogen is still in its early stages. 
On the other hand, the log p -log x curves undergo a regular variation 
with the change of charcoal, for the order of the curves for the 
charcoals I, II, and III is the same for the three widely different 
gases nitrogen, nitrous oxide, and sulphur dioxide—charcoal II 
always having the greatest adsorption for a given pressure, charcoal 


Fig. 2. 
log p. 

1*8 0*0 0*2 0*4 0*6 0-8 1*0 1*2 1*4 1*6 1*8 2*0 



I the next, and charcoal III the smallest. This is illustrated for 
nitrogen and nitrous oxide by the curves in Fig. 2. 

Q and x are connected by the simple relation Q — kx 1l 9 where Jc 
and 7i are constants at constant temperature, a result obtained also 
by other workers (e.gr., Lamb and Coolidge, J. Amer. Chem. & foe., 
1920, 42,1146). The index n is roughly characteristic of the gas 
which is adsorbed, fox, as will he seen from Table I, it remains 
approximately constant when one gas is adsorbed on different 
charcoals, and varies from gas to gas for the same charcoal. The 
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rule is only a rough one, however, for in some cases quite a large 
difference is obtained for the same gas. This is illustrated by 
sulphur dioxide with charcoals I and IV (Expts. 7 and 17, 
respectively). 

Fig. 3. 



0*2 0*4 0*6 0*8 1*0 1*2 1*4 DO 1*7 


log Q. 


Temp. 

0 ° 


40*35° 

0 ° 


40*35° 

0 ° 


Table I. 

Values of k and n in the formula Q = kx n . 


pt. No. 

Gas. 

Charcoal. 

n. 

log k. 
3-703 

1 

N a O 

I 

0-940 

la 

ft 

1 

0*940 

3-651 

3 

ft 

I 

0-953 

3-726 

11 

9t 

II 

0-933 

3-706 

14 

ft 

III 

1*01 (?) 

3-746 (?) 

18 

ft 

so 2 

I 

0*957 

3-695 

7 

I 

0-915 

3-843 

12 

t> 

II 

0-942 

3-877 

15 

ft 

III 

0*911 

3-811 

17 

>9 

IV 

0*885 

3-746 

19 

9 9 

I 

0-840 

3-695 

4 

C 2 H 2 

I 

0-945 

3-770 

5 

CgHg 

I 

0-966 

3-963 

8 

CO 2 

I 

0-955 

3-726 

9 

c 2 h # 

i 

0*924 

3-627 

9a 

ft 

i 

0*926 

3-613 

13 

■ 

ii 

1-005 

3-676 

3 is 2 
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The data available are too limited to decide whether any simple 
rule holds for the variation of k ; for the nitrous oxide experiments, 
the log Q-log # curves are in the same order as the corresponding 
isotherms—charcoal II having the largest k > charcoal I the next, and 
charcoal III the smallest (see Kg. 3). It is difficult, however, to 
pronounce judgment upon the apparently anomalous order of the 
sulphur dioxide curves, for they lie so close together that a small 
experimental error would alter their relative order; it is possible that 

Fig. 4. 


O’O 0*2 0'4 0*6 0*8 1*0 1*2 1*4 



such an error may be present in the experiment with charcoal II, 
for the abnormally high value of n in this case throws doubt on the 
accuracy of the curve, 

*It is Jhere appropriate to note the effect of the adsorption of one 
gas upon the subsequent adsorption of the same or a different gas 
by a given charcoal* In Kg. 4 are plotted the log Q -.log x curves for 
ethylene on charcoal I, Expt. 9 being carried out with fresh charcoal, 
and Expt. 9a after pumping out the gas from the used charcoal at 
room , temperature and without intermediate exposure to the 
atmosphere. The curves for Expts. 1 and la represent a similar 
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pair for nitrous oxide, and the curve for Expt. 3 was obtained with 
charcoal I that had been previously saturated with ammonia and 
evacuated at room temperature* It will be seen that a small 
de-activating effect is indicated in the heat curves in each case, the 
value of h being slightly decreased, though the corresponding 
log jp-log x curves show no such effect. 

The heat of adsorption should now be compared with the latent 
heat of condensation of the adsorbed gas. For this purpose, one 
must use the differential heat of adsorption, dQ/dx = Jcnx 71 *^, i.e, 9 
the heat evolved per g.-mol of gas, since this is the quantity 
comparable with the latent heat; and this must relate to a- fixed 
value of # in each case. 

Since 7i is always less than unity, the differential heat of adsorption 
decreases as the concentration increases, but its value can be 
calculated for a given value of x within the range of the experiments, 
e.g., x = 1000 x 10" 6 g.-mol. per g. of charcoal. From Table II it 
will be seen that this differential heat is in each case 2—3 times as 
large as the latent heat of condensation of the vapour at 0° (calculated 
by the Clausius-Clapevron equation); this agrees with the results of 
Lamb and Coolidge (loc. cif .) for several organic vapours. 

Table II. 

Heats of adsorption and latent heats of condensation. 

Molecular latent dQ/dx (cal.) for 


Gas. lieat (cal.). x ~ 1000 X 10“®. 

Sulphur dioxide .. 6,160 11,460 

Ethylene . 2,060 6,620 

Acetylene . 2,680 8,100 

Carbon dioxide. 2,670 6,930 

Nitrous oxide . 2,510 7,180 

Nitrogen (Charcoal II) . — 4,740 


(The charcoal used in the first five cases was No. I.) 

It is further of interest to compare the heat of adsorption of nitrous 
oxide at 0° with that at 40-35°, these temperatures being, respec¬ 
tively, below and above the critical temperature (35—39°). Whilst 
it must be borne in mind that, owing to the difficulty of working the 
phenol calorimeter, the measurements at 40-35° give little more than 
the order of magnitude of the heat of adsorption, yet it will be 
seen that the values of h and n at the two temperatures are not very 
different, showing that at a given concentration x , the integral heat 
of adsorption and the differential dQ/dx at the respective tem¬ 
peratures are also not very different. 

This approximate constancy, with reference to temperature, of the 
heat effect of adsorption is confirmed by the fact that the value of 
the differential heat of adsorption calculated from the van't Hoff 
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isochore, on the assumption that it remains constant between 0° and 
40*35°, is close to the experimental value. In the isochore 
d log, E/dT = — H/BT 2 , where K is the equilibrium constant and H 
is the heat of reaction, K may be replaced by p, and integration then 
gives log* pjp 2 — S(T 2 — T x )/BT 1 T 29 where p x and p % are the 
equilibrium pressures at temperatures T x and T 2 , respectively, for 
a given value of x , so that H becomes the differential heat of 
adsorption for the same value of x. 

The values of log p for nitrous oxide on charcoal I at 0° (Expt. 2) 
and 40*35° (Expt. 18) are, respectively, 0*605 and 1*372 when 



log x/p, 

x = 1000 x 10- 6 ; putting T x = 273, T 2 = 313*35, and E = 1*98, 
H is calculated to be 7442 cals, per g.-mol. per g, of charcoal. This 
is close to the value 7180 cal. obtained from the formula dQjdx = 
by using the experimental values of k and n for nitrous oxide 
at 0° on charcoal I (Expt. 1). 

Although the p—x curve cannot be represented by any simple 
mathematical equation, the results agree fairly well with an equation 
of the form log x/p = A 0 — A x x, which has been deduced thermo¬ 
dynamically by Williams { Proc . Boy. Soc., 1919, 96, A, 287) and 
from kinetic theory by Henry (Phil. Mag., 1922, 44, 689). Thus on 
plotting log x/p against x ( see Fig. 5), a straight line is obtained for 
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carbon dioxide, acetylene, nitrous oxide, carbon monoxide, or 
nitrogen with charcoal I; but deviations from the rectilinear occur 
in other cases, e.g., ethylene and nitrogen with charcoals II and III, 
and also in Homfray’s results (Z. physikal. Chem ., 1910, 74, 129) for 
ethylene and nitrogen, and Richardson’s {J. Amer. Chem. Soc., 1917, 
39, 1828) for carbon dioxide. Furthermore, on plotting the results 
for sulphur dioxide from the present measurements, and also those 
for ammonia from Richardson’s, the curves are not even approxim¬ 
ately rect ilin ear. In general, however, it may be said that the 
Williams-Henry equation does reproduce moderately well the 
adsorption measurements at 0° for those gases which are far removed 
from their condensation point at N .T ,P.\ but, as it is hoped to show 
elsewhere, this fact is insufficient evidence for the validity of either 
Williams’s or Henry’s fundamental assumptions. 

The values of the constants A 0 and A 1 for those cases where the 
equation holds are given in Table HI. The equation put forward 
by Iljin ( Physikal. Z., 1925, 26, 497) extends to the adsorption of 


Table III. 


Values of A 0 

and A x 

in the equation lo gx/p = 

A 0 — 

A x x. 

Gas . 

Charcoal. 

A v 

A 0 . 

Gas. Charcoal. 

A v 

A*- 

N a 

I 

525 

-5*059 

c„h 2 

I 

510 

-2*887 


II 

410 

-4*961 

N a O 

I 

410 

-3*209 


in 

388 

-5*263 

99 

II 

400 

-3*160 

CO 

I 

432 

-4*832 

99 

III 

375 

-3*360 

co 2 

I 

355 

-4*490 

„ (40°) 

I 

370 

-3*992 


gases by charcoal the results obtained by Szyszkowski (Z. physikal . 
Chem., 1908, 64, 385) for the surface tensions of aqueous solutions 
of certain fatty acids. Szyszkowski found that if cr 0 is the surface 
tension of pure water, and a that of a solution of the fatty acid of 
concentration c, then 

cr 0 — a == (3 log (c/a + 1), 

where a is a constant decreasing as the length of the carbon chain in 
the acid increases, and p is a constant characteristic of the solvent. 
Applying this to charcoal adsorption,' Iljin puts <r 0 — a = QjS, where 
8 is the area of the adsorbing surface of the charcoal, the heat of 
adsorption thus being taken as a measure of the free energy of 
adsorption; c must be replaced by p, so that Q = log (p/a + 1), 
which is more convenient for plotting if written as Q = B log (p 4- 
a) — Blog a, where B — $S. Then, if Hjin’s equation holds, the 
graph of log (p + a) against Q should give a straight line inter¬ 
cepting the log (p + a) axis at log a. The correct value of a is 
obtained by plotting with successive values of a, differing by small 
increments, until two consecutive values are reached suah that one 
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gives a curve convex to one axis, and the next a curve convex to the 
other axis; the required value of a is then taken as the mean of 
these two values. Plotting the present results in this way, it was 
found that the best straight line was one that did not in general 
intercept the log (p + «) axis at log a (see, e.g., Pig. 6), so that the 
results only fit a modified Hj in equation of the form Q — B log (pj a+ 
1) + A, where A is usually a positive quantity, but is occasionally 
negative* The results for sulphur dioxide do not agree with the 
equation at all, for even with a = 0 (its minimal value, since it is 
essentially positive), a curved line is still obtained; this is true also 
of Titoff’s results for ammonia (Z. physikal . Chem 1910, 74, 641) 
which IIjin quotes as fitting his equation. 

Table IV* 


Values of oc and B from Iljin’s equation. 


At 0°. 

Gas. 

Observer.* 

a^. a x * 

(cm. of Hg) a 

X 10 5 . 

b x 10 «. 

(calc.). 

A 

H. 

_ 

60 

259 

1361 

— 


T., Expt. IX 

55 

— 

270 

1748 

6*5 


T., Expt. X 

55 

— 

» 

99 

7*35 


G„ Char. I 

— 

50 

99 

99 

— 


G., Char. II 

50 

55 

» 

99 

5*98 


G., Char. HI 

— 

50 

99 

99 

— 


H. 

— 

50 

99 

99 

— 

CO 

H. 

— 

50 

285 

1727 

— 


G. 

— 

55 

99 

99 

— 

ch 4 

H. 


15 

366 

1591 

— 

CO* 

T* 

2*80 

2*80 

701 

1862 

13*2 


R. 

— 

0*80 

99 

99 

— 


G. 

2*95 

2-95 

99 

99 

12*4 

C s H a 

G. 

0*75 

0*75 

875 

2293 

11*3 

CA 

G., Expt. 9 

0*20 

— 

889 

2534 

6*63 

G., Expt. 9a 

0*20 

0*20 

99 

99 

6*28 

C*H* 

G* 

0*16 

0*16 

1060 

2800 

11*6 

N a O 

G., Char. I 

1*65 

1*70 

728 

1899 

10*7 

G., Char. II 

1*50 

1*70 

99 

99 

13*2 


G., Char. Ill 

— 

1*70 

99 

99 

— 

At 40*35° 
X a O 

"g., Char. I 

10*0 

12*0 

728 

1899 

14*4 

Adsorption by silica gel at 0°. 

n 2 o p. — 

35 

728 

1899 


* H = 

Homfray; T = 

TitoS; G = 

Gregg; R 

= Richardson; P 

= Patrick 


(J. Physical Chem. 9 1925 , 29, 421 ). 

The value of a at a given temperature is roughly characteristic of 
a gas, varying considerably from one to another. This makes it 
possible to deduce the approximate value of a even when no heat 
measurements are available. Por since Q = top, we may put 
k& = 5 log (p + cc) — B log <% ; and since n is never far from 
unity, the graph of log (p + a) against x also gives a nearly straight 
line; or, alternatively, the values of a necessary to give a straight 



THE HEAT OF ABSORPTION OF GASES BY CHARCOAL. 1511 

line with the measurements of Q and x, respectively, are quite close 
to one another, as shown by the figures for a derived by the two 
methods (Table IV). In this table, the gases are arranged in order 
of decreasing a, and it will be seen that they then stand in order of 
increas ing a and b (the van der Waals constants), so that a complete 
parallelism exists between a, on the one hand, and a and 6, on the 
other. (In the table, the, suffix indicates whether the value is 
derived from the Q - or z-curve.) Moreover, the fact that the value 
of a decreases as the value of b (which is a measure of the size of the 


Fig. 6. 



molecule) increases, is analogous to Szyszkowski’s result for the 
surface tension of solutions, in which he found that oc decreases with 
increasing length of the hydrocarbon chain. This indicates that 
there is a close analogy between adsorption at a charcoal-gas 
interface and that at a water-gas interface, but it is difficult to 
pursue the analogy further. 

Unfortunately, it is impossible to calculate B except by using 
heat measurements, for the equation ktf 1 = B log (p/<x + 1) + A 
shows that a knowledge of k is necessary for obtaining B. It will 
be seen that, in contrast to Szyszkowski’s results, B does not remain 
constant for a given charcoal, though its variation is much less than 
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that of a. The non-constancy is possibly due to the fact that Q is 
not a true measure of the free-energy change; furthermore, the true 
analogue to Szyszkowski’s p is not B, but B/S, and the adsorbing 
surface S of the charcoal may vary in an unknown way from gas 
to gas. 

It is hoped to discuss more fully elsewhere some of the current 
theories of adsorption in the light of both the present results and 
those of other workers. 

Summary. 

1. Measurements are described of the heat of adsorption, the 
equilibrium pressure, and the amount adsorbed, for eight gases on a 
standard charcoal at 0°, with the aid of Bunsen’s ice calorimeter. A 
few experiments were also carried out at 40*35° using a phenol 
calorimeter, and in some cases the charcoal was replaced by other 
standard samples. 

2. The phenomenon of hysteresis has been traced to the presence 
of some non-condensable gas in the adsorption system, as other 
workers have found. 

3. For the integral heat of adsorption Q, the relationship Q = kx n 
has been found to hold, where x is the amount adsorbed and k and n 
are constants; n is roughly characteristic of the gas and lies between 
approximately 0*9 and 1*0; k is slightly decreased by previous 
adsorption and subsequent elimination of the same or another gas. 

4. The Williams-Henry equation, log xjp — A 0 — A 1 x > where p is 
the equilibrium pressure and A 0 and A ± are constants at constant 
temperature, is fairly satisfactory for all except the readily con¬ 
densable gases. 

5. With similar limitations, the relationship between p and Q is 
expressed fairly well by a modified Iljin equation of the form 
Q ~ B log (p/a + 1) + A. A close parallelism exists between the 
value of a and the corresponding values of the constants a and b in 
van der Waals’s equation, a fact which recalls the results of Szysz- 
kowski for the surface tension of aqueous solutions. 

In conclusion, the author desires to thank Professor J. C. Philip, 
F.R.S., for his kindly help and advice during the whole of this work; 
and also the Department of Scientific and Industrial Research for a 
grant which enabled him, as student-in-training, to carry out the 
experimental part of this work at the Imperial College of Science 
and Technology. 

University op Lonbon, 

King’s College, W.C. 2. 
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CCI .—The Constitution of the Disaccharides. Part 
XIII . The y-Fructose Residue in Sucrose . 

By Walter Norman Haworth, Edmund Langley Hirst, and 
Vincent Stanley Nicholson. 

The y-fructose residue in sucrose was isolated by one of us in the 
form of tetramethyl y-fructose (Haworth, J., 1915, 107, 12; 1920, 
117, 199). This unstable sugar was characterised by its dextro¬ 
rotation and by the ease with which it decolorised aqueous per¬ 
manganate, but further study has revealed a remarkable and 
unexpected behaviour. In contact with dilute hydrochloric acid 
at 80°, or on digestion with acetic anhydride in presence of sodium 
acetate, this methylated ketose undergoes changes involving loss 
of three of its methoxyl groups as methyl alcohol. This circum¬ 
stance explains many of the discordant results quoted in the 
literature of this sugar, and serves also to emphasise the danger 
attaching to the acceptance of preconceived ideas of the properties 
of methylated sugars. 

When 8% hydrochloric acid was used, more than a third of the 
product was collected as a typical aldehyde, having an odour like 
that of benzaldehyde and distilling at about 54°/0-07 mm. It was 
optically inactive, restored the colour to SchifFs reagent, reduced 
Fehling’s solution, and decolorised permanganate instantly. The 
aldehyde was characterised by its giving crystalline derivatives; 
an oxime , m. p. 103—104°, and a semicarbazone , m. p. 166—167°. 
Its molecular composition, C 7 H 8 0 3 , was recognised by this means, 
and its general properties suggested its relationship to furan. 

The action of hot mineral acid on free sugars containing exposed 
hydroxyl groups, e.g. the pentoses, was already recognised as 
involving condensation with elimination of water, leading to the 
formation of furfural or similar products; but in the special case 
now under review, the hydroxyl positions in fructose are methylated, 
leaving only the reducing group exposed. 

In a previous paper (Haworth and Hirst, J., 1926, 1858), reference 
was made to the tendency of tetramethyl y-fructose to pass into 
furan derivatives during oxidative degradation, and it was there 
suggested that many of the anomalies attending the constitutional 
study of this sugar might be attributed to this behaviour. The 
present results extend and confirm this observation. It was also 
indicated that an explanation of this behaviour was to regard 
tetramethyl y-fructose as a substituted hydrofuran (I), and this 
provisional formula is strongly supported by the series of trans¬ 
formations which are now recorded. 
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It is necessary to proceed with caution in the structural inter¬ 
pretation of these observations, and we have relied essentially on 
the isolation of crystalline products which in the last resort have 
been compared with substances of known constitution described in 
the literature. Evidence of the identity of the final products 
obtained by the conversion of tetramethyl y-fructose into furan 
derivatives by contact with hydrochloric acid is now furnished. 

The aldehyde, originating as already described, was identified 
as a-methoxy-5-methylfurfural (IV), since it gave on oxidation with 
permanganate (compare Frankland and Aston, J., 1901, 79, 515) 
<&-methoovy-5-methylfuran‘2-mrboxylic acid (V), m. p. 72—73°, the 
constitution of which was confirmed by comparison with the 
crystalline acid isolated from two known sources: co-bromo-5- 
methylfurfural (VII) (Fenton and Gostling, J., 1899, 75, 429) gave 
on hydrolysis and oxidation <z-hydroxy-5-methylfuran-2-carboxylic 
acid (VT), m. p. 165—167°, the constitution of which had been 
previously determined by conversion of the crystalline bromide 
into furan-2:5-dicarboxylic acid (dehydromucie acid), identical 
with that obtained from mucic acid (Hill and Jennings, Amer. 
Chem . 1893, 15, 159; Hill and Sawyer, ibid., 1898, 20, 169). 

When the co-hydroxy-5-methylfuran-2-carboxylic acid (VI) isolated 
by these methods was methylated with methyl iodide and silver 
oxide, we obtained an ester which on hydrolysis gave the crystalline 
«-methoxy-5-methylfuran-2-carboxylic acid (V), m. p. 72—73°, 
identical with that which we had isolated as a transformation 
product of tetramethyl y-fructose. 


CH 2 ‘0Me 


(I.) 

CHO 

P« 


CH 2 -OMe 


$B-OMe 

£>0-i 

OH 

(H.) CHo-OMe 


?0 2 H 


6h 2 -om6 

(IV.) 


(JjHg-OMe 

(V.) 


C0 2 H 


P° < 

ch 2 -oh 

(VI.) 


CHO 

CH(OMe)*6H >0 _ 5 

CH(0Me)-CH^ 

(HI.) CHg-OMe 
OHO 

CH 2 Br 

(vn.) 


CHO CO,H 

Glucosamine QH(OH)-6h >0 -> CH(OH)-CH >0 

CH(OH)*OIi ^ ^ CH(OH)-CH X 

(vm.) 6h 2 -OH (IX.) 6h„*oh 


No simple explanation suffices to interpret the transformation of 
tetramethyl y-fructose to this furan derivative. On the hypothesis 
that this sugar contains already a substituted hydrofuran ring (I), 
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a reasonable explanation of the series of conversions is given in the 
formulae above. On this interpretation, the first stage of the 
transformation from tetramethyl y-fructose (I) to o-methoxy- 
methylfurfural (IV) is the elimination of water by removal of the 
reducing hydroxyl group along with hydrogen of the methylated 
primary alcohol residue in the first terminal position. This would 
give the compound (II), containing a methoxymethylene residue 
which, hydrolysing with ease to the hydroxymethylene group, 
thereafter functions as an acidic residue, the compound now being 
an enolic form of the aldehyde (III), and there can be little doubt 
that the introduction of an aldehyde group follows a course 
similar to that which is here represented. It may be that the 
compound (HI) is readily formed from tetramethyl y-fructose and 
may frequently be present in this sugar as an impurity. It is indeed 
a variety of trimethyl chitose, and the realisation of this has led 
us to investigate the transformation of glucosamine into chitose by 
the methods described by Fischer. This further extension of our 
work has readily afforded us an alternative means of identifying 
our products (IV) and (V). 

Thus, it has already been shown by Fischer that glucosamine is 
converted by nitrous acid into chitose (VIII), and that the latter 
on oxidation with bromine passes into chitonic acid (IX), During 
acetylation in the presence of acetic anhydride and sodium acetate, 
chitonic acid lost two molecules of water and passed into 
co-acet oxy- 5-methylf uran-2 - carb oxylic acid, which on hydrolysis gave 
co-hydroxy-5-methylfuran-2-carboxylic acid (VI), We have con¬ 
firmed this series of transformations leading from glucosamine, and 
the final product (VI) was identical with the compound we had 
obtained as described above by interconversion from (VII). Finally, 
the specimen of hydroxymethylfurancarboxylio acid obtained from 
glucosamine gave on methylation co-methoxy-5-methylfuran-2- 
carboxylic acid (V) identical with that obtained from tetramethyl 
y-fructose. 

Thus a cycle of inter-relationships has been established between 
y-fructose derivatives on the one hand and glucosamine, chitose, 
and chitonic acid on the other. The allocation of the butylene 
oxide formula (I) to tetramethyl y-fructose, representing this sugar 
as a substituted hydrofuran, therefore receives the same experi¬ 
mental sanction as the formulae ascribed by Fischer (Fischer and 
Tiemann, Ber., 1894, 27 , 138; Fischer and Andreae, -Ben, 1903, 36 , 
2587) to chitose and to chitonic and chitaric acids. The results 
now indicated afford definite proof of the presence in tetramethyl 
y-fructose of two terminal methoxy-groups, -GH 2 *OMe. These 
serve to distinguish the structural representation of this sugar from 
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the amylene oxide type which is normal crystalline tetramethyl 
fructose (Haworth and Hirst, Zoc. tit.). 

There now remains to be considered the evidence arising from 
the oxidation of tetramethyl y-fructose (a) with nitric acid and 
(6) with permanganate. The latter degradation will be dealt with 
in a later paper, but we have again investigated the nitric acid 
method of oxidation employed by Haworth and Linnell (J., 1923, 
123, 294), and have conducted this work alongside a similar 
investigation on the normal crystalline tetramethyl fructose. 

Previous knowledge of the behaviour of nitric acid towards 
aldoses had established a predilection in favour of the view that 
the reducing group of sugars was the first to suffer attack in the 
presence of such an oxidising medium. That such is not the case, 
however, with ketoses has been made abundantly clear by Haworth, 
Hirst, and Learner (this vol., p. 1040). It was, for example, shown 
that the first product of oxidation of normal crystalline tetramethyl 
fructose (X) was a trimethoxy-lactol acid (XI), giving a crystalline 
ethyl ester (XII) and a crystalline methyl ester; and the latter gives 
a higher methylated homologue (crystalline), which is converted into 
a crystalline amide by the agency of ammonia. 

With the insight and experience gained by investigation of this 
simpler example of the oxidation of a fructose derivative, we have 
now applied similar methods to the examination of the initial 
oxidation product of tetramethyl y-fruetose obtained by Haworth 
and Linnell by the use of dilute nitric acid. These authors recorded 
the isolation of an oxidation product giving the analysis : C, 50*5; 
H, 7*3; OR (calc, as OMe), 47*3%. This product was considered 
to be, on the basis of its analytical data and its general behaviour, 
a trimethoxy-3-valerolactone, C s H 14 0 5 (Calc.: C, 50*5; H, 7*4; 
OMe, 48*9%). We have since isolated this product many times 
and in yields representing more than 70% of the tetramethyl 
y-fructose employed and have confirmed these analytical figures 
repeatedly. 

In view, however, of the exceptional behaviour of tetramethyl 
y-fructose towards dilute mineral acids, it seemed to us reasonable 
to suspect that, although the same oxidation product appeared to 
be constantly formed, the analytical data might be influenced by 
the presence of traces of the transformation product (III), (IV), or 
(V), arising in the way we have demonstrated in the earlier part of 
this paper. If so, it appeared to us that Haworth and LinnelTs 
oxidation product might be analogous in composition and structure 
to the initial product of oxidation of normal tetramethyl fructose, 
that is, that the supposed lactone C 8 H 14 0 5 might be the ethyl ester 
of a, trimethoxy-lactol acid, C u H 2 0 O 7 (XVII), isomeric with (XII), 
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for which the calculated figures are: C, 50*0; H, 7*6; OR (as 
OMe), 47*0%. This has indeed proved to be the case. The product, 
resembling a lactone in many of its properties, is unstable 
to alkali through retaining the free reducing group of the original 
sugar, and the titration data are for this reason slightly higher than 
those required for the lactol ester and may readily be 

interpreted to satisfy the lactone formula C 8 H 14 0 5 . We have 
isolated the corresponding methyl ester (XV) in yields of 75%, but 
in this case also the carbon value is slightly high owing to the 
presence of furan derivatives or their intermediate compounds as 
impurity. That this substance is not a lactone is, however, shown 
by its conversion into the higher homologue (XVI) of the lactol 
methyl ester by further methylation. This product no longer 
reduced Fehling’s solution, was comparatively stable towards 
alkali, and gave a titration value approximating closely to that 
required by this constitution. Treatment of this methylated 
product with methyl-alcoholic ammonia gave a crystalline amide 
(XVIII), m. p. 100—101°, the complete analysis of which established 
the molecular weight of the original ester, identifying it as being 
structurally analogous to the product of oxidation obtained under 
similar conditions from normal crystalline tetramethyl fructose. 


CH 2 *OMe 

rV‘ 0H 

, yH-OMe 
( 0 4 CH-OMe 
| CH-OMe 
L CH 2 
CHo-OMe 

rt 0H 

(XIII.) 0 yH-OMe 
I CH-OMe 

Lch 


!H 2 -OMe 


yO a Me 


i? 


>OMe 


OH-OMe 
I CH-OMe 
LCH 
CHa-OMe 

(XVI.) 


C0 2 H 
r-c-OH 
CH-OMe 
0 CH-OMe 
I CH-OMe 

l ch 2 

co 2 h 

ry-OH 
4 CH-OMe 
| CH-OMe 

Lch 

CH 2 -OMe 
CO,Et 
rC-OH 
4 CH-OMe 
I CH-OMe 
L-CH 
CH 2 -OMe 
(XVII.) 


(XI.) 


(XIV.) 


C0 2 Et 
py-OH 
I CH-OMe 
0 CH-OMe 
CH-OMe 
L CH 2 
C0 2 Me 
rC-OH 
l) CH-OMe 
I yH-OMe 

l yH 
CH 2 -OMe 


(XII.) 


(XV.) 




yO-NH a 
y-OMe “ 
yH-OMe 
| yH-OMe 
^—yH 
CH 2 -OMe 

(XVIII.) 


yH a -OMe 
ry-OH 
4 CH-OMe 
I yH-OMe 
l-OH 
C0 2 Me 
(XIX.) 


The possibility has not escaped us that the methyl ester, C 10 H 18 O 7a 
might also be formulated as in (XIX), representing the carboxyl 
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group in position 6 instead of in position 1 as given in formula 
(XV), but there are many indications which favour the latter 
structure. In the first place, the oxidations of both the normal and 
the y-form of tetramethyl fructose proceeded on exactly parallel 
lines and led to analogous products. The oxidation of the normal 
sugar is definitely shown not to affect position 6 (Haworth, Hirst, 
and Learner, loc. cit ). Again, the action of hydrochloric acid on 
tetramethyl y-fruetose has in the present paper been shown to lead 
readily to an attack on the -CH 2 *OMe group in position 1. In both 
cases the vulnerable position towards the action of nitric acid may 
be expected to be that of the group in position 1. The further 
oxidation of these products will form the subject of a future 
communication. 

It seems probable that oxidation products similar to the above 
lactol esters have also been isolated by other workers in the course 
of investigations on derivatives of y-fruetose, e.g., in the oxidation 
of tetramethyl y-fructose with nitric acid as conducted by McOwan 
(J., 1926, 1737). This author allocated formulae based on the 
analytical data given by liquid specimens which were probably not 
homogeneous. Doubtless the compound represented by (XV) was 
also obtained by the above author, who assigned to it the formula 
of a keto-ester containing a four-carbon chain, one of the alternatives 
suggested being that of a substituted acetoacetic ester. 

The present constitutional position in regard to tetramethyl 
y-fructose is that, as we have shown in the earlier part of this paper, 
this sugar cannot contain an amylene oxide ring, since there is 
present a -CH 2 -OMe group in each of the terminal positions. The 
remaining possibilities are that the oxide ring is butylene-, propylene-, 
or ethylene-oxidic, but the 2 : 3-oxide ring is excluded inasmuch as 
3-methyl fructose gives rise to a y-methylfructoside (Allpress, J., 
1926, 1720), and the 1*: 2-oxide is excluded by the above results. 
We definitely favour the allocation of a butylene oxide formula, 
since this affords the simplest explanation of the peculiar trans¬ 
formations which tetramethyl y-fructose undergoes, leading with 
the greatest facility to furan compounds, and secondly, because in 
the series of aldoses the y-sugars which have been studied are 
butylene oxidic. 

Experimental. 

For the sake of brevity, numerous preliminary experiments are 
given in condensed form as follows: 

Purity of Tetramethyl y-Fructose .—Tetramethyl y-fruetose is 
acted upon both by acids and by alkalis, and in order to obtain 
a pure specimen, prolonged contact of the sugar even with dilute 
acid, especially at high temperatures, must be avoided. If suitable 
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precautions are not observed, the first distillation product may 
contain sufficient aldehydie material to give a pronounced colour 
to Schiffs reagent. Careful hydrolysis of heptamethyl sucrose 
(Haworth, J., 1915,107, 12 ; 1920, 117, 199), the most convenient 
source, with 0*4% aqueous hydrochloric acid at 60° as originally 
recommended, followed by neutralisation of the acid with barium 
carbonate and extraction of the tetramethyl sugar with chloroform, 
yielded a product the physical constants of which were in agree¬ 
ment both with those previously recorded and with those of a 
specimen of tetramethyl y-fructose which had been subjected to 
further rigorous purification. This was effected by means of 
bromine, which does not attack tetramethyl y-fructose, but oxidises 
a methylated aldose (Haworth and Mitchell, loc. tit). Tetramethyl 
y-fructose in 20% aqueous solution was treated with half its weight 
of bromine for 16 hours at 35°. After removal of the bromine by 
aeration in the cold, the solution was neutralised with barium 
carbonate and the purified tetramethyl y-fructose was extracted by 
chloroform and distilled. The final product was neutral to litmus, 
gave no colour with aniline acetate or Schiff’s reagent, and had 
[a]if + 31*3° (c = 2*015) and wjf 1*4513. 

With regard to the method of purification recommended by 
McOwan (loc. cit.), who employed alkaline hypoiodite, it was found 
that the action of very dilute alkali (N /30) on tetramethyl y-fructose 
resulted in changes such that the solution very quickly contained 
material which gave a positive test with Schiff’s reagent. Further 
details of these experiments will be communicated shortly, but in 
the meantime the results are sufficiently striking to warrant the 
opinion that the use of alkali at any stage of the purification of the 
sugar should be avoided. Even with neutral hypoiodite the purest 
samples of tetramethyl y-fructose give a figure corresponding to a 
content of 2*8% of tetramethyl glucose. Incidentally, it was 
found to be undesirable to use octamethyl sucrose as a source of 
tetramethyl y-fructose, inasmuch as a specimen, obtained in this 
way, which had not been subjected to the bromine treatment gave 
on oxidation with nitric acid small quantities of d-dimethoxy- 
succinic acid and t-xylotrimethoxyglutaric acid, both of which 
were recognised as their crystalline diamides (for method of isolation, 
see Hirst, J., 1926, 350). 

Oxidation of Tetramethyl y-Fructose with Nitric Acid .—A series of 
oxidations was carried out with both concentrated (d 1*42) and 
dilute (d 1*2) nitric acid under various conditions of temperature 
and times of oxidation, the products being isolated both as esters 
(methyl and ethyl) and also by simple distillation without the use 
of alcohol at any stage of the experiment. Details of the methods 
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employed are given in earlier communications (Haworth and Hirst, 
foe. cit.) and it will be sufficient to give here a summary of the 
results. 

I. With nitric acid, d 1-2. (Time, 20 hours at 60° or 9 hours at 
90°.) 

When the oxidation product was collected as an acid, contact 
with alcohol being avoided , distillation gave a strongly reducing 
syrup which was evidently a complex mixture of products. Prom 
this, crystals of the optically inactive acid C 8 H 10 O 5 (m. p. 88—89°; 
Haworth and Hirst, J., 1926, 1858) separated on standing. Frac¬ 
tionation of the remaining syrup failed to give any homogeneous 
material, and the colourless distillate, in addition to reducing 
Fehling’s solution, was unstable v r hen kept and became nearly 
black in the course of a few weeks. 

When methyl alcohol was used for esterification, the distilled 
product invariably gave the strongly reducing methyl ester, C 10 H 18 O 7 , 
of the acid the ethyl ester of which was obtained under different 
conditions of working by Haworth and Linnell (loc. cit.). The 
prolonged treatment with nitric acid required in this experiment 
led to the formation of a considerable quantity of oxalic acid. 

H. With nitric acid , d 142. By the use of the stronger acid, the 
time required for the oxidation was curtailed, much of the decom¬ 
position caused by long contact with an acid medium thus being 
obviated. Isolation of the product as methyl ester now gave in 
larger yield (up to 75% of the weight of the sugar used) a methyl 
ester, the physical properties of which approximated to rig 14500; 
[a] D + 30° in water, and gave analytical figures in fairly close 
agreement with those required by a compound of formula C 10 H 18 O 7 
(Found: C, 484; H, 76; OMe, 49*6. Calc.: 0,48*0; H, 7*2; 
OMe, 49*6%). Under similar conditions of oxidation but with the 
use of ethyl alcohol for esterification, equivalent yields of the 
substance described by Haworth and Linnell were obtained. The 
analytical figures formerly given were confirmed and found to 
correspond with those required by a substance of formula C n H 20 O 7 . 

The methyl ester was unstable to alkali and vigorously reduced 
Fehling’s solution, accurate titration figures being therefore impos¬ 
sible to obtain. It was unstable even on being kept at the ordinary 
temperature in a desiccator, showed a progressive increase in the 
value of ?&d amounting to + 0*004 approximately after 3 weeks, 
and became distinctly darker in colour. 

Methylation of the Product C 10 H 18 O 7 .—With the view of determin¬ 
ing the. nature of the reducing group present, the strongly reducing 
methyl ester C 10 H 18 O 7 was methylated with Purdie’s reagents. 
The product on distillation gave a main fraction distilling at a bath 
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temperature of 165°/16 mm.; ng 1*4392; [a] B + 9° in methyl 
alcohol (Found: C, 49*9; H, 7*8; OMe, 57*0; C0 2 Me, 24*0. 
C n H 20 O 7 requires C 5 50*0; H, 7*6; OMe, 58*7; C0 2 Me, 22*4%). 
It was now non-reducing. Amide formation was effected by dis¬ 
solving the ester in methyl alcohol saturated with ammonia. 
No deposition of crystals occurred until the solvent had been 
evaporated; the residual syrup then crystallised. The long needles 
so obtained were drained on porous earthenware and washed with 
ether and light petroleum; they then melted at 95—100°. 

Preparation of the Amide C 10 H 19 O 6 N, m. p. 100—101°.—The 
results described up to this point were regarded as merely pre¬ 
liminary in view of the uncertainty attaching to any interpretation 
based solely on the examination of liquid substances. It had 
become apparent during the course of the experiments that the 
action of acid on the strongly reducing oxidation products, unless 
carefully controlled, led to profound and complex changes even 
during the processes necessary for the isolation and characterisation 
of the substances in question. Accordingly, another series of 
experiments was carried out in which the contact with acid was 
reduced to the minimum and the sensitive reducing group was pro¬ 
tected as soon as possible by methylation. In this way substantial 
yields of the above-mentioned crystalline amide (m. p. 95—100°) 
were obtained, amounting to 40% by weight of the tetramethyl 
y-fructose used. 

Ten g. of tetramethyl y-fructose were treated with 70 c.c. of 
nitric acid (d 1*420). Vigorous oxidation began at 70°; the tem¬ 
perature was thereafter gradually raised in the course of an hour 
to 92° and maintained for If hours. The nitric acid was then 
removed in the usual way at 50°/15 mm., the distillation with 
repeated addition of water being carried on for 5 hours only. 
Methyl alcohol was added, and distilled off to remove water, and 
the residual syrup was boiled for 4 hours with 70 c.c. of methyl 
alcohol. Removal of the solvent yielded a syrup which still 
contained a little nitric acid but was soluble in methyl iodide. The 
solution in methyl iodide was neutralised with silver oxide (3 g.), 
and methylation with silver oxide (30 g.) then proceeded under 
the usual conditions, the reaction being sufficiently vigorous in the 
cold to cause the solvent to boil. The product was purified by 
distillation, giving (a) 1*2 g., mainly methyl oxalate and solvent; 
(6)44 g„ bath temp. 161°/16 mm., njf 1*4422; (c) 3*0 g., bath 
temp. 166°/16 mm, < 14442 ; and (d) H g., bath temp. 180°/ 
16 mm., rig 1-4470. There was no sign of decomposition at any 
stage of the distillation. Fractions (6) and (c) appeared to be 
essentially the same product or mixture of products* ^ 
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Fraction (6) was a colourless, mobile syrup without action on 
Fehling’s solution and was not decomposed to give coloured sub¬ 
stances by hot alkali; [a] B 8° in methyl alcohol (c = 2452) 
(Found: C, 49-0; H, 7*5; OMe, 57*0; COgMe, 32*0%). The 
analytical figures revealed that the distillate was not a single sub¬ 
stance, but amide formation proved that it consisted very largely 
of the methyl ester (methylated), C 11 H 20 O 7 . A solution of 1*3 g. 
in 10 c.c. of methyl alcohol saturated with ammonia deposited no 
crystalline material after being kept for a week. The clear solution 
was then allowed to evaporate, whereupon the resulting syrup 
crystallised. The crystals were extracted with boiling light petro¬ 
leum (b. p. 60—80°) and could easily be recrystallised from this 
solvent. The yield of pure recrystallised material was 0*5 g. In 
all, from 6*3 g. of fractions (b) and (c), 3*0 g. of pure recrystallised 
amide were obtained. It crystallised from light petroleum in tufts 
of interlacing needles resembling cotton-wool in appearance. It 
was very soluble in methyl and ethyl alcohols and water, less soluble 
in acetone, and slightly soluble in ether. M. p. 100—101°; [a] D —76° 
in water (c = 1*099) (Found: C, 48*0; H, 7*8; N, 5*4; ST, by 
titration, 5*5; OMe, 47*7. C 10 H 19 O 6 N requires C, 48*2; H, 7*6; 
2ST, 5*6; OMe, 49*8%). 

The residue, after extraction with light petroleum, contained 
some solid matter embedded in a stiff gum. The syrup was removed 
by extraction with benzene, and the powdery residue was recrystail- 
ised from alcohol containing light petroleum. M. p. 177—178°. 
This material was insoluble in the usual organic solvents except 
ethyl and methyl alcohols. It was readily soluble in water. 
Apparently it was not a pure substance, but the analytical figures 
indicated clearly that it represented the amide of that portion of 
the original oxidation product which was responsible for the low 
value of carbon and the high value of C0 2 Me. Yield, 0*6 g. from 
6 g. of ester (Found : C, 40*3 ; H, 6*2 ; N, 12*2; OMe, 39*1%). 

The Action of Acetic Anhydride and Sodium Acetate on Tetra - 
methyl y-Fructose. —Tetramethyl y-fructose (5 g.), anhydrous sodium 
acetate (5 g.), and acetic anhydride (50 g.) were heated together at 
120° for 1J hours and then at the boiling point of the mixture for 
another hour. The solution was then poured into water (4 vols.), 
and after a few hours the product was extracted with chloroform. 
Removal of the solvent left a syrup containing acetic acid, which 
was removed by keeping the mixture in a desiccator over potassium 
hydroxide. Distillation now gave a series of fractions with a wide 
range of boiling points and refractive indices, revealing the presence 
of a complex mixture of substances, the lowest-boiling fraction of 
which represented the most homogeneous portion. This (0*7 g.; 
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b. p. about 55°/0*01 rum.; ?ijf 14985) was a colourless oil which 
darkened when kept and gave all the reactions of an unstable 
aldehyde. It had the odour of furfural, readily combined with 
phenylhydrazine to give a liquid phenylhydxazide, reduced Fehling’s 
solution, gave Schiff’s test for aldehydes, and produced an intense 
red colour with aniline acetate. It showed slight acidity towards 
litmus, but this was probably due to the presence of impurities. 
Analysis showed that the product was not a single substance 
(Found: C, 574; H, 6*6; OMe, 31*7%), but it was proved to be 
largely a-methoxy-5-methylfurfuraI by the following series of 
reactions. Treated with semicarbazide hydrochloride and sodium 
acetate, a concentrated aqueous solution of the aldehyde immedi¬ 
ately gave a precipitate of the crystalline semicarbazone, m. p. 
166—167° after recrystallisation from alcohol. Similar treatment 
with hydroxylamine hydrochloride and sodium acetate gave the 
oxime as a mobile oil which readily crystallised. Recrystallised 
from light petroleum (b. p. 40—60°) containing a little ether, it was 
obtained in colourless, matted needles, m. p. 103—104°. Further 
details and analytical figures for these compounds are given in the 
following paragraph. 

The Action of Hydrochloric Acid on Tetramethyl y-Fructose. 
Preparation of - M ethoxy - 5 -methylfurfural. —co -Methoxymethyl- 
furfural was more readily obtainable by the action of hydrochloric 
acid on tetramethyl y-fructose. Tetramethyl y-fructose was mixed 
with twice its weight of 8% hydrochloric acid and heated at 80°. 
The solution darkened and methyl alcohol distilled over, this being 
identified by the usual tests. After treatment in t his way for 
1J hours, the solution was cooled and repeatedly extracted with 
chloroform. The extracts were neutralised with sodi um carbonate, 
dried, and filtered. After removal of chloroform, a mobile syrup 
remained (70%), which was divided into two fractions by distill¬ 
ation : I, b. p. about 54°/0-07 mm., n D 1*4908 (yield over 30%); 
II, b. p. up to 82°/0*04 mm., 1*4597. Fraction I had a powerful 
aldehydic odour, restored the colour to SchifFs reagent, gave a red 
coloration with aniline acetate, and immediately decolorised neutral 
permanganate. 

The semicarbazone was prepared and twice recrystallised from 
alcohol; it melted at 166—167° and was identical with that obtained 
by the action of acetic anhydride and sodium acetate on tetra¬ 
methyl y-fructose (Found: 0,48*7; H, 5*5; OMe, 154; N, 21-7, 
C 8 HuO ? N 3 requires C, 48*7; H, 5*6; OMe, 15*7; N, 21*3%). 
The oxime also was prepared; after recrystallisation from light 
petroleum and ether, it melted at 103—104° and was identical with 
that obtained and described in the previous section (Fcuifidl 
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C, 54*1; H, 5*9; N, 9*1; OMe, 18*8. C 7 H 9 0 3 N requires C, 54*2; 
H, 5*8; N, 9*05; OMe, 20*0%). 

Fraction II contained some of the aldehyde already examined, 
and probably some unchanged tetramethyl y-fructose and inter¬ 
mediate products. 

In order to study the effect of more drastic treatment with mineral 
acid, the following experiment was carried out: The sugar (10 g.) 
was treated with concentrated hydrochloric acid (4 c.c.), the tem¬ 
perature being very gradually raised until at 80° a liquid began to 
distil. This was methyl alcohol. After remaining over-night at 
room temperature, the mixture was heated at 50°/0*l mm. until the 
methyl alcohol and water had been removed, leaving a residue 
(6 g.). The bath temperature was then raised and, the first two 
drops being rejected, a fraction (4*4 g.) was obtained, b. p. 70—75°/ 
0*4 mm., n \f 1*5060. A small, dark residue remained. 

Refractionation of 3 g. of the above material gave (1) 0*3 g., 
b. p. below 5070*05 mm., nf 1*5020; (2) 1*7 g., b. p. 5370*05 mm., 
Mb’ 1*5105; (3) 0*9 g., b. p. above 55°/0*05 mm., 1*5078. The 
middle fraction was crude <*-methoxy-5-methylfurfural (Found: 
C, 58*3; H, 6*0; OMe, 24*1. C 7 H 8 0 3 requires C, 60*0; H, 5*7; 
OMe, 22*1%). The oxime (m. p. 103—104°) and the semicarbazone 
(m. p. 166—167°) were prepared by the methods given above and 
were identical with the corresponding derivatives of the aldehyde 
prepared by the action of acetic anhydride on tetramethyl y-fructose. 
Mixed melting-point determinations of the corresponding oximes 
and semicarbazones gave no depression, the values being 103—104° 
and 166—167° respectively. 

The analytical figures given by the aldehyde indicated that a 
small quantity of a more highly methylated substance was present, 
and attempts were made to obtain the pure aldehyde by regenerating 
it from the crystalline semicarbazone. Hydrolysis by dilute hydro¬ 
chloric acid or by oxalic acid failed to give satisfactory results. 
The use of 18% hydrochloric acid appeared to liberate the aldehyde, 
but it changed at once to a dark, viscid mass which still retained 
the characteristic odour of the aldehyde. 

Oxidation of co-Jf ethoxy-5-methylfurfural to give <x>-Methoxy-5- 
methylfuran-2-carboxylic Acid .—The oxidation was carried out by 
Frankland and Aston’s method (J., 1901, 79, 515). Calcium 
hydroxide (1*5 g.) was made into a paste with water (5 c.c.), and 
the aldehyde (1 g.) was added; 13*6 c.c. of a solution of potassium 
permanganate containing 5*5 g. per 100 c.c. were then added, with 
constant stirring, during 30 minutes, the temperature being main¬ 
tained throughout at 10° by addition of ice as required. The 
mixture was heated on the steam-bath and filtered hot, and the 
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precipitated manganese oxides were repeatedly washed with hot 
water. The united filtrates were evaporated to dryness under 
d i mini shed pressure, and the acidified residue extracted with dry 
ether. The extract yielded a dark syrup, which was dissolved in 
a little water and carefully neutralised with dilute sodium hydroxide 
solution. Evaporation under diminished pressure gave the sodium 
salt, which, after being freed from some syrupy material by washing 
with ether, was clean and hard. A solution of it in a very slight 
deficiency of dilute hydrochloric acid was evaporated to dryness 
under dimini shed pressure, and the free organic acid extracted by 
dry ether. Removal of the ether gave a mobile syrup which crystall¬ 
ised when stirred. The solid was drained on porous earthenware 
and the pure a-methoxy-5-methylfuran-2-carboxylic acid was obtained 
by recrystallisation from light petroleum; it melted at 72—73° 
after slight softening at 69° and was optically inactive (Found: 
C, 54-0; H, 5*1; OMe, 18-9. C 7 H 8 0 4 requires C, 53*9; H, 5-1; 
OMe, 19-9%. 0*1996 G. required 12*7 c.c. of AyiO-NaOH for 
neutralisation. Calc, for C 7 H 8 0 4 , 12*8 c.c.). 

Preparation of &-M ethoxy-5-methylfuran-2 - carboxylic Acid from 
a-Bromo-S-methylfurfural .—The co-bromomethylfurfural was pre¬ 
pared by Fenton and Gostling’s method (J., 1899, 75, 429), the 
following modification giving an improved yield. Fructose (15 g.) 
was covered with dry chloroform (250 c.c.) saturated with hydrogen 
bromide. The mixture was heated at 60—65° for one hour and 
then kept at room temperature over-night. The product (4*9 g.), 
after recrystallisation from ether, had m. p. 60—61°. The pure 
crystalline co-bromomethylfurfural (7 g.) was simultaneously hydro¬ 
lysed and oxidised by means of silver oxide (60 g.) suspended in 
boiling water (Fenton and Gostling, loc. tit.). Isolation of the 
ca-hydroxymethyKurancarboxylic acid yielded a light brown, crystall¬ 
ine solid as crude product (5*6 g.), recrystallisation of which from 
ethyl acetate gave material having m. p. 159—161°; this m, p. 
was raised to 165*5—167° (turning brown at 158°) by two further 
crystallisations from alcohol-toluene. Fischer and Andreae give 
m. p. 165—167° (turning brown at 157°) (Found : C, 50*5; H, 4*3. 
Calc.: C, 50*7; H, 4*2%). 

Meihylation of <s>-Hydroxy-5-methylfuran-2-carboxylic Acid .—The 
acid (1 g.) was heated at 45—50° with methyl iodide (20 g.) and 
silver oxide (10 g.), addition of methyl alcohol (4 c.c.) being neces¬ 
sary to effect solution of the acid. Isolation of the product was 
followed immediately by a second methylation under similar con¬ 
ditions, the addition of only 1 c.c. of methyl alcohol now being 
necessary. For the third methylation no methyl alcohol was 
required. The product, on distillation, gave methyl <z-meihoxy~ 
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5-methylfuran-2-carboxylate (0-8 g.) as a colourless liquid, b. p. about 
61°/0*05 mm., 1*4938 (Found: OMe, 35*3. C 8 H 10 O 4 requires 
OMe, 36*5%). 

®-Methoxy-5-meihylfuran-2-carboxylic Acid. —Tbe above ester 
(0*2 g.) was warmed on the water-bath for 2 hours with a 1% 
aqueous solution of sodium hydroxide (10 c.c.). Hydrochloric 
acid was then added until the solution was acid to Congo-paper, 
and the. product was isolated by extraction with ether. Evapor¬ 
ation of the solvent gave a colourless syrup which immediately 
crystallised. Recrystallisation from light petroleum (b. p. 40—60°) 
gave pure co-methoxymethylfurancarboxylic acid, which, alone or 
mixed with a specimen prepared from tetramethyl y-fructose, 
melted at 72—74° after softening slightly at 69°. 

Preparation of a-Metlioxy-b-TMthylfuran-S-mboxylic Acid from 
Glucosamine. —Glucosamine hydrochloride (10 g.) was treated with 
nitrous acid to give chitose, and the latter, without being isolated, 
was oxidised by bromine to chitonic acid. The calcium salt of this, 
after being recrystallised from water (yield, 3*3 g. Found: Ca, 
9*35. Gale.: Ca, 9*3%), was converted (2*8 g.) into w-acetoxy- 
methylfurancarboxylic acid by the action of sodium acetate and 
acetic anhydride. The product (1*9 g.), recrystallised from ether, 
had m. p. 115—118° (Found: C, 52*0; H, 4*7. Calc, for C 8 H 8 0 5 : 
C, 52*2; H, 4*4%). 

The acetyl compound was hydrolysed by means of baryta, and 
the free acid obtained melted, alone or mixed with a-hydroxy- 
methylfurancarboxylic acid prepared from w-bromomethylfurfural, 
at 165—167°, colouring slightly at about 156°. The hydroxy-acid 
(0*5 g.) was heated with methyl iodide (10 g.), silver oxide (5 g.), 
and methyl alcohol (2—3 c.c.) at 45—50°; the methyl ester thus 
obtained was hydrolysed by means of N /4-sodium hydroxide 
(30 c.c.) for 2 hours on the water-bath, and the solution of the 
sodium salt was acidified. The o>-methoxy-5-methylfuran-2-carh- 
oxylic acid, after recrystallisation from ether, melted at 72—73°, 
alone or mixed with the specimens prepared from tetramethyl 
y-fruetose and from w-bromomethylfurfural. 

University or Birmingham, 
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CCII .—The Constitution of the Disaccharides. Part 
XIV . Melibiose and its Relationship to Raffinose . 

By W illiam Charlton, Walter Norman Ha-worth, and Wilfred 
John Hickinbottom. 

Raffinose was the subject of a constitutional study in an earlier 
communication (Haworth, Hirst, and Ruell, J., 1923, 123, 3125), 
wherein it was stated that completely methylated raffinose gives 
rise on hydrolysis to three methylated fragments: (1) normal 
tetramethyl galactose; (2) 2 : 3 :4-trimethyl glucose*; (3) tetra- 
methyl y-fructose, and in the course of recent work these experi¬ 
mental results were confirmed. The constitution advanced for this 
trisaccharide, translated into terms of the revised formulae for the 
constituent hexoses (Charlton, Haworth, and Peat, J., 1926, 89; 
Haworth and Hirst, ibid., p. 1858), is formulated 


ch 2 -oh 


a 


-o- 


CH-OH 

^• 0H 

ch 2 -oh 


t ch 

()h-OH 
o 9H-0H 
I CH-OH 
HpH 
CH 2 — 


(I.) 


-o- 


ch 2 *oh 

9H- 

9H‘0H 
CH-OH 0 
9H-0H I 
-CH- 1 


It was also stated that 4 ‘from this determination of the structure 
of raffinose it may be inferred that the constitution of melibiose 
proposed by Haworth and Leitch (J., 1919, 115, 809) receives 
substantial confirmation, but inasmuch as structural changes may 
occur in the resulting disaccharide when the fructose residue is 
eliminated from raffinose, it has been thought desirable to undertake 
a separate investigation of melibiose, which is now in progress.” 

The results of that investigation are now presented, and they 
support the view that the glucose and galactose residues occurring 
in raffinose are identical with those in melibiose. During the isol¬ 
ation of hendecamethyl raffinose in the earlier work, a small quantity 
of a crystalline by-product was encountered, m. p. 78°, which was 
considered to be a completely methylated disaccharide, probably 
melibiose. This had been formed by partial hydrolysis of raffinose 
during the process of methylation. This crystalline substance when 
purified (m. p. 101~y-103°) gave on hydrolysis 2:3:4:6-tetra- 
methyl galactose, and a liquid trimethyl glucose which on conversion 
into the glucoside gave the characteristic crystalline 2:3: 4-tri- 

* This formula was indexed as 2 : 3 : 5-trimethylglucose on the basis of the . 
older formula for glucose. 
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methyl (3-methylglucoside, m. p. 94 °, identical with that previously 
isolated from methylated raffinose. 

For the purpose of this comparison, we have again submitted 
hendecamethyl raffinose to hydrolytic cleavage, and have separated 
the trimethyl glucose fragment from the other methylated hexoses 
by extraction with chloroform. The tetramethyl derivatives of 
galactose and y-fructose are removed by this solvent, as is also a 
small proportion of the trimethyl glucose, but the greater proportion 
of the trimethyl glucose remains in the aqueous solvent. Isolation 
of this residue and conversion into the glucoside gave again the 
characteristic crystalline 2:3: 4-trimethyl [3-methylglucoside, m. p. 
93 — 94 °. Finally, we have prepared melibiose from raffinose and 
have transformed this sugar into heptamethyi methylmelibioside, 
which is a cryst alline compound. It has previously been described 
by Schlubach and Eauchenberger {Ber., 1925, 58, 1184) as forming 
needles, m. p. 98*5° (after twice crystallising from light petroleum). 
Ordinarily, the substance is found to melt at about this temperature, 
but two further crystallisations raised the melting point to 101 — 
103°, and t his specimen gave no depression of m. p. when mixed with 
the methylated melibiose isolated as a by-product during the methyl- 
ation of raffinose (see above). On repeated crystallisation, however, 
the m. p. was raised to 106—107°, and the specific rotation was 
correspondingly diminished from [a] D + 113° to [a] D + 97*8° (in 
water). 

It thus appeared that the material had been contaminated with 
what was probably an a-forrn of heptamethyi methylmelibioside ; 
indeed a portion of the material was isolated (m. p. 122—123°).* 
As is usual, however, in the methylation of sugars with methyl 
sulphate and alkali, the major bulk of the product was isolated as 
the ( 3 -form. This was hydrolysed with dilute mineral acid and the 
mixture of tetramethyl and trimethyl hexoses was separated by 
taking advantage of the greater ease with which a tetramethyl 
hexose may be extracted from aqueous solution by chloroform. 
Tr> this way this tetramethyl hexose was recovered from the 
solution in chloroform and was shown to contain crystalline 
2:3:4: 6 -tetramethyl galactose, m. p. 71—73°; [«]d +149*4 °—> 
116*9° (yield 50%). The portion remaining in the aqueous solution 
represented about 35 % of the weight of the original methylated 
melibiose. The latter product was liquid, and was transformed into 
a mixture of the, a- and ( 3 -methylglucosides by heating with methyl* 
alcoholic hydrogen chloride. This mixture of the two stereoisomeric 

* A mixture of the <z- and 0-fonns (m. p. 82°; [o]d + 145°) also gave on 
hydrolysis 2:3:4-trimethyl glucose, isolated as the ^-methylglucoside, m. p. 

28%). 



THE CONSTITUTION OF TEE D IS AC CH ABIDES. PART XIV. 1529 

forms of the glucoside distilled completely and underwent spontan¬ 
eous crystallisation immediately. Of the total yield of distillate, 
13 _ 15 % by weight was collected as the characteristic 2:3: 4-tri¬ 

methyl ( 3 -methylglucoside, which on recrystallisation gave m. p. 92°. 
The liquid portion of the distillate doubtless contained a further 
quantity of this crystalline material. 

Since the original distillate represented an equilibrium mixture 
of <x- and ( 3 -forms, the former of which is liquid, it will be recognised 
that the whole of the product cannot be isolated as the crystalline 
( 3 -variety. Proof of the identity of the glucoside was established 
by mixed melting-point determinations with specimens of the 
2 : 3 : 4 -trimethyl ( 3 -methylglucoside which had previously been 
isolated (a) from heptamethyl methylgentiobioside, ( 6 ) from methyl¬ 
ated amygdalin, (c) from methylated raffinose, references to which 
preparations are given in the experimental section of this paper. 
Furthermore, a specimen of the crystalline 2:3:4-trimethyl 
( 3 -methylglucoside has been specially prepared for the present 
comparison in the following way. 

The 6 -triphenylmethyl glucose (Helferich, Moog, and Jiinger, 
Ber 1925, 58, 872) was completely methylated with methyl iodide 
and silver oxide, and thereafter the triphenylmethyl residue was 
removed by hydrolysis. The specimen of 2:3:4-trimethyl 
( 3 -methylglucoside obtained in this way was identical in all respects 
with the above material obtained from methylated melibiose. 



The evidence adduced from these experimental results does not 
'appear to be capable of any simple interpretation other than that in 
melibiose there is present a glucose residue which is attached 
through its ( 6 ) position to the reducing group of the galactose 
residue, and therefore the formula (II) previously advanced by 
Haworth and Leitch (J., 1918, 113, 188) as modified by the intro¬ 
duction of the new oxide-ring formulae for the hexoses (Charlton, 
Hkvjrth, and Beat, J., 1926, 89) is fully supported. 

In the interim Zemplen (Ber., 1927, 60, 923) has advanced new 
structural formula for melibiose and raffinose, diSering from those 
which have been assigned by us to these sugars. The experimental 
evidence on whioh Zemplen bases his conclusions is the failure* which 

3 * 
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he records, to isolate a phenylosazone from the galaotoarabinose 
obtained by degradation of melibiose. Haworth and Long (this 
vol., p. 544) have already pointed out that an element of danger 
attaches to this method of proof, and indeed, the trimethyl hexose 
which would be expected on the basis of Zemplen’s formula for 
melibiose would be 2:4: 6-trimethyl glucose. Fortunately, we 
had a specimen of this sugar, and its glucoside, in our possession 
for the purpose of comparison, and it may be definitely stated that 
this sugar could not be isolated from the products of hydrolysis of 
methylated melibiose. 


Discussion of Results . 

The fact that melibiose is slowly attacked by the enzymes present 
in emulsin (Fischer and Armstrong, Ber., 1902, 35, 3144) has been 
widely interpreted in the literature as evidence for the classification 
of this sugar as a glucose p-galactoside. The specific enzyme for the 
hydrolysis of melibiose is, however, that occuiring in bottom yeast, 
which is designated melibiase. 

The observation of Helferich and Rauch (Ber., 1926, 59, 2655) 
casts doubt on the presence of a p-biose linking in this sugar, and 
these authors suggest that the configuration assigned may be 
incorrect. The following comparisons of the specific rotations may 
be considered in the discussion of this point. 


Md* 

Cellobiose (jS-glucose- 

j8-glucoside) ...;. +16° 

Gentiobiose (£-gIucose- 

/J-glucoside) . —11 

Lactose {j3-glucose- 

/f-galactoside) . +35 

Those disaccharides which possess indisputably a p-biose linking 
have low rotations as compared with maltose, which has an a-biose 
linking, and melibiose displays a rotation corresponding to that of 
maltose. Moreover, a-methylgalactoside has [a] D + 178*8°, whilst 
the specific rotation of P-methylgalactoside is ± 0°. If melibiose 
were a glucose p-galactoside, its rotation, on the analogy of the 
relationship of lactose to gentiobiose, should be nearly zero, whereas 
if it were a glucose a-galactoside the rotation should be comparable 
with that of maltose, which is the case. 

It has previously been remarked (Haworth and Leitch, J., j$ 919, 
115, 813) that there is some resemblance to maltose in the be¬ 
haviour of melibiose, and this resemblance may be due to a stereo- 
chemicalrather than a structural relationship. 

Hudson’s method of representation (J. Amer. Chem. Soc. } 


Mu- 


Maltose (p-glucose- 

a-glueoside) . +118° 

Melibiose . +124 
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1916, 38, 1566) the rotations of the disaccharides could each be 
divided into three parts as follows : 

Md, jS-form 

j3-form. octa-acetate. 


1. Lactose jS-galactose<glucose< Ga — L 2 + R x ... 4* 35° — 4° 

2. Oellobiose j3-glucose<glucose< G — L x 4* Bj. 4* 16 —15 

3. Maltose a-glucose<glucose< G + L x -f B x . 4*118 4*63 


From (2) and (3) by subtraction L = 51 for the p-forms of the sugar, 
and t his value is in excellent agreement with the value L = 50 for 
the lactonyl grouping in the simple glucosides and galactosides (re¬ 
calculated for mol. wt. 342 for disaccharides). Furthermore, 
Hudson has pointed out that the value + 19° for (P-lactose- 
p-cellobiose) agrees excellently with his calculated value + 18°. 

As further confirmation of these relationships, we may consider 
lactose and maltose. 

By subtraction 118 — 35 = G — Ga -j- 2L 
83 =» G - Ga + 102 

or Ga — G = 19 

(Hudson’s calc, value — 18.) 

In view of the above, it would appear possible to take the value 
L = 51 and use it in the case of melibiose, at least as a very fair 
approximation. 

If the rotation of melibiose be compared with that of gentiobiose, 
we have the following possible cases : 

j3-forra. 

1. Melibiose an a-biose a-galaetose<glucose< Ga 4- B 4- IV 4-124° 


2. Gentiobiose j3-glucose<glucose< C - L 4- R s .. — 11 

3. Melibiose a £-biose 0-galactose <glucose< Ga ~ L 4* B a . 4-124 


(a) Melibiose as an a-biose. 

From (1) and (2) the difference in rotation between the p-forms of 
melibiose and gentiobiose = 135 or Ga — G + 2L. From Hudson’s 
observed values for the experiment, Ga — G = 19, and L calculated 
as above and confirmed = 51. 


Hence calculated diff. = 121, 
observed „ = 135. 

(b) If melibiose is a p-biose, from (2) and (3) the difference in 
rotation = Ga — G. 


Hence calculated diff. = 19, 
observed „ = 135. 

Therefore presumably melibiose must be an a-biose, . 

Similar calculations based on the observed figures for the octa- 
acetates of the disacoharides, gentiobiose, melibiose, and the 
synthetic 6-glucosido-p-galaetose of Helferich and Rauch {l oo, 
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also favour the presence of an a- rather than a p-biose linking 
in melibiose, and the agreement between the observed and the 
calculated value for the expression Ga' — G' (107 and 113) is also 
fairly close, whereas the calculated figure for melibiose as a 
P-biose is 11. 

Occasion may here be taken to correct a misprint in the paper by 
Haworth, Hirst, and Ruell (loc. cit.) 3 where the m. p. of 2 : 3 : 4-tri¬ 
methyl p-methylglucoside is given as 74° instead of 94°. That this 
is a typographical error is seen from the context, since this product 
was described as being identified by a mixed m. p. determination 
with the same product from amygdalin biose (gentiobiose), described 
in the paper immediately preceding it in the Journal (Haworth 
and Wylam, be. tit.), where the m. p. is given as 94*5°. Again, the 
m. p. 94°, and not 74°, is given in the abstract of Haworth, Hirst, 
and Ruell 5 s paper published about the same date (J. Soc. Chem. Ini., 
1923,42,1139); and is also given as 94° in the preliminary notice of 
papers to be read at the meeting on November 15th, 1923. These 
facts appear to have escaped the knowledge of Irvine and Macdonald 
(J., 1926,1507), who on the basis of this misprint criticise the formula 
we have applied to raffinose. 

Experimental. 

Melibiose was obtained from raffinose by fermentation of the latter 
with top yeast containing a small quantity of malt sprouts as 
recommended by Hudson (J. Amer. Chem. Soc. s 1915,37,2734), and 
the resulting disaccharide was identified as melibiose by the melting 
point and specific rotation of the octa-acetate. 

Methylation .—To melibiose (22 g.), dissolved in 100 c.c. of water, 
56 c.c. of sodium hydroxide solution (30%) and 38 c.c. of methyl 
sulphate were added at 30° over a period of 3 hours. By cautious 
and simultaneous addition of these reagents the solution was not 
permitted to become alkaline until the sugar had been deprived of its 
reducing activity. Thereafter 28 c.c. of the alkali were added, the 
temperature was raised to 70°, and the remaining portions of the 
reagents (making in all 196 c.c. of 30% sodium hydroxide and 
107 c.c. of methyl sulphate) were admitted slowly. Eor example, 
lots of 14 c.c. of alkali and 7*6 c.c. of methyl sulphate were simultane¬ 
ously admitted during a period of 25 minutes, with vigorous stirring. 
Finally, the solution was heated at 100° for an hour, then cooled, 
stirring being continuous during the separation of sodium sulphate. 
Over-night, more sodium sulphate separated. This was filtered off 
and washed with chloroform, and the filtrate was extracted four 
times with more chloroform. The latter extracts yielded 15 g. of 
product. The aqueous residues were neutralised, evaporated, 
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and extracted with alcohol, and the portion of partly methylated 
melibiose which was more soluble in water was thus recovered 
(10 g.). 

The combined products were again submitted to the action of 
methyl sulphate and alkali, and to ensure complete methylation 
the products from this treatment were twice methylated with 
Pur die’s reagents. 

The material isolated by following this procedure was a viscid 
syrup which crystallised almost completely on nucleation with a 
specimen of heptamethyl methylmelibioside which had been 
isolated during the earlier experiments on the methylation of raffin- 
ose. The crude solid (yield, over 20 g.) was recrystallised from 
light petrole um several times (Found: OMe, 54*3. Calc., 54*7%). 
The initial m. p. of the crude methylated melibiose, 85—90°, was 
raised considerably by repeated crystallisation from light petroleum, 
and after four or six such recrystallisations the crystals had m. p. 
101—103° and showed [a] D +113*8° in water (c = 1*22). 
Ordinarily, this might have been regarded as a pure specimen of 
heptamethyl p-methylmelibioside, and Schlubach and Rauchen- 
berger (Ber., 1925, 58, 1184) describe the substance as melting at 
98*5°. This material gives correct analyses, but it seemed to us 
doubtful whether it was stereochemically pure. By reerystallising 
this five times, the crystals showed a higher melting point, 106— 
107°, and a diminished rotation, [a] D + 97*8° in water (c = 1), 
4* 85*0° in ethyl alcohol (c = 1*1) (Found : C, 52*8; H, 8*5; OMe, 
53*5. Calc.: C, 52*9; H, 8*4; OMe, 54*7%). It was thus evident 
that the purification had resulted in the removal of the oc-stereo- 
isomeride, and elsewhere we describe what appears to be the 
a-variety, m. p. 122—123°. 

Hydrolysis. —A solution of 2 g. of heptamethyl methylmelibioside 
in 150 c.c. of 5% hydrochloric acid was heated at 95—100°. The 
rotations in a 1 dm. tube showed [a] D 1*34° (initial); 1*22° (1 hr.); 
L21° (2| hrs.); 1*18° (4 hours); 1*18° (5£ hours). The solution 
was neutralised with silver carbonate, filtered," and treated with 
charcoal to remove traces of silver, and the concentrated filtrate was 
extracted five times with chloroform. This extract on evaporation 
gave 1 g. of a syrup which crystallised spontaneously after 2 weeks; 
m. p. 71—73° (after crystallisation from light petroleum). It was 
recognised as 2: 3 :4 : 6-tetramethyl galactose by direct comparison 
and mixed melting-point determination with the specimen prepared 
from lactose by Haworth and Long (this vol., p. 544), [«] D + 
149*4°—^116*9°. 

The anilide also was prepared; m. p. 192—193°, unchanged in 
adrhixture with an authentic specimen of tetramethyl galactose 
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anilide. Tlie portion of the hydrolysed product which was not 
extracted by the chloroform was recovered on evaporation of the 
aqueous solution under diminished pressure. This was a liquid 
(0*65 g.) representing the trimethyl hexose fragment of the hydro¬ 
lysed product. A small quantity of this material was also present 
in the chloroform extract already mentioned, containing principally 
the tetramethyl galactose fragment, so that approximately equal 
weights of the latter and of the trimethyl hexose comprised the 
total products of hydrolysis (weighing 1*65 g.). 

The syrupy trimethyl hexose was dissolved in dry methyl alcohol 
containing 0*5% of hydrogen chloride and heated at 100—110° for 
10 hours. Neutralisation of the solution with freshly precipitated 
silver carbonate and removal of the solvent led to the isolation of a 
glucosidic substance, having no action on ffehlings solution and 
distilling under 0*01 mm. almost completely from a bath heated to 
110—130°. The colourless distillate crystallised spontaneously in 
the receiver, but the crystals were contaminated with liquid, which 
was drained on porous tile. Evidently both a liquid a-form and a 
crystalline p-form of the glucoside were present. The crystalline 
product was purified by means of light petroleum and obtained as a 
mat of interlaced needles, m. p. 92°, and this m. p. was not depressed 
by admixture with 2:3: 4-trimethyl p-methylglueoside which had 
previously been isolated from (a) methylated gentiobiose (Haworth 
and Wylam, J., 1923, 123, 3120), (b) methylated amygdalin 
(Haworth and Leiteh, J., 1922,121, 1921), (c) methylated raffinose 
(Haworth, Hirst, and Kuell, be. cit.) } (d) a specimen obtained from 
6-triphenylmethyl glucose (compare Helferich, Moog, and Jiinger, 
loc , tit.) which had been methylated with methyl iodide and silver 
oxide and hydrolysed to remove the triphenylmethyl residue. 

Hydrolysis of Hendecamethyl Raffinose.—A specimen of this 
derivative of raffinose remained over from the previous research 
and it was considered desirable to obtain confirmation of the identity 
of the trimethyl glucose fragment occurring in the mixture of hydro¬ 
lytic products obtained by digesting hendecamethyl raffinose with 
dilute mineral acid. Accordingly, 3*7 g. were hydrolysed at 85° 
with-150 0 , 0 . of 5% hydrochloric acid. The subsequent treatment 
of theproductsfollowed the usual procedure, but instead of separating 
the mixture of partly methylated hexoses by distillation, the 
neutralised aqueous solution of these was extracted several times 
with chloroform. This treatment completely removed the fructose 
and galactose fragments, and the aqueous solution was now 
evaporated under diminished pressure, giving rise to the trimethyl 
r hexose, which appeared as a syrup. Digestion of this syrup with 
ihsihsd-hlcoholic hydrogen chloride (containing 0*53% HOI) during 



THE CONSTITUTION OF THE DISACCHABTDES, PAET XIV. 1535 

10 hours at 110° gave, on neutralisation followed by evaporation of 
the solvent, a glucoside which distilled completely, and the distillate 
afterwards crystallised, giving long, colourless needles, m. p. 92-5°. 
This was identified as 2:3:4-trimethyl p-methylglucoside by 
admixture with the authentic specimens previously referred to 
(Found: C,50*7; H, 8*5. Calc.: C,50*8; H, 8-5%). 

Isolation of Heptamethyl Methylmelibioside from the Products of the 
Methylation of Raffinose [with D. A. Ruble].—* On fractional dis¬ 
tillation of crude hendecamethyl raffinose prepared by repeated 
methylation of raffinose (Haworth, Hirst, and Ruell, J., 1923, 123, 
3125)) a syrupy product (b. p, 185—19070*03 mm.,; %> 1*4660) 
was obtained. This solidified after some days and purification by 
means of light petroleum yielded crystals, m. p. 78°, which after 
further recrystallisation melted at 101—103° and had [a] D + 113*8° 
in water (c = 1*22). Analytical data indicated that this crystalline 
substance was a completely methylated disaccharide (Found: 
C, 53*3; H, 8*4; OMe, 51*8. Calc.: C, 52-9; H, 8*4; OMe, 54*6%). 
On admixture of this compound with an authentic specimen of 
heptamethyl methylmelibioside, m. p. 101°, the melting point showed 
no depression. 

Hydrolysis and Identification of Cleavage Products. —Heptamethyl 
methylmelibioside was hydrolysed under conditions identical with 
those applied in the case of methylated raffinose (Haworth, Hirst, 
and Ruell, loc. cii.) and the process was complete after 24 hours : 


Time in hours . 0 6 13 18 24 30 

[a] D . +106° 93-9° 88*3° 82*3° 73-6° 74*0° 


A syrupy, amber-coloured product was obtained which was soluble 
in dry ether. The syrup was digested in ethyl-alcoholic solution 
with excess of aniline for 3 hours, and on removal of the solvent and 
of free aniline, a semi-solid mass remained. Drainage on porous 
tile gave crystals which, purified by means of ethyl alcohol, appeared 
as silky needles, in. p. 192—193°, identical in all respeots with a 
specimen of tetramethyl galactose anilide previously prepared from 
methylated raffinose or lactose, in admixture with which the'm. p. 
was not depressed. ’ 

The syrup separating after removal of the crystals of tetramethyl 
galactose anilide was dissolved in alcohol, and the solution clarified 
with charcoal; on concentration a further small quantity of crystals 
separated, which were identical with the anilide mentioned above. 
Complete evaporation of the solution gave a viscid syrup, which was 
dissolved in a little aqueous alcohol and rendered faintly acid to 
Congo-paper with hydrochloric acid. The solution was steam* 
distilled in order to remove traces of aniline, and the aqueous residne 
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was again clarified and evaporated to dryness in a vacuum. The 
product obtained from this treatment was dissolved in methyl 
alcohol containing 0-5% of hydrogen chloride, and heated in sealed 
tubes at 110° for 10 hours. Thereafter the solution was neutralised 
with silver carbonate, and the filtrate evaporated. Extraction of this 
residue with dry ether yielded a viscid liquid, which distilled at 
0*01 mm. from an oil-bath heated at about 140°. The distillate was 
a colourless liquid which partly crystallised on nucleation with 
2:3:4-trimethyl (3-methylglucoside. The crystals were collected 
and washed in light petroleum; they then melted at 90—91°. 
Recrystallisation from light petroleum gave m. p, 93—94°. On 
admixture with a specimen of 2 : 3 : 4-trimethyl p-methylglucoside 
obtained from a previous research on the constitution of gentiobiose, 
no depression of melting point was observed. 

Armstrong College, University or Birmingham, 

Newcastle-on-Tyne. Edgbaston. 

{Received, May 5 th, 1927.] 

CCIIL —The Chemistry of the Three-carbon System . 
Part XII . The Effect of Positive Substituents in 
the a-Position on the Tautomerism. 

By Georoe Armand Robert Kon and Bindioawavale 
Tirijmalachar Narayanan. 

In studying the influence of substituents on three-carbon tautomer¬ 
ism, we examined first the effect produced by a group in the a-posi- 
tion, that is, attached to the carbon atom bearing the negative 
activating group. The effect of introducing a negative or activating 
group in this position has been discussed (Kon and Speight, J., 1926, 
2727); the effect of a positive group on the mobility and point of 
equilibrium of three-carbon systems is described below. 

Theoretically, the effect of a positive substituent in the oc-position 
should be a general diminution of the mobility of the system—a 
phendmenon frequently observed in keto-enol systems, glutaconic 
esters, etc. The effect on the position of equilibrium is less easy to 
forecast, because it is probably made up of more than one factor, 
both polar and steric in nature. It must be assumed that the polar 
effect diminishes that due to the activating group; and as this 
favours the ajB-phase, it is to be expected that the (By-phase will be 
favoured by the presence of an a-alkyl group. A phenyl group 
should behave in the same way from the electronic point of view, 
but the strong tendency to conjugation exhibited by this group 
pfi^ead and Williams, J., 1926, 2735; Johnson and Kon, ibid., 
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p. 2748) would probably neutralise this tendency, and it would be 
expected that the a (3-phase in a-phenylated systems would possess 
considerable stability. We were not able to study this case owing 
to diffic ulty in preparing suitable material for investigation; we 
have, however, examined a number of systems bearing an ethyl 
group on the a-carbon atom and belonging to several representative 
types, namely, acids, ketones, and nitriles of the general types 
(I), (II), and (III). 


>c:c<? g:S> c:o <x CH - < ™:S> 0:0 < 


CH 2 *CH2 

(III.) 


C0 2 H, COMe, or CN. 


The properties of the first two groups of compounds axe in full 
agreement with theoretical considerations. The mobility of the 
systems appears to be less than that of the parent substances; 
indeed, Birch, Kon, and Norris (J., 1923, 123, 1361) had failed to 
condense a-ethyl-A^cf/dohexenylacetone with ethyl sodiomalonate 
and concluded that this ketone did not react in the ap-phase. That 
statement requires revision, for the condensation does proceed, 
although it requires a considerable time for completion. The 
mobility of the system in ketones of this series is, however, still 
considerable, because only one substance, having in every case the 
Py-structure, is obtained under the conditions of the Blaise-Maire 
synthesis from either the ap- or the Py-acid; the conversion of 
ap-acids into their Py-isomerides on treatment with alkali is actually 
unexpectedly rapid. These facts indicate that the Py-forms of the 
compounds in question are even more favoured than those of the 
parent (unsubstituted) compounds and that the mobility of the 
system is not very greatly affected. 

It is, therefore, all the more surprising to fiitd that the a-sub- 
stituted nitriles, of which several have been prepared by Birch and 
Kon (J., 1923, 123, 2440), constitute a sharp contrast to the acids 
and ketones just mentioned. They are invariably obtained in the 
ap-form, and no direct evidence had until lately been obtained of 
the existence of a Py-phase, although it is abundantly proved that 
unsubstituted nitriles, such as cycZohexenylacetonitrile, exist in the 
Py-form, but can also react in the ap-form (compare Birch and Kon, 
loc. cit.). Whilst this difference appears at first to be in con¬ 
tradiction with theoretical considerations, it is capable of a ready 
explanation. The reaction by which a-substituted nitriles are 
produced involves the elimination of ethyl carbonate from the 
corresponding cyano-esters under the influence of alcoholic sodium 
ethoxide and it has been shown by Ingold and Thorpe (J,* 1919, 

3ff2 
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115, 143) to proceed in many cases in the presence of very small 
amounts of the reagent. The cyano-esters from which they are 
produced have necessarily a py-unsaturated structure (IV) and it 
has been assumed hitherto that the Py-form (V) of the nitrile would 
be produced at first: 


—CH 2 v /CN 

>OCfR 

—CH<^ \C0 2 Et 
(IV.) 


-GH*. /CN 

>C-CfR +CO(OEt) 2 
—CHy NS 

(V.) 


This view of the mechanism is, however, incorrect; the only way 
in which the system can reacquire its mobile hydrogen atom, and 
one which at the same time explains the ready occurrence of such 
reactions, consists in the addition of the elements of alcohol to the 
double bond, the hydrogen becoming attached to the y-carbon atom; 
the system then loses ethyl carbonate with the formation of an 
ap-double bond: 


■>Kl 


CB/ | 

H OEt 


€0 2 Et 



This possibility was overlooked in the original paper (Birch and 
Kon, loc . cit.), but it would appear that the scheme now suggested 
is of general application and that ap-unsaturated compounds are 
always produced by the elimination of ethyl carbonate from fully 
substituted but potentially tautomeric systems (compare Thole and 
Thorpe, J., 1911, 99, 2191; Thorpe, J., 1912, 101, 871; Feist, 
Annaien, 1922, 428, 25). 

The ap-compounds so produced can, of course, pass into the 
Py-forms if they are sufficiently mobile under the conditions of the 
experiment; this is, apparently, not the case for the nitriles under 
discussion. The probable reason for this lack of mobility was 
suggested by Prof. R. Robinson (private communication), who 
pointed out that the retarding effect of the a-alkyl group on the 
mobility of the system was likely to be greater the weaker the 
activating group on which mobility ultimately depends; it would 
be greatest in a System activated by a weak group such as CN 
(compare Bradley and Robinson, J., 1926, 2356). For this reason, 
a-substituted nitriles are probably static or nearly so and are there¬ 
fore isolated in the ap-form, although this may not be the most 
stable. Experiments have been undertaken to confirm this view : 


: tfce Py-isOmeiide of c^ck?hexylidenebutyronitrile has already been 
found to differ from the ap-eompound; its properties 
apd[.,3|OW under investigation. 
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The a-substituted nitriles can be hydrolysed by means of alcoholic 
sulphuric acid to the corresponding ap-unsaturated esters (or ester 
containing a high proportion of the a (3-compound), but these cannot 
be further hydrolysed to the acids without undergoing conversion 
into the py-form. 

Some experiments were carried out to ascertain the positions of 
eq uilibr i um between the a(3- and Py-acids in the presence of alkali 
of various concentrations, but an exact estimate was impossible 
owing to the insufficient analytical methods available at the time. 
Conversion of the acids into their amides shows, however, that the 
equilibrium is so much on the side of the Py-compound that the 
presence of the ap-isomeride cannot be recognised with certainty. 
The acids are mostly liquids and extremely difficult to purify, and 
therefore do not lend themselves well to investigation by the 
analytical methods recently developed by Linstead (this vol., p. 
355). 

The semicarbazones of the a-substituted ketones are isolated in 
only one form in the ordinary way; a small amount of a second 
form can, however, be obtained in all cases by previously treating 
the ketone with cold sodium ethoxide for 40 hours. 

The oxidation of ketones of this group is always difficult. Ozon- 
isation, however, gives definite evidence of the Py-fonn of these 
substances; in every case an oil, giving a deep colour with ferric 
chloride, is formed, evidently according to the scheme 


/CH^CB^v .CH 2 -CH 2 \ 


/vXig vXig \ _ y 

OH/ Ac-CHEt-COMe CH 2 < 

\CH 2 -ChX —> N 


CO-CHEt-COMe 


OH 2 -CHO 


W© have, moreover, succeeded in oxidising one of the ketones to 
the corresponding acid by means of hypobromite, the py-acid being 
the sole product obtained. 


Experimental. 

1 ^Hydroxy-a-ethylcjclohexcmeaceUc Acid .—The ester was obtained 
by the Reformatski reaction as described by Wallaeh (Annalen, 
1908, 360, 44); the yield (55%) was slightly improved by adding 
the magnesium in several portions. The hydrolysis of the ester was 
difficult and considerable fission into ketone and butyric acid always 
occurred. The best method was as follows : 100 G. of the ester were 
added to a hot solution of 100 g, of potassium hydroxide in 100 c.c, 
of water; 100 c.c. of methyl alcohol were then added gradually and 
the mixture was refluxed for 2—3 hours. The solution was freed 
from alcohol under reduced pressure, diluted, extpeted ^ 
and acidified with ice-cold 30% sulphuric acid. The 
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liberated was extracted with ether, dried, and distilled under reduced 
pressure, some 24 g. boiling at 167—170°/16 mm. This fraction 
was a viscous oil with a strong odour of butyric acid; 1*0010, 
1*46798 (Found: C, 64*7; H, 10*05. C 10 H 18 O 3 requires 
C, 64*5; H, 9*7%. Found for the silver salt: Ag, 36*9. C 10 H 17 O 3 Ag 
requires Ag, 36*9%). 

a-Ethyl-z^-cyclohexenylocetic Acid .—The hydroxy-ester on 
dehydration with phosphorus oxychloride or potassium hydrogen 
sulphate yielded ethyl a-ethylcycfchexenylacetate (Wallaeh, loc. 
cit.), b. p. 112—116715—18 mm., d 1 ^' 0*862624, 145593; 

[5x]d 67*09 (Calc., 56*72) (Found: C, 63*8; H, 9*9. Calc.: C, 63*5; 
H, 10*2%). The acid obtained from it on alkaline hydrolysis had 
b. p. 154—156720 mm., $2‘ 6 ’ 1*01528, n 147014 (Found : Ag in 
silver salt, 39*2. Calc.: Ag, 39*3%). Wallach’s hydrobromide, 
m. p. 106—107°, was readily obtained. The amide, prepared by 
leading dry ammonia into a benzene solution of the acid chloride, 
was recrystallised from dilute methyl alcohol and had m. p. 115— 
116° (Found: C, 71*3; H, 10*4. C 10 H 17 ON requires C, 71*8; 
H, 10*2%). The p -toluidide was similarly obtained and had m. p. 
115° after crystallisation from alcohol (Found : N, 5*6. ^17®230N 
requires N, 5*4%). 

A small quantity of the acid was ozonised in dry chloroform 
solution, and the ozonide shaken with cold water for 20 minutes. 
The aqueous solution gave a deep violet colour with ferric chloride; 
20% sulphuric acid was then added and the product steam-distilled. 
Adipic acid was identified in the residue in the flask. 

OL-Ethylcyclohexylideneacetic Acid .—This acid was prepared by 
treating the hydroxy-acid with acetic anhydride in the usual 
manner and isolated from the steam distillate by means of ether. 
On distillation, some hydrocarbon, a fraction, b.p. up to 160°/20mm., 
and one, b. p. 164—166°/20 mm., were obtained, the last being the 
almost pure ap-acid. This had d$T°* 1*01831 and 147977 (Found 
in the silver salt: Ag, 39*3. Calc.: Ag, 39*3%). The yield was 
poor (20%). 

An attempt was also made to prepare the acid from the ester 
obtained by hydrolysis of a-c^c?ohexyMenebutyromtrile, b. p. 
I 2972 O mm * (Farrow and Kon, J., 1926, 2128), as described by 
Harding, Haworth, and Perkin (J., 1908, 93, 1949); the crude ester 
had b. p. 120—124720—23 mm., 0*936298, n\?*' 146827, 
[-RjJd 58*22 (Calc., 56*72). The ester on careful alkaline hydrolysis 
gave a mixture of acids in which the py-acid predominated. 

The chloride, prepared by the action of thionyl chloride, boiled 

; * The b. p. of this substance was omitted in the original description (loc. 
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at 110—112°/20 mm. and gave an amide , m. p. 104—105° after 
crystallisation from dilute alcohol, in which it is more soluble than 
the Py-amide; a mixture of the two amides melted at 94—98° 
(Found: 0,71*3; H, 10*6%). The p-toluidide melted at 104°. 

The acid did not give well-defined oxidation products with 
permanganate; on treatment with ozone in chloroform solution, 
traces of cyclohexanone and some adipic acid were obtained. The 
product obtained by treating the ozonide with cold water did not 
give a colour with ferric chloride. 

Equilibration Experiments. —3*36 G. of a-ethylcycfohexylidene- 
acetic acid (the a (3-acid) were boiled with a large excess of 20% 
sodium hydroxide solution for \ hour. The product was isolated 
in the usual way and separated into a neutral and an acid portion 
by means of sodium hydrogen carbonate. The neutral compound 
(0*5—0-7 g.) was evidently a lactone; it was converted into the 
silver salt of the corresponding hydroxy-acid (Found : Ag, 37 *0. 
Calc, for C 10 H 17 O 3 Ag : Ag, 36-9%). The acid recovered from the 
bicarbonate solution was converted into the amide, which melted 
at 106—108° (mixed m. p. with the Py-amide, 106—110°) in the crude 
state and at 114° after two crystallisations. 

The experiment was repeated with 50% alkali. A larger quantity 
(1—1*2 g.) of the lactone was obtained, the amide of the acid melted 
at a lower temperature, and by repeated crystallisation some 10% 
of the ap-amide could be isolated from it, in addition to the py-amide, 
m. p. 114°. 

a-Ethyl-A 1 -cyc?ohexenylacetic acid (the Py-acid) also was treated 
with 20% potassium hydroxide solution. About 0*5 g. of the 
lactone was isolated; the amide obtained melted at 113—114° 
after two crystallisations; the ap-amide was present only in traces. 

<x-Ethyleyc\ohexenylacetone. —This ketone was obtained in 50—55% 
yield by the action of zinc methyl iodide on the chloride of either 
the ap- or the py-acid; the latter reaction has already been carried 
out by Birch, Kon, and Norris (loc. cit.). It is most conveniently 
prepared by the ethylation of cycfohexenylacetone in the presence 
of sodium (Kon, J., 1926, 1792) or sodium ethoxide. The semi* 
carbazone has m. p. 177—182° (crude) and 185° after crystallisation 
(Found: C, 64*1; H, 9*3; N, 19*0. Calc.: C, 64*6; H, 9*4J 
N, 18*8%). The ketone regenerated from it had d\f 6 * 0*92011 And 
%> 1-46798 and gave the same semicarbazone on treatment with 
semicarbazide. v 

The ketone (3*32 g.) was kept for 40 hours in a solution of 0*46 g* 
of sodium in 10 c.c. of alcohol. The ketone was recovered (2>6:g.) 
and converted into the semicarbazone (1*2 'g,), which melted at 
167—180°. On recrystallisation from alcohol, this" * 
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m. p, 185°; the mother-liquor on dilution gave a crop, m. p. 172— 
176°. After two more crystallisations, 0*1 g. was obtained, m. p. 
175—176° (mixed m. p. with compound of m. p. 185°, 167—172°). 

A solution of the ketone (2*24g.) in acetic acid at — 4° was saturated 
with hydrogen bromide and poured into water after 15 minutes. 
The brown oil obtained was isolated by means of ether, the ether 
removed, and the bromo-ketone warmed on the steam-bath with 
aqueous sodium carbonate for 15 minutes. The regenerated ketone 
was converted into the semicarbazone, which melted at 185° after 
one crystallisation; no other semicarbazone appeared to be formed. 

Attempts were made to alkylate the ketone in the presence of 
u molecular ” sodium or sodium ethoxide, but no trace of alkylation 
product was obtained. 

The ketone (5*4 g.) was heated over-night with ethyl malonate 
(5*2 g.) and sodium (0*82 g.) in 20 c.c. of alcohol. The product was 
cooled and poured into water, neutral impurities were removed 
with ether, and the aqueous layer was strongly acidified and again 
thoroughly extracted with ether. On removing the ether, a solid 
(6*5 g.) was obtained which gave a blood-red colour with ferric 
chloride, and melted at 76—77° after crystallisation from benzene 
and petroleum; it was hydrolysed by boiling it for 3 hours with 
20% potassium hydroxide solution. The product was acidified, 
warmed for another hour, and shaken with ether. The dried extract 
gave on evaporation a solid, which was recrystallised from acidified 
water and again from dilute alcohol; lustrous needles, m. p. 159— 
160°, of oyclohexanes^ko^ethylcyclohexane-S : 5-dione were thus 
obtained (Found: O, 74*8; H, 9*9. requires C, 75*0; 

H, 9*6%). 

Oxidation of OL-Ethylcyclohexenylaceione .—The ketone (2*5 g.) was 
suspended in a solution of 1*2 g. of potassium hydroxide in 10 c.c. 
of water and kept at 0° while 0*8 c.c. of bromine was gradually added 
with shaking; the mixture was kept at 0° over-night. A part 
of the ketone remained unchanged; from the alkaline liquid an acid 
was obtained (1 g.) which was converted into the amide (m. p. 
108—112°; 113—114° after crystallisation); this was identified as the 
Py-amide (a-ethyl-A 1 -cycZohexenylacetamide) by direct comparison. 

No definite products were obtained on oxidation of the ketone 
with potassium permanganate; with ozone, an ozonide was formed 
which decomposed when shaken with cold water. The product, 
which gave a deep violet colour with ferric chloride, was mixed 
with 20% sulphuric acid and distilled in steam, but no definite 
products except adipic acid could be identified, 
i—This ester was pre- 
paj^d from c^cfopentanone as was its higher homologue from cyclo - 
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hexanone, some 40 g., b. p. 127-—137°/20~25 mm., being obtained 
from 1 g.-mol., in addition to 20 g. eaoh of high and low fractions 
(Found: 0,66-5; H, 9-8. CnHgoOg requires C, 66-0; H, 10-0%). 
The acid was obtained in 42% yield, b. p. 157—160°/23 mm., df** 
1-01232, nf*' 1-43869, 44-55 (Calc., 44-65) (Found: C, 62-6; 

H, 9-5. C 9 H 16 0 8 requires C, 62-8; H, 9-3%. Found in silver salt; 
Ag, 38-8. C 9 H 15 0 3 Ag requires Ag, 38-7%) . 

cc-Mhyl-^-cyclopentenylacetic Acid .—-This py-acid could not be 
prepared by the usual method involving the dehydration of ethyl 
1-hydroxy-a-ethylc^c?opentaneacetate and hydrolysis, because the 
hydroxy-ester remained practically unchanged after treatment with 
potassium hydrogen sulphate and with anhydrous oxalic acid, whilst 
phosphorus oxychloride gave a very small yield of an impure ester 
accompanied by tarry by-products. Thionyl chloride also was 
unsatisfactory. The hydroxy-aoid (44 g.) was boiled with 250 c.c. 
of 20% sulphuric acid for 2 hours, the product distilled in steam, 
and the distillate extracted with ether and divided into neutral 
(8 g.) and acid (15 g.) constituents. The latter consisted of an oil, 
b. p. 138—142°/15 mm., in addition to about 1 g. of a solid acid, 
m. p. 80—81° (the ap-acid). The oily Py-acid has a strong odour of 
butyric acid, dg*‘ 1-01909, 1-47525, [Bjk 42-65 (Calc., 42*75) 

(Found: C, 70-5; H, 8-7. C 9 H 14 0 2 requires C, 70-1; H, 9-1%. 
Found in the silver salt: Ag, 41*4. C 9 H 13 02Ag requires Ag, 41-3%). 
The chloride , prepared by means of thionyl chloride, has b. p. 96— 
98°/20 mm.the amide obtained from it was appreciably soluble in 
water and formed lustrous needles, m. p. 102—103°, from dilute 
alcohol (Found: C, 70-2; H, 10*1. C 9 H 15 OIT requires C, 70-6; 
H, 9-8%). 

The acid readily adds on bromine in ether or acetic acid, but 
the bromide is unstable; the hydrobromide also was prepared in 
acetic acid solution, but could not be obtained solid. 

urEthyfoyclopentylideneacetic Acid. —This ccB-aeid was pre¬ 
pared from the hydroxy-acid (70 g.) by the method described on 
p. 1540. The first runnings were liquid; thereafter 14 g. of a solid, 
m. p. 80—81° after crystallisation from ether-petroleum, were 
obtained (Found: C, 70*4; H, 9-2. C 9 H 14 0 2 requires C, 70-1; 
H, 9-1%). The liquid by-product gave three fractions on distill¬ 
ation; 4 g. boiled below 100°/16 mm., 6 g. up to 158°, and 8 g, at 
158—162°. The chloride had b. p. 102—d06°/16—18 mm. ; the 
formed pearly plates, m. p. 97° (mixed m. p. with the py-amide, 
78—82°), from aqueous alcohol, and was less soluble than the 
Py-isomeride (Found: 0, 70*7; H, 10*1., 0 9 H I6 0N requires 
C, 70-6; H, 9-8%). Tthe bromide wm. unstable;the hydrobromide ' 
could not be obtained solid. \ , v:; 
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The nitrile was obtained in tiie same way as the higher homologue 
(Farrow and Kon, loc. cit), "the yield being 65%. It had b. p. 
116—118 o /20 mm., 0-923586, rig* 1 ' 147555, [R L ] D 41*22 (Calc., 

40*90). The nitrile was hydrolysed to the ethyl ester, which had b. p. 
116—118°/25 mm., dg* 0*936298, < 6 ‘ 1*47417, [#Jj> 54*65 (Calc., 
52*10). Both ester and nitrile gave cycZopentanone on oxidation 
with ozone. Hydrolysis of the ester led to a mixture of acids in 
which the gy-aeid predominated. 

u-Ethyl-A^cyclopentenylacetone .—This gy-ketone was obtained 
in about 60% yield by the action of zinc methyl iodide on a-ethyl- 
ct/cfopentenylacetyl chloride; the yield from the ocg-chloride was 
much lower (40%). The semicarbazone formed plates, m. p. 166— 
167°, from dilute alcohol, and was identical with that prepared 
from the ethylated parent ketone (Kon and Linstead, J., 1925,127, 
821). The ketone regenerated from it had b. p. 94°/15 mm., d^' 5 * 
0*917685, < 5 ‘ 1*45942, [B£b 45-32 (Calc., 45*72). 

The ketone was treated with sodium ethoxide exactly as described 
on p. 1541; the semicarbazone obtained from the product contained 
about 10% of a more soluble form, m. p. 143—145°. 

Addition and removal of hydrogen bromide produced no change, 
and attempts to introduce another alkyl group failed. 

The ketone condensed readily with ethyl sodiomalonate, the 
reaction being complete in 3 hours, but neither the dihydroresorcinol 
ester nor its hydrolysis product could be obtained solid; the liquid 
products showed the usual reactions of their class with ferric chloride, 
etc. A small amount of the diketone was oxidised with hypobromite 
and the resulting dibasic acid ( cc-ethyloycilopentane- 1: l-diacetic acid) 
was analysed in the form of its silver salt (Found: Ag, 50-8. 
C n H 16 0 4 Ag 2 requires Ag, 50*5%). 

The ketone formed an ozonide, which was decomposed by cold 
water to an oil giving an intense colour with ferric chloride but 
from which no definite compounds could be obtained on hydrolysis. 
Oxidation with permanganate also was inconclusive. 

$-Hydroxy-$-methyl-x-ethylpenianoic Acid .—The ester was pre¬ 
pared from methyl ethyl ketone as before; the reaction started very 
slowly, but the yield was good, being 127 g., b. p. 106—108°/18 mm., 
together with 20 g. of a lower fraction which can be used for prepar¬ 
ing the gy-ester (Found: C, 634; H, 10*9. C 10 H 20 O 3 requires 
0, 63*8; H, 10*8%). On hydrolysis, a 50% yield of the acid was 
obtained as an oil, b. p. 132—136°/20 mm. (Found for the silver 
salt: Ag, 40*6. CgH 15 0 3 Ag requires Ag, 40*5%). 

fi-Methyl-cL-ethyl-AP-peftitenoic Acid .—The preceding hydroxy- 
ester gave a 70% yield of ethyl g-methyl-a-ethyl-A^-pentenoate, 
b. p, 84—88720 mm., dg* 0*93160, 1*43618, [R L % 48*67 (Calc., 
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49*34) on dehydration with phosphorus oxychloride, and about a 
50% yield with potassium hydrogen sulphate. The acid , obtained 
on hydrolysis in 66% yield, was a liquid with a penetrating smell, 
b. p. 122—126°/20 mm., df* 0*95884, 1*45113, [H L ] D 39*90 

(Calc., 40*23) (Found for the silver salt: Ag, 43*3. C 8 H 13 0 2 Ag 
requires Ag, 43*4%). The chloride had b. p. 76—78718—20 mm.; 
the p-toluidide formed needles, m. p. 102—104°, from methyl 
alcohol. 

The acid in dry chloroform was treated with ozone, and the 
ozonide decomposed with water; acetaldehyde was formed in 
quantity and was identified by means of (3-naphthol as usual 
(compare Kon and Linstead, J., 1925, 127, 616). 

$-MethyLoi$-diethyl-A a -pentenQic Acid. —This acid, prepared in 
poor yield from (3 -hydroxy- (3-methyl- a (3-diethylpentanoic acid by 
means of acetic anhydride, had b. p. 126—130°/15—18 mm,, 
0*95930,7i‘g‘ 4 ° 1*45193, [jRJd 39*94, and was probably still contamin¬ 
ated with some of the hydroxy-acid, although the silver salt gave 
correct figures on analysis (Found : Ag, 43*3. Calc.: Ag, 43*4%). 
The chloride had b. p. 86—90°/20 mm.; a small lower fraction 
(b. p. 72—76°) also was obtained. The p-toluidide crystallised from 
methyl alcohol, in which It is more soluble than the (3y-toluidide, in 
plates, m. p. 112—113° (mixed m. p. 87—89°). The hydrobromide 
was unstable. 

B-Methyl-y-ethyl-A*-hexen-$-one. —This ketone was obtained in 
good yield from p-methyl-a-ethyl-A^-pentenoyl chloride. The 
semicarbazone formed lustrous needles or plates, m. p. 163—164°, 
from methyl or ethyl alcohol (Found : C, 61*3; H, 9*3. C 10 H 19 ON 3 
requires C, 60*9; H, 9*6%). The ketone regenerated from it had 
b. p, 72—74°/16 mm., dp 1 ' 0*85068, n]? 1 ' 143908, 43*30 

(Calc., 43*38). The same ketone was also obtained, although in 
poorer yield, from the a(3-chloride. The ketone was oxidised in dry 
chloroform solution with ozone; the ozonide on decomposition gave 
acetaldehyde, which was identified as before. 

The ketone was treated with cold sodium ethoxide for 48 hours 
(p. 1541). The semicarbazones prepared from the product consisted 
for the most part of S-methyl-y-ethyl-A 8 -hexen-j3-one semicarbazone, 
m. p. 163—164°, but contained also about 7% of a semicarbazone 
which melted, after repeated crystallisation, at 151—152°. A 
mixture of the two semicarbazones melted at 138—149°. After 
treatment with hydrogen bromide, the original ketone also gave a 
very small amount of a semicarbazone, m. p. 148—*149°. 

Attempts to alkylate the ketone were unsuccessful. The ketone 
condensed readily with ethyl sodiomalonate to a liquid ester which 
gave an intense colour with ferric chloride ; the dihydrorei^tol;: 
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obtained on hydrolysis of the ester did not solidify and was not 
further examined. 

The authors’ thanks are due to the Chemical Society for a grant 
which has partly defrayed the cost of the investigation. 

Impebial College op Science and Technology, 

London, S.W. 7 . [ Received ^ April 29 th , 1927 .] 


CCIV .—The Preparation of Unsaturated Ketones from 
the Chlorides of Hydroxy-acids. 

By George Armand Robert Eon and Bindigawavale 

TlRUMA LAOHAR NARAYANAN. 

In seeking to extend the methods by which ketones of the type of 
cydohexenylacetone are obtained, we were led to examine the action 
of zinc methyl iodide and of zinc ethyl iodide on the chlorides 
produced directly from hydroxy-acids, without previously convert¬ 
ing these into unsaturated acids. This object had already been 
partly achieved by Blaise and Maire (Am. Ghim . Phys., 1908, 15 , 
556), who acetylated the hydroxy-acids before converting them 
into their chlorides; they found, however, that this method failed 
when applied to j3-disubstituted acids, as these, instead of being 
acetylated, were dehydrated to a mixture of unsaturated acids. The 
work of Darzens ( Compt . rend., 1911, 152 , 1314, 1601) also made 
it appear probable that the action of thionyl chloride or phosphorus 
pentachloride on hydroxy-acids would lead to dehydration. 
Actually, it was found that cyclic (3-hydroxy-acids gave each a 
mixture containing, in addition to varying quantities of the chlorides 
of the two possible unsaturated acids, a considerable proportion of 
its own chloride, from which it could be regenerated. These 
chlorides, on treatment with zinc methyl iodide, gave ketones 
identical with those obtainable from the chlorides of the unsaturated 
acids. Thus, cydkpentanolacetic acid (I) gave a chloride (II) from 
which, on treatment with zinc methyl iodide, a fair yield of cyclo- 
pentenylacetone (III) was obtained. This ketone is probably best 

CH 2 <S 2 ^> ri<y OH y CH 2 \>p<yOH _ 

CH 2 *CH2 ch 2 *co 2 h —CH 2 TH 2 «C0C1 

(i«) (n.) 

•CH 2 -COMe (HI.) 

prepared by the process now described. The corresponding ethyl 
ketones were obtained only in very poor yield, owing to the simul- 
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taneous formation of the ethyl ester of the |3y-unsaturated acid. 
The production of this ester is at present unexplained. Experiments 
carried out with a few a-hydroxy-acids sufficed to show that the 
chlorides were highly unstable and had no practical value for the 
synthesis of ketones; a small quantity of tetrahydroacetophenone 
was, however, prepared from cycfohexanolcarboxylic acid. 

Experimental. 

1-Hydroxyc^cfopentane-l-carboxylic acid (43 g.) was treated with 
excess of thionyl chloride in the cold. When the frothing had sub¬ 
sided, the mixture was warmed for 20 minutes, and the excess of 
reagent removed in a vacuum. The chloride decomposed during 
distillation even under 3*5 mm. 

In another experiment the acid (43 g.) was gradually added to 
69 g. of phosphorus pentackloride and the mixture was warmed 
for 30 minutes, but no attempt was made to purify the chloride. A 
portion of it gave, on treatment with formic acid, the original acid, 
m. p. 103°. The crude chloride was then treated with zinc methyl 
iodide, but only a very small amount of a disagreeable-smelling, 
non-ketonic liquid was obtained. 

1 -Hydroxycycfohexane-1 -carboxylic acid behaved exactly like 
the lower homologue both with phosphorus pentachloride and with 
thionyl chloride. The action of zinc methyl iodide on the crude 
chloride gave a very poor yield of a substance which combined with 
semicarbazide, giving tetrahydroacetophenone semicarbazone (m. p. 
and mixed m. p. 216—-217°). The action of zinc ethyl iodide gave 
no ketonic product, but a small amount of an oil, b. p. 110—-114°/ 
20 mm., which appeared to be ethyl tetrahydrobenzoate. 

A chloride could not be obtained from hexahydromandelic acid. 

1-HydroxycycZopentane-l-acetic acid (48 g.), after treatment with 
excess of thionyl chloride, gave on distillation 5 g. of a chloride, 
b. p. 85—87°/17 mm., and 16 g. (30%) of another chloride, b. p. 
98—110°/17 mm. The former gave, when poured into formic 
acid, cycZopentenylacetic acid, m. p. 51—52°, and when treated with 
aniline, cyclo jpentenylacetanilide^ which crystallised from methyl 
alcohol in silky needles, m. p. 98° (Found : 0, 77-3; H, 7*9. 

requires C, 77*6; H, 7*5%). The higher-boiling chloride 
gave a mixture of anilides from which cyclopentylideneacetanilide 
could be isolated in nodules, m. p. 152—153°, after several crystall¬ 
isations (Found: 0, 77-2; H, 7*6. C 13 H 16 ON requires 0, 77-6; 
H, 7-5%). On pouring the chloride into formic acid, a gummy acid 
was obtained from which the original acid, m. p. 77°, was isolated 
after repeated treatment with benzene-petroleum. 

The action of zinc methyl iodide (1/3 mol.) on the l%her-1bbili% 
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chloride prepared from 48 g. of the hydroxy-acid gave 8 g. of a ketone. 
The semicarbazone prepared from this was separated by crystall¬ 
isation into three forms, m. p. 138°, 189°, and 121—122°, respect¬ 
ively, the last being apparently a constant-melting mixture of the 
other two. These were the two semicarbazones of cycZopentenyl- 
acetone (Kon, J., 1921, 119 , 823); the one of m. p. 138° was formed 
in greater quantity. 

The action of zinc ethyl iodide on the same chloride gave an ester, 
probably ethyl cycfopentenylacetate; no ketone appeared to be 
formed. 

The action of thionyl chloride on 1 -hydroxyc^cfohexane-1 - acetic 
acid (53 g.) gave 35 g. of a product, b. p. 95—98°/15—17 mm., 
consisting mainly of the chloride of the hydroxy-acid, as it gave the 
original acid on being poured into formic acid. The action of aniline 
on it gave a mixture from which the anilides of cycZohexenylacetic 
acid, needles, m. p. 117° (Found: C, 77*9; H, 8*2%) and of cydo- 
hexylideneacetic acid, m. p. 138—139° (Found: C, 78*4; H, 7*8. 
Ci 4 Hi 7 ON requires C, 78*1; H, 7*9%), were obtained. The anilide 
of the hydroxy-acid appears to be indefinite. 

The acid chloride from 53 g. of the acid was treated with zinc 
methyl iodide; 17 g. of cycfohexenylacetone, b. p. 102—104°/20 mm., 
identified by means of the semicarbazone, were obtained. 

The reaction was repeated with zinc ethyl iodide, but the yield 
of ketone was very much less, partly owing to the formation of ethyl 
cycfchexenylacetate in some quantity. The ketone gave two semi¬ 
carbazones, m. p. 153° and 184—185° respectively. The former is 
identical with the semicarbazone of A 1 -cycfohexenyhnethyl ethyl 
ketone (Kon, J., 1926, 1797), whilst the latter is isomeric with it 
and is probably the semicarbazone of the a (3-form [Found: (for 
the form of low m. p.) C, 63*2; H, 9*2; (for the form of high m. p.) 
C, 62*9; H, 9*5. C XQ H 17 ON 3 requires C, 63*2; H, 9*0%]. 

1 -Hydroxy- a-ethylcycfopentane-1 -acetic acid (see preceding 
paper) (29 g.) gave 17 g. of a chloride, b. p. 99—102°/25 mm. The 
chloride gave with ammonia a mixture of the ap- and the (3y-un- 
saturated amide, in the proportion of 1 : 2; a third amide, melting 
indefinitely at about 70°, was also obtained but could not be purified. 
The action of zinc methyl iodide (1/6 mol.) on 15 g. of the acid 
chloride gave 8*5 g. of a liquid, b. p. 103—105°/25—27 mm., from 
which the semicarbazone of a-ethyl-A 1 -cyc^opentenylacetone, m. p. 
166—167° after crystallisation, was readily obtained. 

1-Hydroxy- a-ethylcycfohexane-1 -acetic acid (see preceding paper) 
(30 g.) gave 22 g. of a chloride, b. p. 122—127°/20 mm. This, on 
treatment with ammonia, gave an amide, m. p. 108—110°, which, 
onrepeated crystallisation, melted at 113—114° and proved identical 
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with the py-unsaturated amide; a trace of another amide, m. p. 
108—109°, distinct from both the oep- and the py-amide, was also 
obtained. By the action of zinc methyl iodide (1/6 mol.) on the acid 
chloride (20 g.), 9 grams of a liquid, b. p. 122—124°/20 mm., were 
obtained. This contained a considerable amount of unsaturated 
ester in addition to a-ethylcycfohexenylacetone, which was isolated 
in the form of its semicarbazone, m. p. 185°. 

P-Hydroxy-p-methyl-a-ethylpentanoie acid gave a 70% yield of 
chloride, b. p. 75—90°/20—25 mm., on treatment with thionyl 
chloride. It consisted mainly of the chlorides of the two unsaturated 
acids, as evidenced by the ^-toluidides obtained from it, but a third, 
indefinite, product was also formed, probably derived from the 
hydroxy-acid. The yield of ketone, b. p. 78—82°/25 mm., from 
the acid chloride was poor; it readily gave the characteristic semi¬ 
carbazone, m. p. 163—164°, identical with that previously obtained 
from the unsaturated acids. 

The authors’ thanks are due to the Chemical Society for a grant 
which has defrayed the cost of this investigation. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received, April 29th, 1927.] 


CCV .—The Chemistry of the Three-carbon System. 
Part XIII. The Effect of Bulky Substituents and 
of the cyclo Heptane Group on the Tautomerism. 

By George Armand Robert Kon and Cecil John May. 

The effect of a positive substituent in the a-position on the tauto¬ 
merism of a three-carbon system has been discussed (this vol., 
p. 1536); that of bulky substituents in the p-position is now 
described. 

To obtain a strictly comparable series it would be necessary to 
work with p-substituted pentenoic acids, because it has already 
been shown that the Py-phase does not become stable until the 
y-carbon atom carries at least a methyl group, as in the acid 
CHMelCMe’CHg’COaH (Kon and Linstead, J., 1925, 127, 616). 
The next member of the series is diethylacrylic acid; this and its 
py-isomeride were studied by Kon and Linstead. Other p-sub¬ 
stituted pentenoic acids are, however, difficult to prepare owing to 
lack of accessible initial materials, and a further diffic ulty is that 
there are in every case two possible py-acids, according as the 
double bond is in the shorter or the longer chain. We have therefore 
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limited the present experiments to two compounds, namely, 
pp-dipropyl- and pp-diisobutyl-acrylic acids (I; R = Et and Pr#, 
respectively) and their py-isomerides (II), to which these objections 
do not apply. 

(I.) [|g>C:CH-C0 2 H •CH 2 -C0 2 H (H.) 

The y-substituent in these acids may be expected to have some 
effect on the stabilities of the a (3- and py-forms. Erom consider¬ 
ations based on the electronic theory (compare Allan, Oxford, 
Robinson, and Smith, J., 1926, 401; Ingold, Shoppee, and Thorpe, 
ibid ., p. 1477), it is deduced that the presence of a positive sub¬ 
stituent in the y-position would favour the py-phase, whilst in the 
P-position this substituent would have little effect. These effects will 
be comparatively insignificant if it is merely a question of substitut¬ 
ing a larger for a smaller group. Should, however, steric factors 
have any considerable influence on the equilibrium, then it might be 
expected that such a substitution would produce a very definite 
effect; and this will be shown to be the case. The tendency of a 
double bond to migrate from the ap- to the py-position appears 
to be connected with the alteration of the normal tetrahedral angle 
about the p-earbon atom (J., 1926, 2727); the case may be com¬ 
pared with the formation of a three-membered ring by ring-chain 
tautomerism (Bains and Thorpe, J., 1923,123, 1206; Deshapande 
and Thorpe, J., 1922, 121, 1430). 

(A) B> r ^C0-C0 2 H R >c ^G(0H)*C0 2 H 

^GH 2 -C0 2 H R'^^CH-COaH 

(B) B^CH-C 0 ^ —^ ^>C=G!H-C0 2 H 

The formation of an ap-double bond in (B) will be analogous to 
the formation of a three-membered ring from (A), an increase in 
bulk of the groups R and R' in each case facilitating the formation 
of the ce ring ” system. In (B) there are three possible positions for 
the double bond; the four valencies of the central carbon atom must 
be regarded as as ymm etrically directed, the angle between any two 
of them being determined by the resultant of two opposing steric 
factors. The double bond should therefore be most readily pro¬ 
duced in the direction of the smallest group (this does not apply to 
the methyl group owing to the comparative instability of a terminal 
methylene group, unless specially stabilised as in itaconic acid). 
In straight-chain acids where R = H (e.g., the pentenoic acids), 
the steric effect is negligible and the ap-phase is the more stable; 
as the bulk of R increases, the py-form is stabilised. When, how¬ 
ever, both R and R' increase to such an extent that the group 
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-CH*C0 2 H becomes relatively small, the equilibrium again tends 
towards the a(3-form. It is doubtless for this reason that Johnson 
and Kon (J., 1926, 2748) found the equilibrium in the p-ethyl- 
cinnamic acids to be on the side of the Py-form (76 : 24), whilst in 
the next higher acids the equilibrium was already of the order 
50 : 50. Again, in the grem-diethyl series, the equilibrium is strongly 
on the side of the Py-form (95 : 5, according to Linstead; this vol., 
p. 355). The two pairs of acids now studied fall well into line, for 
the eq uili bri um in the dipropyl series is 67 :33 in favour of the 
Py-form, whilst in the di^obutyl series it is already 51:49, thus 
illustrating the effect of bulky groups. 

In the behaviour of the cyclic acids, other factors come into play. 
The tendency of a ring to acquire a double bond—which is a measure 
of the stability of the py-phase—is difficult to correlate with the 
distortion of the normal tetrahedral angle in these rings; e.g., 
the stability of the Py-phase increases but slightly from the cyclo- 
pentane (85 :15; Linstead, private communication) to the cyclo¬ 
hexane series (88 :12; Linstead, loc. tit.), although the difference 
in the distortion of the normal tetrahedral angle is considerable; 
it decreases appreciably in the cycfoheptane series, the equilibrium 
being about 75 :25 in favour of the py-phase. In other words, the 
cycZoheptane ring shows less tendency to acquire a double bond 
than either of the smaller rings. 

PP-Dipropylacrylic acid (I; R = Et) has been described by 
Albitzki (J. pr. Chem ., 1884, 30, 209) as a solid, m. p. 80—82°; 
this was analysed only in the form of variously hydrated salts. 
ReformatsM (J. Russ . Phys. Chem . Soc. } 1890, 22, 44) obtained the 
acid only as a liquid; the dibromide he prepared from it differed 
from Albitzki 5 s dibromide. We have prepared the acid, which melts 
at 9°, by dehydrating pp-dipropylhydraerylic acid with acetic 
anhydride and have characterised it by the formation of an amide, 
m. p. 72°; its structure was confirmed by oxidation. Albitzki’s 
method of dehydrating the hydroxy-acid could lead only to the 
py-acid, and did so in our hands. The Py-acid obtained thus and 
in other ways was always contaminated with ap-acid; all the 
preparations were liquid (all the Py-acids studied up to the present 
melt at lower temperatures than the ap-acids; the converse holds 
for the amides), and the acid itself has not yet been obtained pure, 
although a pure ester and an amide (m. p. 120—121°) have been 
prepared. The dusobutyl compound proved even more discourag¬ 
ing in this respect, as inseparable mixtures of the two acids were 
obtained by all the available methods. 

eyeloHeptylideneacetic acid* on the other hand, trews rea#ljr 
obtained as a soH^ m. p, 54°, giving a dibrbjnide, 
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Baker and Ingold isolated a small quantity of a liquid which they 
described as the a (3-acid and characterised by the formation of a 
dibromide, m. p. 125°; this must have been the aj3-dibromide. This 
is surprising, because, under the experimental conditions used by 
Baker and Ingold, the a (3-acid is rapidly isomerised to the extent 
of 75% into the liquid (3y-isomeride, previously described by 
Wallach as the a[3-form (Annalen, 1902, 314, 157) and yielding a 
dibromide, m. p. 103—104°. It must be assumed that Baker and 
Ingold’s hydrolysis was carried out so rapidly that complete 
equilibration of the a(3-acid first produced could not take place and 
the mixture contained enough a(3-acid to give its dibromide. 

Experimental. 

$$-Dipropylacrylic Acid (I; R = Et).—The reaction between 
dipropyl ketone and ethyl bromoacetate with magnesium pro¬ 
ceeded well in benzene solution, the yield of ethyl (3(3-dipropyl- 
hydracrylate, b. p. 139°/15 mm., being 50%. The acid was obtained 
from the ester, on hydrolysis in the usual manner, as a thick oil 
which could not be distilled even at 2 mm. 

On dehydration with acetic anhydride (Wallach, Annalen, 1907, 
353, 288), it yielded (3(3-dipropylacrylic acid (I), which is a colour¬ 
less, practically odourless oil, b. p. 144°/17 mm.; this set, on 
freezing, to a mass of crystals which melted at 9°. It had df*' 0 ' 
0*93624, tSg* 1*46350, [B£h> 45*97 (calc. 44*84) (Found: C, 68*9; 
H, 10*4. Calc, for C 9 H 14 0 2 : C> 69*1; H, 10*3%. Found in the 
silver salt: Ag, 41*1. Calc.: Ag, 41*1%). The chloride had 
b. p. 128°/25 mm. and gave with ammonia in ethereal solution 
the amide , which separated from light petroleum in long, flattened 
needles, m. p. 72°. The p -toluidide crystallised from dilute methyl 
alcohol in needles, m. p. 82*5°. The ethyl ester, prepared through 
the acid chloride, had b. p. 108—109°/14 mm., d$'° m 0*89284, 
ng'*' 1*44923, [jBJd 55*35 (calc., 54*19). Both the ester on treat¬ 
ment with ozone and the acid on oxidation with permanganate gave 
good yields of dipropyl ketone, which was identified by means of 
its semicarbazone, m. p. 133°. 

Propyl-A&-hexenoic Acid (II; R = Et).—The ethyl ester was 
readily obtained pure by heating ethyl (3(3-dipropylhydracrylate with 
a 20% excess of phosphorus pentoxide under reduced pressure; 
it gradually distilled and was purified by redistillation (yield 75%); 
b. p. 116—118°/25 mm., 0*89264, 1*43778, [U X ] D 54*13. 

It gave no trace of dipropyl ketone on oxidation. The acid was 
prepared by the hydrolysis of this ester, also by dehydrating the 
hydroxy-acid by means of 20% sulphuric acid (compare Farrow and 
J., 1926, 2138; Albitzki, loc. cit .; Rei;ormatski, foe. cit.), 
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50% sulphuric acid, or phosphorus trichloride. In the last case, 
the acid (3 mols.) in ether was gradually added to rather more than 
2 mols. of the chloride with cooling, and the mixture was kept for 
24 hours and finally warmed on the steam-bath until no more 
hydrogen chloride was evolved. The acid obtained by these pro¬ 
cesses had b. p. 138—140°/22 mm. and 126—128°/n Him., and 
the following properties : 

(1; 20% H 2 S0 4 ) df 0*93400, ^ 1*45593, [B Z ] D 45*43. 

(2; 50% H 2 S0 4 ) d 1 / 0*93813, % 1*45833, 45*42. 

(3; PC1 3 ) dJT 0*93692, n* 145753, [R L ] D 4542. 

All the samples thus showed a slight exaltation, and gave on oxid¬ 
ation small quantities of dipropyl ketone. Many methods of 
purification were tried without success. The chloride, boiled at 
107°/30 mm. and gave a mixture of amides on treatment with 
ammonia. This was resolved into its constituents by repeatedly 
washing it with petroleum, in which only the a (3-amide was freely 
soluble. The residue, after several crystallisations from benzene- 
petroleum, consisted of the pure fiy-amide, m. p. 120—121°; it 
could be sublimed (Pound : C, 69*5; H, 1T2. C 9 H 16 ON requires 
C, 69*6; H, 11*1%). 

Equilibration of the Acids. —The a(3- and the (3y-acid (in the latter 
case, the purest sample available) were each refluxed with ten times 
the calculated quantity of potassium hydroxide (20 or 60% solution) 
for 24 hours; the acid mixture was then isolated by Linstead’s 
methockj7oc. cit.). The percentage of a [3-acid in the mixture was 
determined by Bougault’s method (Ann. Ghim. Phys 1908,14,145) 
with the following results : 

Equilibrium mixture from the a[3-acid: (a) 35*7%, (b) 33*0%. 

„ Py-acid: (a) 314%, 

from which the mean figure is 33%. A discussion of the details 
of procedure is reserved for a future communication. 

Attempts to Prepare the Acids by Other Methods .—An attempt to 
prepare the a (3-acid by elimination of hydrogen bromide from 
a-bromo- (3-propylhexoic acid was abandoned because the bromo- 
acid could not be obtained free from unbrominated material. The 
preparation was carried out as follows : Dipropylcarbinol (100 g.), 
prepared in 50% yield by the method followed by Grignard (Compt. 
rend., 1901, 132 , 336) for preparing dmobutylcarbinol and in 75% 
yield by reducing dipropyl ketone with sodium wire in wet ether 
(Kurtz, Annalen , 1876, 181 , 205), was refluxed for 4 —5 hours with 
600 g. of hydrobromic acid (d 1*5) free from sulphuric acid. The 
bromide, b. p. 161—165°/749 mm. (slight decomp.j, 88°/64 mm.. 
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thus obtained in 50% yield, was condensed with ethyl sodiomalonate 
in alcohol in the usual manner, a good yield of ethyl hydrogen 
imheptylmalonate , b. p. 168°/35 mm., being obtained in the place 
of the diethyl ester (Found : C, 62*9; H, 9*4. C 12 H 22 0 4 requires 
C, 62*6; BE, 9*6%). The acid was readily obtained on alkaline 
hydrolysis; it refused to solidify and therefore was distilled, a good 
yield of $-propylhexoic acid being collected as a colourless liquid 
with a not unpleasant odour, b. p. 144°/30 mm. (Found ; 0, 68*2; 
H, 11*3. C 9 H 16 0 2 requires C, 68*3; H, 11-5%). The acid was 
converted into its chloride and brominated, crystals of an unstable 
bromo-acid chloride being obtained; these could not be freed from 
unbrominated material and rapidly decomposed on distillation or 
on exposure to the air. 

Attempts to obtain the corresponding p-bromo-acid (hydro¬ 
bromide of dipropylacrylic acid) were also unsuccessful. 

$$-Diisobutylacrylic Acid. —Di&obutyl ketone (isovalerone) was 
condensed with ethyl bromoacetate; the yield of ethyl p-hydroxy- 
P P-diisobutylpr opionate was always poor, the best (35%) being 
obtained by carrying out the condensation in ether and warming 
the reaction product over-night; 30% of the ketone was recovered. 
The ester boiled at 138—140°/20 mm. and yielded a viscous liquid 
acid on hydrolysis. The hydroxy-acid could not be purified by 
distillation. It was dehydrated both with acetic anhydride and 
with dilute sulphuric acid, mixtures of unsaturated acids being 
obtained in every case; b. p. 144—149°/20 mm. (Found; C, 71*5; 
H, 10*6. C n H ls 0 2 requires G, 71*7; H, 10*9%). The properties 
of different preparations were as follows ([JJjJd calc., 54*06): 


Source of acid. 

t. 

d. 

7lD • 

obs. 

(1) Dehydr. by Ac 2 Q . 

21° 

0*92580 

1*46091 

54*60 

(2) ,, „ » .. 

21 

0-92488 

1-46111 

54*65 

(3) 5J » .. * 

26 

0*91885 

1*46982 

54*88 

(4) „ „ dil. H 2 S0 4 . 

19 

0-92141 

1-46723 

54-46 

(5) KOHon(l) .. 

18*5 

0-92609 

1*46131 

54*56 

(6) „ (4) . 

20 

0*91660 

1*46603 

54*51 

(7) Regen. from acid chloride... 

17*5 

0-92782 

1*46144 

54-54 


Equilibration . This was carried out as described on p. 1553, and 
the percentage of ap-acid in the mixture determined as before; the 
mean value was 49% of ap-acid. 

cyoloEepiylideneacetic Acid. —Suberone, obtained in 40% yield 
from thorium suberate by Ruzicka’s method {Eelv. Chim . Acta, 
1926, 9, 515), was converted into ethyl cycZoheptanolacetate (Wal- 
lach, he. cit .) as before, 30 g. being obtained from 56 g. of suberone, 
16 g. of which were recovered. This quantity of ester gave 20 g. 
of hydroxy-acid which did not solidify. 

The acid (20 g.) was boiled with 35 c.c. of acetic anhydride for 









LOW T EMP ERATURE OXIDATION OF HYDROCARBONS. 1555 

3—4 hours, and the unsaturated acid isolated by distillation in 
steam, 5 g. of solid being obtained in addition to a small amount 
extracted from the head and tail fractions; it formed colourless 
needles, m. p. 54° (Found: C, 69*6; H, 9-2. C 9 H 14 0 2 requires 
C, 70-1; H, 9*2%). 

A small quantity of the acid was treated with dry ozone in 
chloroform solution; the ozonide on decomposition gave an 80% 
yield of suberone (weighed as semicarbazone). 

xfi-Dibromocycloheptylacetic Acid .—The a (3-acid (0*5 g.) was dis¬ 
solved in 2 c.c. of acetic acid, 0*5 g. of bromine in acetic acid added, 
and the mixture left in an exhausted desiccator; .crystals of the 
dibromide slowly separated. On recrystallisation from chloroform- 
petroleum colourless crystals, m. p. 125°, were obtained. 

A^cyelo Heptenylacetic Acid.— The hydroxy-acid (15 g.) was 
refluxed for 3 hours with an excess of 10% sulphuric acid, and the 
unsaturated acid was distilled in steam and isolated by means of 
ether, the yield being 2*5 g. Its properties corresponded closely 
with those of Wallaces acid : b. p. 158—160°/18 mm., df 1-0382, 
nf 1-49232, [BJa 43-09. When examined by Bougault’s method, 
this acid was proved to contain 24% of ap-acid. 

fiy-Dibromocycloheptylacetic Acid .—The crude Py-acid was con¬ 
verted into a dibromide under the same conditions as the a(3-acid ; 
it crystallised only partly, the solid being the new dibromo-acid, 
which on crystallisation formed hard, colourless prisms, m. p. 103— 
104°. A mixture of this with the ap-dibromide melted at about 
79°. On standing, the Py-dibromide gradually darkened and 
appeared to be converted into a bromo-lactone. 

Equilibration . Experiments were carried out starting both with 
the ap- and with the Py-acid; the mean of several determinations 
gave the percentage of the ap-acid in the mixture as 25-6. 

The authors’ thanks are due to the Royal Society and to the 
Chemical Society for grants which have defrayed the cost of this 
investigation. 

Imperial College of Science and Technology, 
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CCYI .—Low Temperature Oxidation of Hydrocarbons. 

By John Stanley Lewis. 

In Ms researches on the combustion of methane and ethane. Bone 


atures well below the ignition point, the products being aldehydes, 
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water, etc. As a result of this work he put forward his hydroxyl 
theory (J., 1902, 81, 535; 1903, 83, 1074; 1904, 85, 693, 1637; 
Proc , Chem . Soc. } 1905, 21, 220). More recent work has shown that 
paraffin oils and waxes undergo oxidation at low temperatures, and 
the latter have been converted into fatty acids, but attention has 
been given also to the unsaturated hydrocarbons, especially diolefins, 
which are prevalent in <e cracked 5J spirit. A review of the work 
on “ Gasolines ” is given by Brooks ( Ind . Eng . Chem,, 1926, 18, 
1198). An advance has been made by Gallendar (j Engineering, 
February, 1927), who has proposed the theory that the initial step 
in the oxidation of paraffins at low temperatures is the formation of 
peroxides which decompose eventually into aldehydes, acids, water, 
etc. 

The present paper contains an account of [a) a simple arrangement 
for determining the temperatures of initial oxidation of paraffin 
hydrocarbons at constant volume; (b) the influence of certain 
factors upon these temperatures; (c) a proposed mechanism of the re¬ 
action, which may be called the ** primary dehydrogenation theory ”; 
and (d) an attempt to apply this theory to account for the instability 
of paraffin hydrocarbons as measured by their ignition and deton¬ 
ation characteristics. 

Experimental. 

Molecular Weights at High Temperatures. —The determination of 
molecular weights by the Tie tor Meyer method at temperatures 
above 200° gives anomalous results for paraffins, the molecular 
weights decreasing as the temperature increases (Ormandy and 
Craven, J . Inst. Petroleum Tech., Nov., 1925), as shown in Table I. 

Table I. 


Molecular-weight determinations (Ormandy and Craven). 


Temp. 

Heptane. 

Shell. 

Pratt’s. 

Benzene. 

200° 

102 

100 

97 

77 

220 

73 

96 

96 

76 

250 

, 79 

98 

95 

78 

265 

74 

80 

78 

75 

275 

70 




275 

78 





(plus piece of porous pot) 

The suggested explanation of this decrease is that chemical action 
of some kind has taken place causing an increase in the number of 
molecules, and the above workers attributed this partly to the 
cracking of the paraffins, and to partial combustion whilst the 
spirit remained in the liquid phase, vapours being affirmed to be 
more - stable, Experiments conducted with coal-gas gave more 
normal results. The foregoing results have been disputed by some 
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workers, but they have been confirmed in this laboratory, and some 
of the results obtained for hydrocarbons other than paraffins are 
shown in Table II. 

Table II. 

Molecular-weight determinations of typical hydrocarbons. 


Benzene. 

Toluene. 

cycZoHexane. 

Amylene. 

Temp. 

M. 

Temp. 

ikf. 

Temp. 

M, 

Temp. 

M. 

198° 

78*6 

187° 

92 

230° 

85 

200° 

72 

240 

78-4 

360 

92 

260 

83 

254 

73 

285 

79-8 

400 

93 

342 

68 

297 

60 

350 

78-4 

310 (in 

93 

362 

61 

295 (in 

72 



oxygen) 




nitrogen) 


360 (in 

78-8 

385 (in 

93 

400 

73 

303 (in 

70 

oxygen) 


oxygen) 


400 (in 

Ex- 

nitrogen) 

310 

65 


oxygen) ploded. 

400 (in 85 355 (in Ex¬ 
nitrogen) oxygen) ploded. 


The aromatic substances are apparently stable up to 400° in 
these experiments, whereas the olefin and the naphthene are affected 
by oxygen, but not by nitrogen, and their molecular weights are 
normal. This seems to discount the view that cracking takes 
place to any appreciable extent, and experiments are in progress 
on the lines described later to ascertain the exact temperatures at 
which the various hydrocarbons crack, and thus to obtain com¬ 
parative values for their stability in the absence of oxygen. In¬ 
crease in the expected volume of gas, i.e decrease in the measured 
molecular weight, is to be attributed to oxidation, but this oxidation 
can and does take place in the vapour phase, as will be shown later. 
It was observed also that the tubes used for weighing the liquid 
always contained films of gums or tarry deposits at the end of the 
experiments; these were light brown for low temperatures, and 
deepened to black tars as the temperature of experiment was 
increased. These gums are probably formed during cooling and 
are the condensation products of aldehydes. 

The results of the earlier molecular-weight determinations were 
erratic and variable owing to the fact that the weights of liquid in' 
each experiment differed, thus altering the ratios of hydrocarbon to 
oxygen and to the surface area of the Victor Meyer bulb. By using 
the same weighing tube throughout, with approximately equi- 
molecular proportions of liquid for each temperature, and a large 
bulb, more concordant results were obtained, the observed mole¬ 
cular weights of hexane and octane decreasing gradually with rise 
of temperature above a certain limit. A fairly smooth curve was 
thus recorded for temperature-molecular weight (Big. 1); The figures 
are in^Table III. 
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Table III. 

Molecular weights of paraffins, obtained by using constant 
proportions and conditions. 


Hexane. Heptane.* Octane. 


Temp. 

M . 

Temp. 

M. 

Temp. 

M, 

200° 

87 

200° 

102 

180° 

113 

242 

80 

220 

73 

204 

110 

260 

72 

250 

79 

220 

96 

266 

72 

265 

74 

238 

84 

278 

67 

275 

70 

256 

80 


* Ormandy and Craven {foe. cit.). 


120 


100 


1 

. 5 ? 


I 


These curves meet the horizontal line of constant molecular 
weight at a point corresponding approximately to the temperature 
Fig. 1. of initial oxidation. At 

the other extreme the 
curves presumably inter¬ 
sect the horizontal lines 
corresponding to the 
molecular weights that 
would be attained if 
oxidation to water and 
carbon dioxide was com¬ 
plete; but before this 
temperature could be 
reached spontaneous 
ignition would take place, 
as indicated diagram- 

180 0 220° 260° 300° 340° 380° ma ^ ca ^y ^7 ^he vertical 

lines. The above method 
is obviously unsatisfac- 
Hexane, tory for determining the 
exact temperature at which oxidation is initiated, and the following 
simple method was used. 
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9 
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9 
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(i 
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■ 
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9 

m 

9 
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9 

9 

9 

1 

9 

9 

m 

■1 

■ 

■ 

9 

9 

■ 

m 

9 

9 

9 

91 

■ 

■ 

19 

■ 

9 

IS! 





MS. 






220° 260° 300° 

Temperature, 
- Octane, 


Consiani-volume Method ,—A known quantity of the liquid was 
enclosed in a large cylindrical bulb to which was attached a stout 
capillary tube connecting with a mercury manometer, as in the usual 
form of an air thermometer (Fig.‘2). "During the slow heating of 
the bulb, the manometer was raised constantly so that the mercury 
in the capillary tube was kept at a constant mark, the height of the 
mercury in the manometer plus the barometric pressure being the 
pressure of the mixture inside the bulb. Readings were taken at 
small intervals of temperature, and a pressure-temperature diagram 
was drawn. If no chemical action takes place the curve should 
follbw approximately that of the gas laws, but in the case of the 
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Fig. 2, 


paraffins there occurs a sudden rise or inflexion indicating chemical 
action. The temperature at which this rise occurs will be known as 
the “ critical inflexion temperature ” or the C.I.T. Typical curves 
are given in Fig. 3. Most of the 
hydrocarbons used in these experi¬ 
ments were either Kahlbaum prepar¬ 
ations or of a purity complying with 
the recognised physical data. The 
following results were obtained: 

Pentane, 253°; hexane, 232°; octane, 

198°. (It is possible to read the 
CJ.TJ s to within 1° or 2°.) 

The initial part of the curve follows 
the air-thermometer curve approxim¬ 
ately until the C.LT. is reached, 
and once this is passed there is no 
rapid rise of pressure corresponding 
to a reaction with increased number 
of molecules. In fact, for some 
distance the curve does not differ 
much from the air curve, having a 
tendency to fall below rather than to 
rise above it, as though molecules 
were combining and becoming fewer 
in number. At much higher tem¬ 
peratures the curves revealed a pro¬ 
gressive, but slow, decomposition. 

The form of the curve is unexpected, because the sudden rise 
at the C.I.T. denotes a reaction which is completed at this tem¬ 
perature, accompanied by an increase in the number of mole- 



Fig. 3. 


Fig. 4. 



190° 210° 230° 250° 270° 190° 200° 210° 220° 230° 

Temperature. Temperature. 

Heptane . 

—- -Rapid. -■- Slow. 

cules. Hydroxyl or peroxide formation would cause a decrease in 
the number of molecules, and hence a depression in the curve, unless 
these oxygen derivatives were produced and decomposed at the same 
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temperature. That the whole of this reaction takes place at the 
C.I.T. was proved by maintaining the temperature constant for 
some time, whereupon the pressure increased to a maximum and 
remained stationary. 

It appears that for paraffin hydrocarbon-air mixtures there is a 
critical temperature at which rapid chemical action takes place with an 
increase in the number of molecules. 

The critical temperature is dependent upon molecular weight, as 
seen in the results for pentane, hexane, and octane; but other factors 
influence it and the following experiments were instituted with a 
view to determine them. 

Bate of Heating .—Two experiments were carried out with heptane, 
the rise of temperature in one case being extremely slow, and in the 
other about 1° per minute, the same bulb and equal quantities of 
liquid being used. The initial parts of the curves are parallel up 
to the C.I.T. , indicating that if chemical action has taken place the 
extent is the same for the two rates of heating. At the C.I.T . the 
rise for slow heating is more abrupt and is completed within 1° or 
2°. That the reaction occurs with measurable velocity is shown by 
the curve for rapid heating (Fig. 4). In the case of pentane, w T hich 
has a higher C.I.T., the velocity of the reaction is greater, and with 
a rate of heating comparable with that denoted as “ rapid 55 above, 
reaction is completed in a small range of temperature. It may be 
justifiably concluded that when one of these paraffin hydrocarbon- 
air mixtures is suddenly raised to a temperature well above the 
C.I.T . but below that of spontaneous ignition, as, e.g., during sudden 
compression, the chemical change involved at the C.I.T . will take 
place almost instantaneously, giving rise to a pressure higher than 
the calculated, and also causing evolution of heat. 

Concentration of the Vapour .—At first it was thought that con¬ 
centration played no part, because the differences obtained were 
very small. To test this point, one bulb was used for a set of 
experiments in which gradually increasing weights of octane, and 
also hexane, were employed. The results for octane, depicted in 
Fig. 5, show that concentration affects the C.I.T. to a small but 
appreciable extent. 

It is possible that chemical reaction begins below the C.I.T., but 
if so, it must be very slight, because on heating some of the mixtures 
to temperatures below the C.I.T., cooling, and reheating, the curves 
obtained were almost identical, but on occasions the contents 
of the bulb reduced a very weak solution of potassi um perman¬ 
ganate. No £C gumming ” or coloration of the finally cooled liquid 
occurred, however, in any instance. 

Atmosphere of Oxygen. —The curves for hydrocarbon-oxygen 
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mix tures were of the same nature as for air. The bulbs were filled 
with oxygen, a measured quantity of hydrocarbon was added, and 
pressure-temperature curves were determined as before. These 
curves varied only in the fact that the C.I.T. was more abrupt and 
completed within a smaller range of temperature (1—2°), showing 
that, whatever chemical change is taking place at the O.I.T. , the 
velocity is much greater in oxygen. The actual temperature, 
however, differed very little from that in a similar determination 
with air, and no more than would be expected from the change in 
the concentration ratio of vapour-oxygen to vapour-air. 

A remarkable feature is that once the C.I.T. is passed, the contents 
of the bulb are apparently stable at least up to 450°, and have been 
heated to this point without explosion or spontaneous ignition 
occurring. Callendar, in his tube experiments, heated a paraffin- 
air mixture to 666° before ignition was reached, but slight explosions 
occurred at 516° with flashes of flame when the same mixture carried 
liquid drops of the hydrocarbon. It appears, therefore, that the 
liquid phase is more unstable than the vapour state, and the C.I.T. 
has some bearing upon this phenomenon. Spontaneous-ignition 
temperatures for liquid particles must give results which are far 
below those for complete vapour-air or oxygen mixtures. 

Atmosphere of Nitrogen. —Hexane was heated in the apparatus, 
which had been filled with nitrogen, and up to 365° the pressure- 
temperature curve was normal and showed no inflexion. No gum 
was formed and the liquid remained colourless on cooling. On 
reheating, the pressure-temperature curve was practically identical 
with the first, thus confirming the work on molecular-weight deter¬ 
minations in nitrogen and the conclusion that no decomposition or 
<fi cracking ” takes place. The sudden rise in pressure at the C.I.T . 
can only be attributed to oxidation of the paraffin-hydrocarbon 
molecules, accompanied by an increase in the final number of 
molecules. 

Comparison of Isomerides. —Spontaneous-ignition tests are un¬ 
trustworthy for making a comparison of the stability of the hydro¬ 
carbons in the presence of oxygen, and the recorded results are very 
variable. The method adopted in these experiments is suitable 
for comparing two isomerides if the C.I.T. is taken as the initial 
oxidation temperature. Thus in the case of n- and iso-pentane, 
when equal weights were heated separately in the same bulb, the 
CJ.T.’s were : Pentane, 253°; isopentane, 260°. 

In this experiment the %-pentane is less stable than its isomeride, 
and if there is a relationship between this temperature and spontane* 
ous ignition and detonation, then pentane should detonate more 
readily in the engine. It has been shown that an i^ooctane possessed 
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much feebler detonating properties than ?i-octane (Graham Edgar, 
Ind. Eng. Ghem 1927,19,145). 

Surface Arm .—The bulbs used were of good soda glass; the 
effect of surface area is shown by the G.I.T . in the following results : 

Hydrocarbon. Large bulb. Small bulb. 

isoPentane. 259—260° 263—264° 

Heptane. 210—212 214—215 


Catalysts .—Two typical catalysts were used: (a) platinum, an oxid¬ 
ising catalyst, and (6) lead tetraethyl, a poison or negative catalyst. 
Pig. 5. Pig. 6. 



Temperature. 


Heptane alone. 


- Heptane with platinum as catalyst. 


(a) Platinum. This was used both in the form of a coating on 
the bulb and as platinised asbestos. The effects were very marked : 
chemical reaction proceeded slowly even at low temperatures, and 
the pressure-temperature curves showed much irregularity. A 
typical example of the curves is found in Fig. 6, for heptane, both 
with and without the catalyst. When the catalyst is present there 
is a steady rise in pressure above the normal curve, commencing at 
about 130—140°. Chemical action must be proceeding at or below 
this temperature. Heating was continued up to 275°; here an un¬ 
expected change took place, which must be regarded as a kind of 
rapid combustion, not an explosion or detonation. The mercury 
was pushed down the capillary tube with considerable speed, and 
when it was brought back to zero by raising the manometer, a big 
increase of pressure was registered. Thereafter, the curve pro¬ 
ceeded normally. At the end of the experiment, the bulb was 
coated with a carbon deposit, and the rema ining gases contained 
carbon monoxide and dioxide. There was none of the usual peculiar 
&$eQ after heating in the bulbs nor any gummy residue. 
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(b) Lead tetraethyl . The remarkable inhibiting properties of this 
substance were very evident: in every case examined, it either 
completely obliterated the inflexion in the pressure-temperature 
curve, or, if a rise did occur when smaller quantities were used, 
this took place at higher temperatures but was exceedingly small, 
denoting only slight chemical change with increase in number of 
molecules. The effect of lead tetraethyl, therefore, is to prevent or 
reduce that particular chemical change which occurs at the CJ.T . 
A typical example illustrating this fact is given in Fig. 7 for iso¬ 
pentane, which normally gives a well-defined and easily observed 
rise of pressure at the CJ.T., but in the presence of 1% of lead 
tetraethyl there is no sign of a break in the curve up to the highest 
temperature studied, viz., 298°. On cooling the tube, no gum 
formation was obtained and the 

characteristic odour of the Fig. 7 * 

oxidation products was absent. 

In some cases, the bulb was 
cooled and reheated, and the ieo 
second curve was then generally W 
in close agreement with the g 
first. ^ 150 

The inhibiting action of lead | 
tetraethyl in oxidation appears 1 140 
to be more general, as the ^ 
following examples show. The 

gumming of cracked spirit is 130 ■ „ „ „ 

attributed chiefly to the form- ~ 20 240 2(50 280 300 

ation of peroxides by the , . 4 A 7 , ^, 

“ dienes >} present. More than a ^ tf -with 
year ago, two samples of cracked 

spirit were enclosed in glass cylinders, only one of them containing 
1% of lead tetraethyl, and at the present time this remains clear and 
colourless, whilst a thick gum has collected at the bottom of the 
untreated sample, which is now yellow. These results seem to 
support Callendar’s statement that the action of the lead tetraethyl 
is to prevent the formation of peroxides. The conditions are, 
however, entirely different in the two experiments : in the one just 
described, the temperature is that of the room, and therefore the 
lead tetraethyl remains as such; at high temperatures it is decom¬ 
posed, and any negative action must be exerted by the lead itself. 

A second experiment was carried out with equal volumes of a 
light lubricating oil contained in four separate flasks. No. 1 flask 
was heated to 250° with constant stirring, and then cooled. It 
had darkened rapidly and become alinost opaque. No. 2 contained 
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lead tetraethyl and during the same treatment underwent little 
change except in colour (from light yellow to a light reddish tint), 
but was otherwise quite transparent. The oils in Nos. 3 and 4 flasks, 
of which only the former contained lead tetraethyl, were exposed to 
sunlight for some weeks. The latter darkened gradually, and the 
final appearances of these samples were identical with those of 
Nos. 1 and 2, which had been heated. In all cases a solid was 
deposited after several months' standing. 

Further evidence of the negative catalytic action of lead 
tetraethyl is given by dynamic oxidation tests. Air (free from 
carbon dioxide) was passed through the oil heated to a known 
constant temperature, then through a series of U-tubes, two empty 
for collecting light oily products and part of the water, two filled 
with calcium chloride, and one with soda lime for carbon dioxide 
estimation. Experiments were carried out (i) heating the oil 
alone without air bubbling through, (ii) passing air through the 
heated pure oil, (iii) passing air through the heated oil containing 
1% of lead tetraethyl. The weights of carbon dioxide and water 
produced were determined, and the oil after treatment was examined 
quantitatively for hard asphalt, coking test (E.A.E.), and acidity. 
The first experiment was carried out at 200° for 12 hours, and the 
rate of air flow was 15 litres per hour. The untreated oil darkened 
very rapidly, becoming almost black, whereas the sample containing 
lead tetraethyl remained pale yellow for more than 3 hours, after 
which it darkened slowly, showing that the catalyst was gradually 
losing its effectiveness. The coking tests, etc., indicated that the 
treatment was too severe for this oil; the experiments were therefore 
repeated at 180° with ah air-flow of 10 litres per hour, and were 
stopped at intervals of 2 hours for analysis of the oil and for the 
weighing of the water and carbon dioxide. These results are in 
Table IV, and two points are brought offt clearly, viz., the inhibiting 
action of lead tetraethyl (which, however, decreases slowly), and, 
secondly, the fact that water is produced during oxidation, but is 
partially suppressed by the lead tetraethyl. This second point 
seems to favour the theory of primary dehydrogenation, to be 
discussed later. 

Moisture .—When hydrocarbon-air mixtures were heated with 
appreciable quantities of water, the pressure-temperature curves 
were peculiar in that they were exceedingly irregular, even for 
temperatures just above the boiling point of water, and appreciably 
higher than the normal curve. Apparently water exerted some 
ehemical or catalytic action, and it was decided to try the effect of 
eliminating moisture. Accordingly, the bulb was dried as far as 
possible by heating it in a current of dry air; it was then filled with 
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Table IV. 

Changes in a light spindle oil due to oxidation. 

Coking test Acidity- 

Vis- (mg. per Hard (mg. per H 2 0 
cosity * 100 g. of asphalt, 100 g. of evolved, CO a 

Conditions of test. (secs.). oil). %. oil). %. %. 


(a) Original oil . 214 

0-34 

Nil. 

9 

— 

— 

(6) Heated at 200° for 

12 hrs. 261 

0*60 

Negl. 

14 

— 

.— 


(c) Heated at 200° for 


12 hrs., and* air 
passed through at 


15 litres per hr.... 

520 

2-63 

3*96 

97 

6-37 

0*556 

(d) As in (c) but 1% of 
PbEt 4 added. 

370 

2*02 

0-44 

47 

3*41 

0*397 


(e) Heated to 180°; air 


passed through at 
10 litres per hr. for 


2 hrs. 

245 

0*88 

— 

13 

2-34 

0*114 

(/) As (e) for 4 hrs.. 

353 

1-87 

— 

21 

4*20 

0*220 

(g) As (e) for 6 hrs. ... 

437 

2*00 

— 

49 

5*18 

0*297 

(h) As (e) + 1% PbEt 4 

218 

0-38 

— 

9 

0*14 

0*016 

(i) As (/) + 1% PbEt 4 

238 

0*50 

— 

13 

0*29 

0*049 

0) As 0) + 1% PbEt 4 

265 

0*68 

— 

19 

0*99 

0*099 

* Determined at 70° F. in a No. 1 Redwood viscometer. 



dry oxygen, and hexane was introduced. To the neck of the bulb 
was attached a tube containing phosphorus pentoxide, and the 
apparatus was fitted up and allowed to remain for 2 weeks, after 
which the pentoxide tube was sealed ofi and a reading taken. It 
was found that up to 275° there was only a very small rise of pressure 
above the normal curve, equal to about 10% of that usually 
occurring. 

Contents of Bulb after Heating .—Qualitative tests only have been 
carried out, and in view of the work recently published by Callendar 
(loc. cit .), the project of quantitative work was abandoned. After 
being cooled, the contents of the bulbs possessed a peculiar pene¬ 
trating smell, somewhat resembling that of a terpene. Water 
(even at temperatures just above the C.I.T.), aldehydes, acids, and 
oxides of carbon were detected, but no peroxides. In the case of 
all paraffins, however, a certain amount of gum was formed, light 
yellow for moderate temperatures, black for high temperatures. It 
was necessary to ascertain if these gums were produced during the 
process of heating, or if they were formed on cooling. Two test- 
tubes containing small quantities of octane were heated in a 
glycerol-bath to 250°, one tube being completely immersed, and # the 
other partially. A brownish gum was observed on the exposed, 
and hence, cooler, part of the latter tube, whilst the other tube was 
clear when removed from the bath, but on subsequent cooling; the 
condensed liquid was of a pale yellow colour. It is assuined that 
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the gums are condensation products of the aldehydes which have 
been produced at the higher temperatures. Further, when any 
bulb containing paraffin hydrocarbon is heated above the Cl.T. 
and cooled, there is a fall of pressure, and after reheating, the derived 
pressure-temperature curve is lower than the first. 

Comparative, Results for Paraffin Hydrocarbons .—Since the 
temperature at which initial oxidation occurs is dependent on 
various factors, a series of experiments was arranged so that condi¬ 
tions were more comparable, and the following details were taken 
into consideration: (1) The bulbs were of the same material and 
volume; (2) the rates of heating were identical as far as possible; 
and (3) the hydrocarbon vapours were in equimolecular proportion. 

In Table V are the C.I.T* s of several hydrocarbons of the paraffin 
series determined under these constant conditions, and also other 
data appertaining to them. An unsuccessful attempt has been 
made to discover some physicochemical significance of this initial 
oxidation temperature, but graphical methods show no linear 
relationship between these temperatures and boiling point, spontane- 
ous-ignition temperature, heat of formation, or flash-point. The 
following conclusions, however, are drawn from these figures : 

(i) The G.I.T. is lowered by increase of molecular weight. 

(ii) The temperature for normal hydrocarbons may be below that 
of the isomerides. 

(iii) There is a general parallelism between the CJ.T.’s and 
spontaneous-ignition temperature, both decreasing with rise of 
molecular weight. 

(iv) The flash-point is lowered, whilst the CJ.T . is raised, when 
the molecular weight decreases. 


Table V. 

Spontaneous-ignition 

Hydrocarbon. Mol. wt, B. p. C.I.T. temp, in oxygen. 

n-Pentane .. 72 36° 255° 476° (560—570° in air). 

ifioPenfcane.. 72 28 263 — 

n-Hexane ......... 86 69 230 285 0 *288°. 

n-Heptane .. 100 97*5 209 298° (impure), 281°. 

^Octane . 114 125 197 — 

Nonane (impure) 128 150 193 — 


The Mechanism of the Reaction and its Bearing on Detonation . 

Two theories have been advanced to explain the primary action 
of oxidation of paraffin hydrocarbons : the older hydroxyl theory 
of Bone, and the recently advocated S£ peroxide ” theory of Callendar 
\victe supra). The latter theory possesses no advantage over the 
former, and differs from it merely in postulating the interposition of 
two oxygen atoms in place of one between a C-H or 0-0 linkage* 
It is true that peroxides have been detected by passing vapour-air 
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mixture through heated tubes and suddenly cooling the products, 
the effective yield being increased when the experiment was carried 
out with droplets, but the experiments of Callendar are inconclusive 
in that they do not show definitely that the peroxides are alkyl or 
dialkyl peroxides and not hydrogen peroxide. Even if the former 
are present they may be the result of secondary oxidation of un¬ 
saturated hydrocarbons previously produced, for these substances 
have been proved to yield peroxides readily. Moreover, there is the 
diffi culty that the volume (or number of molecules) increases at 
the temperature of initial oxidation to the extent of 15—20% of the 
number of hydrocarbon molecules present. Peroxide formation 
can only occur with decrease in the number of molecules, and a 
simple peroxide decomposition cannot increase the final number of 
molecules. The pressure-temperature curves given on p. 1559 
indicate a sharp rise in the number of molecules at the C.I.T ., 
followed by a small decrease in pressure below the normal curve, 
indicating chemical change occurring with decrease in the number 
of molecules. 

Stability of Paraffin Hydrocarbons .—This depends on the molecular 
weight and configuration of the molecule. In accordance with the 
researches of Berthelot, the effect of heat may be summarised in the 
reversible reactions 

(i) C rt H^ + 2 " C n H2» + H2 (lower temperatures). 

(ii) C n H 2n+2 ^ C n /2H n 4- Cn/ 2 H n+ 2 (higher temperatures). 

Many objections have been raised against this, theory of a state of 
equilibrium, and in actual practice several side reactions may be 
concurrent, especially at higher temperatures. At 300—400°, 
however, there is an undoubted production of hydrogen, but this is 
always accompanied by molecular changes. 

A priori reasoning might lead one to conclude that with increasing 
hydrogen-carbon ratio the former element would split off more 
easily. Such, however, is not the case, and methane, with its 
higher proportion of hydrogen, is more stable than any member of 
the series. > For hydrocarbons of this series, the heat of formation 
maybe taken as a measure of the mean stability of the carbon atoms 
in the molecule. The molecular heat of formation increases with 
the number of carbon atoms present, but the heat of formation per 
carbon atom diminishes as shown by Thomsen’s results : 


Heat of formation Mean heat of formation 
Hydrocarbon. (constant volume), per carbon atom. 

Methane (CH 4 ) .. 416-5 Cals. 16*5 Cals. 

Ethane (C 2 H 8 ) ... 22*1 11*05 < 

Propane (C 8 H 8 ).. 25*4 6*46 

Butane (C 4 H 10 ). 29*1 7*27 . ; , 

Pentane (C 6 H 12 ) . 1*5 0*20 'V 








1568 


lewis : 


The same investigator has shown that the average thermal values 
of the C-C and C-H linkages are approximately the same, so that 
Mean heat of formation/Valency of carbon may be taken as a re¬ 
lative measure of each valency attraction. There is no experimental 
justification for assuming that in a given molecule the forces of 
attraction of the C-C and C-H linkages are equal, and evidence is 
in favour of the view that there are some hydrogen atoms which are 
more easily split off than others. Besides the position of the 
hydrogen atoms and molecular weight, isomerism will be a con¬ 
tributing factor to the ease or otherwise of splitting off the hydrogen 
atoms. 

A comparison of hydrocarbons of the different series presents 
more difficulty in that the naphthenes and aromatics contain ring 
compounds, but for those members containing the same number 
of carbon atoms, viz., hexane, cs/c?ohexane, and benzene, the pro¬ 
portion of hydrogen and heat of formation decrease in the order 
given, whilst it seems probable, from the scanty data available, 
that the ease with which hydrogen is split off is greatest for that 
molecule containing the highest ratio of hydrogen atoms to carbon 
atoms, the latter being constant in each series. 

Primary Dehydrogenation Theory .—The view held, as the result 
of the experimental work, is that primary oxidation consists in the 
direct combination of oxygen with those atoms of hydrogen which 
are most easily split off from the hydrocarbon molecule, the initial 
products being unsaturated hydrocarbons, containing one or more 
double bonds, and water. This will account for (a) the increase in 
the number of molecules at the O.I.T ., e.g., 20 2 H 6 + 0 2 —>-2C 2 H 4 + 
2H 2 0; (6) the high percentage of water in the products formed 
above the CJ.T ., this percentage being only slightly increased at 
considerably higher temperatures; and (c) the appreciable propor¬ 
tion of unsaturated hydrocarbons formed near the CJ.T. 

Secondary reactions ensue, the oxygen combining with the un¬ 
saturated hydrocarbons to produce aldehydes, peroxides, etc. 
This reaction reveals itself in the slight fall in the pressure-temper¬ 
ature curves just above the CJ.T. Striking confirmation of this 
was obtained by heating amylene-air as in the above experiments : 
an actual depression in the curve occurred, co mm encing at 232° and 
continuing up to 254°, after which a gradual rise above the theoretical 
curve followed. No water was detected in the finally cooled pro¬ 
ducts; but considerable gum formation had taken place. 

Brom the foregoing statements on stability it would appear that 
methane is the most stable of the hydrocarbons towards oxygen. 
This is actually the case and it must be observed that the difficulty 
of oxidation is increased by the probability that two hydrogen 
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atoms must be removed from one carbon atom to form water, 
leaving CH 2 residues, winch react eventually in various ways. 
Ethane is far less stable and one hydrogen atom may be removed 
from each of two adjacent carbon atoms to yield a double bond. 
Similarly, the higher hydrocarbons can give rise to conjugated 
double bonds which will enter vigorously into secondary oxidations. 
In the two cases which have been studied, the normal hydro¬ 
carbons appear to be more active than the isomerides. If this 
statement is of general validity, it may be that the isomeride with 
the fewest carbon atoms in the main chain is most stable, or that 
side chains retard removal of hydrogen atoms, or that two or more 
hydrogen atoms attached to adjacent carbon atoms are more readily 
oxidised. 

Thermal Value of the Dehydrogenation .—The removal of hydrogen 
with formation of water will be exothermic, and the elimination of 
only two hydrogen atoms from heptane will produce considerable 
heat: 

C^Hjg -f- 0 = C 7 H 14 * 4 - BL>0 -h Cals. 

These two factors, viz., (a) increase in number of molecules, and 
(6) production of heat, must play a considerable part in the deton¬ 
ation of hydrocarbons in petrol engines. The former increases the 
maximum pressure attained slightly above that calculated from the 
compression ratio, whilst the second factor may under suitable 
conditions raise the temperature above that of spontaneous ignition, 
thus giving rise to pre-ignition. During the slow heating of these 
hydrocarbon-air or oxygen mixtures, the heat of the initial reactions 
is dissipated by conduction and radiation, and it has been shown 
(Callendar) that under such conditions the mixture can be heated to 
temperatures above 650° without explosion. This is not the case, 
however, for sudden heating by compression, and, on the assumption 
that this takes place adiabatically, the theoretical rise in temperature 
above that resulting from compression alone may be calculated. 
For a 10% heptane-air mixture, if only two hydrogen atoms are 
removed from the molecule to produce water, and if the high value 
of 0*5 cal. is taken as the specific heat of heptane (liquid), the rise in 
temperature due to primary dehydrogenation alone is calculated to 
be more than 400°. A final temperature of about 370° is obtained 
by a compression ratio of 3 :1, so a theoretical maximum of at least 
770° is possible. The high value for the specific heat of heptane 
is used because it has been shown that condensation of these 
vapours can occur during compression. 

This factor must be considered in the question of detonation. In 
internal combustion engines, to the heat of compression must be 
added the heat liberated by primary dehydrogenation* which must 
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considerably raise both the pressure and the temperature of the 
mass of vapours. The increase in the number of molecules above the 
G.I.T. will also contribute to a rise in pressure. Primary dehydro* 
genation must then be the main cause of pre-ignition and deton¬ 
ation, and the ease of detonation increases with the hydrogen ratio. 
It is significant that the unsaturated hydrocarbons are more unstable 
and possess lower ignition temperatures than the paraffins, yet the 
latter detonate more easily. The reason is that the temperatures 
attained by equal compressions are far from comparable. Any 
factors, therefore, which will reduce the amount of heat liberated by 
primary dehydrogenation will diminish the tendency to detonation 
and allow of higher compressions. They may include reduction of 
paraffins, especially those of high molecular weight, dilution, negative 
catalysts, or a preliminary slow heating to a temperature above the 
G.I.T. Moreover, at higher speeds of the engine, the time may be 
too small to allow of completion of the chemical reactions involved 
at the G.I.T* 

Action of Metallic Catalysis .—These are divided into two groups : 
(a) promoters of detonation; (6) “ antiknocks/ 5 They have been 
classified also as positive and negative catalysts, and there is some 
apparent connexion between the ease of oxidation and oxide 
stability, and their catalytic action. The antiknock metals promote 
the combination of hydrogen and unsaturated hydrocarbons at low 
temperatures, and it is now suggested that their action as anti¬ 
knocks depends upon the complete or partial prevention of 
dehydrogenation with its attendant water and heat formation, thus 
reducing the final temperature at the end of the compression stroke. 
From what has been said, it may be concluded that positive catalysts, 
e.g. 3 platinum, promote the reaction H 2 + 0—>-H 2 0, and that lead 
tetraethyl inhibits this change or even poisons the direct action of 
oxygen on the hydrocarbon, but there is no doubt that the amount 
of water formed is either nil or almost negligible. 

The Action of Unsaturated Hydrocarbons and Aromatics .—These 
hydrocarbons have an appreciable effect in lowering the detonating 
qualities of a petrol, but large percentages must be present. It is 
well known, for example, that “ cracked spirit 95 can he subjected 
to higher compression ratios than straight spirit, and this raises 
an objection to the peroxide theory of Callendar. Cracked spirit 
contains unsaturated hydrocarbons of the olefin type and also 
dienes even after refining; these are essentially peroxide-forming, 
and should increase rather than decrease detonation. It is suggested, 
therefore, that these hydrocarbons are effective as antiknocks in that 
they (a) have a smaller hydrogen content and are less likely to be 
dehydrogenated, *.e., they act partially as diluents; and (b) they 
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may enter into combination with the hydrogen evolved from the 
paraffins, by increasing the active mass of unsaturated hydrocarbons. 
Thus in the reaction C n H 2 n +2 ^ C^H 2 n + H 2 , the olefins produced 
are reinforced by the unsaturated hydrocarbons of the petrol, and 
even of the aromatics, and so tend to reverse the reaction with a 
decrease in the active mass of hydrogen. These unsaturated 
hydrocarbon a are reducing agents. Benzene itself has a tendency to 
combine with hydrogen at low temperatures. In view of the nature 
of unsaturated hydrocarbons, their instability, and their tendency 
to form peroxides, their behaviour in an engine is contrary to 
expectation; the above may be the real explanation of the facts, 
and perhaps secondary oxidation products, such as aldehydes, 
peroxides, etc., are practically negligible on account of the time 
factor. 

The Action of Aromatic Amines. —Any substance that combines 
with hydrogen under conditions prevailing in the engine, i.e., that 
competes with oxygen for the hydrogen split off from the hydro¬ 
carbons, will tend to decrease detonation. The action of substances 
such as aromatic amines may be due in small part to dilution, but 
chiefly to the fact that they undergo decomposition, leaving residues 
which can unite with hydrogen. In the simplest case, aniline, 
the possible changes are 

( 3 ) c 6 h 5 -nh 2 = G„H 5 * + *NH 2 , 

<ii) C 6 H 5 - + *NH 2 + 2H = C 6 H 6 + NH 3 . 

The effectiveness of such reagents will therefore depend on (a) their 
concentration, (b) the ease (or temperature) of decomposition, and 
(c) the thermal action with hydrogen, which should be as small as 
possible and preferably endothermic. 

The action of iodine is capable of some s im ilar explanation, and 
it is noteworthy that, unlike iodine, bromine and chlorine are slight 
te knock ” inducers; moreover, it is suggestive that their compounds 
with hydrogen are exothermic, whereas hydrogen iodide is 
endothermic. Finally, there is the suggestion contained in the 
above that the ethyl groups from the decomposition of lead tetraethyl 
increase its efficiency by reducing the effective mass of hydrogen. 

Ignition of the Liquid Pha^se. —The published results of ignition 
temperatures are far from concordant even when determined by 
similar methods, and the two factors already discussed, viz., increase 
of volume at the C.I.T. and the exothermic nature of this change, 
must be considered in methods based upon compression- Moore’s 
method (J. 80c . Chem. Ind 1917,36,109) consists in allowing drops 
. of the liquid to fall on a hot platinum dish containing oxygen- The 
liquid phase, however, is less stable than the vapour (see above), 



1572 


CAMPBELL AND WOODHEAD : 


and the results are lower than those obtained by the compression 
method. Doubtless, too, the size of the droplet and the catalytic 
effect of the surface play an important part, and this subject is 
reserved for a future paper. It might be argued that the ignition 
point of the liquid phase is lower on account of the adsorption of 
peroxides by the liquid, according to the views of Callendar, but it is 
known that peroxides do not affect the ignition temperature to any 
appreciable extent. This constitutes a serious objection to the 
peroxide theory. According to the views elaborated in this paper, 
the greater instability of paraffin droplets is due to the great con¬ 
centration of molecules in the neighbourhood of the drop, with the 
attendant increase of chemical activity near the surface, and to the 
fact that the liquid phase absorbs far more heat than the vapour. 
Thus some of the heat of primary dehydrogenation may be used in 
suddenly heating the hydrocarbon above its ignition temperature. 

Boyal Naval College, 

Greenwich, S.E. 10. [ Received , March 20th, 1927.] 


CCVII .—Striated Photographic Records of Explosion- 

Waves . 

By Colin Campbell and Donald Whitley Woods®ad. 

In a previous paper (J., 1926, 3010) attention was directed to the 
notable appearance of a moving-film record of the explosion-wave 
passing through the mixture 2CO + 0 2 . Pig. 11 in that paper is 
remarkable in that closely striated illumination is recorded behind 
the trace of the wave-front, and not the uniform illumination which 
occurs in the great majority of previously published photographic 
records of explosion-waves. Close examination of some of Dixon’s 
records {Phil. Trans. > 1903, A , 200,315; notably Fig. 11,2CO + 0 2 , 
and Pig. 21, CS 2 ^+ 20 2 ) discloses striations similar to those now 
described, but they are'ill-defined and do not appear to have been 
noticed hitherto. The present paper deals with experiments made 
with a view to define some of the conditions required for the 
production of such striated records. 

The explosive mixture under observation (moist 2CO + 0 2 , 
unless otherwise stated) was contained in a horizontal glass tube 
2—3 m* long, usually 15 mm. in internal diameter and 2*5—3*0 mm. 
in thickness of wall, open at the far end. The flame in this mixture 
was initiated by the explosion of a hydrogen-oxygen mixture 
contained in a shnilar tube in a co-axial position, complete separation 
of the two mixtures until a very short time before firing being 
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effected by a metal shutter. The flame was photographed by 
means of a drum-camera having a peripheral speed of about 
45 m./sec. Details of the experimental arrangements are given in 
our former paper (loc. cit.). 

The first striated record we obtained was given by the flame in 
the mixture 2 CO -f 0 2 to which about 2 % of hydrogen had been 
added (Fig. 1 ). The mixture was fired by the flame produced by 
detonating the mixture 2 H 2 + 0 2 . The flame edge in this record 
presents a regular undulatory appearance, but the mean rate of 
progress of the wave is uniform and characteristic of the explosion- 
wave in this mixture (about 1770 m./sec.). The apparent propag¬ 
ation is per saltum, each spurt taking place at approximately equal 
intervals of 45 mm. in the tube, the frequency of the undulations in 
this record being thus of the order of 39,000 per second. The major 
portion of the luminosity behind the wave-front is segregated into 
bands, each of which appears to have its origin in one of the undul¬ 
ations of the wave-front. The bands appear to be equally spaced; 
they are straight in this record, but definitely curved in others. 
They are inclined at a small angle to the horizontal in a direction 
opposite to that of the movement of the explosion-wave, suggesting 
a reverse motion at some tens of thousands of metres per second. 
The very high value of this rate is not favourable to the simple 
interpretation of the bands as a series of waves sent back from the 
front of the explosion-wave through the burning gases. Moreover, 
in some records the bands are horizontal, and in two they actually 
slope forward. 

Mode of Ignition .—The production of striated records from 
2CO + 0 2 was independent of the means taken to establish the 
explosion-wave, for they were obtained in equal intensity and with 
a similar period when the method of ignition was by the explosion- 
waves from (i) mixtures of hydrogen and oxygen other than 
2 H 2 + 0 2 ; (ii) from C 2 N 2 + 0 2 ; (iii) from 2 H 2 + 0 2 , which had 
itself been ignited by a uni-directional spark; or by (iv) direct 
sparking of 2CO + 0 2 containing about 2 % of hydrogen. (Without 
the presence of a little hydrogen, we failed to obtain the explosion- 
wave in moist 2CO + 0 2 by direct sparking in a tube 12-5 mm. in 
diameter and 8 m. long.) In each of these experiments, the photo¬ 
graphic record was taken after the explosion-wave had been 
established. We were unable to detect any differences in records 
made in similar experiments on Kodak orthoehromatic film and on 
Lumiere paper. Figs, 2 , 3, 6 , and 8 are copies of the negatives 
obtained with Lumi&re paper ; the remainder ‘are prints made from 
Kodak films. 

Composition of Oases .—When increasing quantities of carbon 
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monoxide in the mixture 2CO + 0 2 were replaced by hydrogen, the 
striations remained distinct until the mixture contained about 
3% of hydrogen; as the hydrogen content was increased up to 
about 6%, they became rapidly less distinct; and they were no 
longer visible when between 6 and 20% was present. Figs. 2, 3, 
and 4 show this gradation of appearance with 2*2, 3*6, and 10%, 
respectively, of hydrogen. The compositions of the mixtures are 
recorded in Table I. 

Table I. 

Mixtures saturated with water vapour at 15°. 


Fig. 

CO. 

o 2 . 

h 2 . 

Appearance of record. 


100 

50 

0 

Striated. 

1 

98 

50 

2- 


2 

96*7 

50 

3-3 

Faintly striated. 

3 

94-6 

50 

5-4 

» »f 

Not striated. 


91 

50 

9 

4 

85 

50 

15 

»» » 


The distance between successive undulations in the wave-front 
may be dependent to some extent on the amount of added hydrogen, 
but this cannot yet be stated with certainty since, as will be shown 
later, the distance is dependent on the internal diameter of the 
experimental tube, and differences in the measured distances may 
be due to slight indeterminate variations in the bores of the glass 
tubes used. 

The presence of hydrogen in a carbon monoxide-oxygen mixture 
is not essential for the production of a striated record, for such 
records were obtained of the wave in the mixture 2CO + 0 2 , not 
only when it was saturated with water vapour at room temperature, 
but also when fairly well dried with sulphuric acid. 

The addition of diluent gases (carbon monoxide, nitrogen, and 
oxygen) to 2CO + 0 2 did not produce any change in the appearance 
of the records, striations being obtained in each experiment with 
the mixtures 3CO + 0 2 ,4CO + 0 2 , GO + 0 2 , and 2CO + 0 2 + N*. 
The distance between successive undulations in the wave-fronts 
did not vary substantially from 45 mm. when the tube was of 
15 mm. internal diameter. 

Some experiments were made with 23^ + 0 2 in which small 
amounts of the hydrogen had been replaced by carbon monoxide, 
but no striated records were obtained. Mixtures of hydrogen and 
oxygen varying in composition from 6&J + 0 2 to 2E 2 -f 30 2 also 
failed to give striated records. In order to increase the actinic 
value of the flame in the more dilute mixtures of these gases, the 
experimental tube was dusted with thorium oxide, and under these 
conditions very faint striations were obtained only with mixt ures 
oontaining a large excess of oxygen. 
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The explosion-wave in certain mixtures of oxygen with methane, 
ethane, ethylene, carbon disulphide, and cyanogen also gave striated 
records s imilar to that reproduced in Fig. 1. 

Initial Pressure.~A number of experiments were made with 
2CO + O* at initial pressures greater than atmospheric, the experi¬ 
mental conditions being the same as before, save that the far end 
of the tube was closed. The compression apparatus described by 
Ellis (J., 1923, 123, 1435) was used. Striated records were given 
in all experiments, and the distances between successive undulations 
were not materially different from those obtained at atmospheric 
pressure, being 46 and 45 mm. when the initial pressures were 2 
and 3 atm., respectively. Pig. 5 is the record obtained at 2 atm. 
The narrowness of the exposed strip of film is due to the very rapid 
shattering of the explosion tube after the passage of the wave. 

Diameter of Tube .—When explosion tubes of internal diameters 
less than 15 mm. were used, the records bore striations similar to 
those obtained with the 15 mm. tubes, but the undulations in the 
traces of the wave-fronts were nearer together. The striations 
were thus more closely packed and less easily resolvable. Tubes 
having internal diameters of 12*5 and 10 mm. were used. The 
lengths of the undulations, constant in each record, are given in 
Table IL 

Table IL 

2CO -f 0 2 saturated with water vapour at 15°. 


Distance between undulations. 


Bore of tube, D (mm.). 

L (mm.). 

Batio LJD. 

15 

45 

3*0 

12*5 . 

36 

2*9 

10 

29 

2*9 


It appears that, within the limits examined, the distance between 
the undulations is closely related to the bore of the experimental 
tube. Since the velocity of an explosion-wave is normally un¬ 
affected by the diameter of the tube through which it passes, the 
frequency of the undulations is also related to the bore. 

Pig. 6 is a record of the explosion-wave in 2CO + 0 2 contained 
in an 8 mm. tube; it shows undulations in the wave-front 25 mm. 
apart (LfD = 3*0), with striations lying closely together in the 
burning gases behind. An additional variant made in this experi¬ 
ment was in the thickness of the walls of the tube. The tube was 
composite, consisting of two portions cemented together in a metal 
sleeve (represented on the record by the broad vertical band)* 
The internal diameter was constant throughout, but the thickness 
of wall changed at the junction from 4 mm, to 1*5 min. No differ¬ 
ence in the characteristic undulations of the trace of the wave-front 
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in the two portions can be detected. In the diagrammatic repre¬ 
sentation of the tube given in Fig. 6 (and in succeeding figures) the 
unshaded area indicates the position of the window in the paper 
covering of the tube, the solid areas representing the thickness of 
the tube wall; the diameters are not to scale. 

Fig. 7 shows the explosion-wave passing from a 15 mm. into a 
9 mm. tube. The two portions of this experimental tube were 
fused together, and the change in diameter at the junction was 
made as abrupt as possible. The velocity of the explosion-wave 
is unaltered by the change in diameter of the tube (see Campbell, 
J., 1922,121, 2483), but the spacing of the undulations is decreased 
immediately on the entry of the wave into the narrower tube. In 
the latter, L = 28 mm., whence Z/D = 3*1. The tube was intact 
after the experiment. The striations in the narrow portion of the 
tube do not appear to exist entirely independently of those in the 
wider portion, for near the junction the former are apparently 
retarded, and more markedly so in the gas some distance behind 
the wave-front. We have here an explosion-wave displaying 
undulations of two distinct frequencies simultaneously in different 
portions of the same tube. 

A further interesting observation has been made in records 
showing both detonation-waves and slow flames accelerating rapidly 
towards detonation. Whereas the explosion-wave is striated, the 
earlier flame is comparatively uniform, and the striations are usually 
sharply confined to that portion of the gas which has detonated. 
In other words, the burning gases in one portion of a tube may show 
striations, whilst in another portion of the same tube the illumination 
is normal. 

A few of the slow pre-detonation flames which we have photo¬ 
graphed show traces of striations of a period similar to those in the 
later explosion-wave. Because of their narrow and regular spacing 
these undulations must be regarded as distinct from those of the 
“ vibratory movement ” or of the ef uniform movement ” that 
precedes it. The undulations of the latter are well-known features 
of slow flames and result from the establishment of resonance, the 
flame-front acquiring an undulatory motion leading to vibrations 
which vary in amplitude according to the extent of the resonance, 
and in period according to the length of the tube (Mason and 
Wheeler, J., 1920,117 , 36)., 

K Photographic Definition .—-in order to avoid fogging of the photo- 
, graphic film by extraneous reflexions, the experimental tube was 
usually enclosed in a sheath of light-proof paper, the light from the 
explosion reaching the camera through a horizontal slit* cut in this 
covering. Usually the width of this window was equal to the 
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internal diameter of the tube. The records already described (with 
the exception of Fig. 6) were obtained through such a window. 
Although reduction in the width of the window decreased the 
intensity of the exposure, the striations did not become more 
clearly d efine d. However, enhanced photographic definition was 
secured when a 4 mm . window was cut near the upper (instead of at 
the middle) portion of the tube. Fig. 8 was obtained with such an 
arrangement, the position of the window (viewed horizontally from 
the camera) being shown diagrammatically in the figure. This 
record is of further interest in showing how the striations persist 
in the burning gases for some time after the wave-front has reached 
the open end of the explosion-tube. 

An experiment was arranged in which a central window 2 mm. 
and an upper window 4 mm. wide were cut in the paper sheath 
over different lengths of tSe same tube. The record (Fig. 9) shows 
the clearly defined striations from the upper window, whilst the 
exposure from the central window produced a greater number of 
less well-defined striations. In a further experiment, a lower 
window 4 mm. wide was made in the second portion of the same 
tube. The record (Fig. 10) shows that there was in the illumination 
from each of these windows an independent series of undulations 
out of phase with one another, their alternate appearances occurring 
at approximately equal time intervals (about 1/80,000 sec.). 
Undulations visible through narrow central windows have periods 
considerably shorter than those recorded when the window is of 
the same width as the diameter of the tube. A similar, but tem¬ 
porary, effect has been observed through wide windows during the 
first 20 cm. of travel of the flame in 2CO + 0 2 after its ignition by 
the flame of 2H 2 + 0 2 (e.gr., in Fig. 1), before the flame-speed had 
completed its fall to that normal for the detonation-wave in 
2CO + 0 2 . 

Summary . 

Some of the conditions required for the production of an appar¬ 
ently undulatory form of the explosion-wave have been examined. 
This form appears to be characteristic of the wave in the mixture 
2CO + 0 2 and in some of the more dilute mixtures of carbon 
monoxide and certain other gases with oxygen or oxygen and 
nitrogen. The presence of about 6% of hydrogen in 2CO + 0 2 , 
saturated with water vapour at the ordinary temperature, eliminated 
visible undulations. 

Increase in the initial pressure of the gaseous mixtures to 3 atm. 
did not effect any definite change in the distance between the 
undulations, but this was found to depend directly on the internal 
diameter of the explosion-tube. The most sharply defined records 
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were obtained when only the layers of gas near the walls of the tube 
were visible to the camera. The undulations visible through a 
window in the extreme upper portion of a tube occurred alternately 
with those visible through the extreme lower portion. 

The experimental evidence is not yet sufficient to afford a com¬ 
plete interpretation of the striated records. It does not indicate 
whether they are due to induced vibrations of the apparatus or to 
a periodic propagation of the explosion-wave. It can be said, 
however, that the striations are not due to mechanical chattering 
of the heavier parts of the camera, since undulations of two different 
periods can be obtained on one and the same record. 

An interpretation based on the assumption that the records 
disclose what is actually occurring in the flames has been com¬ 
municated to us by Mr. E. F. Greig, who suggests that the part of 
the wave-front, the light of which afEeets the photographic film, 
traverses a helical path on the walls of the tube. The extension of 
this interpretation to the illumination from the outer layers of the 
burning gases behind the wave-front would also imply a rotation 
of the source of light affecting the photographic film. It is clear 
that a wave being propagated along a helical path could account 
for the dependence of the length of the undulations on the bore of 
the tube and for the alternate production of undulations in the 
records from the upper and lower windows. Further experiments 
are in progress to test the validity of this and the other possible 
interpretations mentioned above. 

We wish to acknowledge our indebtedness to the Chemical 
Society and the Brunner-Mond Research Fund Committee for 
grants towards the cost of photographic materials and apparatus, 
and to Mr. A. C. Finch, B.Sc., for laboratory assistance. 

The University, Mastchesteb. [Received, April 14th, 1927.] 


CCVIII .—The Nature of the Sintering of Active Copper 

Catalysts . 

By Frederick Hurn Constable. 

The conceptions of Taylor {Proc. Boy. Soc 1925, A , 108, 106) 
and of Armstrong and Hilditch {ibid., p. Ill) concerning the struc¬ 
ture Of active metallic surfaces seem to have progressed very far 
ill such £ direction as to attribute to the centres of activity a 
quantity of energy that would approach the heat of vaporisation 
ml the metallic atoms (see Constable, ibid., p. 355). Armstrong and 
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BHlditch have assumed that the nickel atom responsible for 
hydrogenation reactions is actually gaseous at the instant of the 
chemical change. Pease (J. Annex. Chem . Boc., 1923, 45, 1196, 
2238, 2297) and Constable (.Proc. Boy. Soc ., 1926, A , 110, 283), 
while fully convinced of the existence of centres of activity, do not 
attribute to them such great energy, the facts being much more in 
accord with the assumption that they consist of groups of atoms 
frozen in such a maimer that they can still possess intense fields of 
external force, while being far removed from the condition of vapour. 

Taylor (loc. oit.) laid considerable stress on the sensitiveness of 
the surface to heat treatment: “ A granule of the catalyst must 
therefore possess, in part, the ordered arrangement of the atoms 
found in crystals of the metal. The sensitivity of the product to 
even moderate heat treatment, whereby marked sintering occurs, 
suggests that this completely ordered arrangement of the atoms 
has not been attained, and that here and there, on the surface of a 
mainly crystalline granule, there are groups of atoms in which the 
processes of crystallisation are not yet complete.” In reality the 
process of sintering is more complicated than this,* for the 
boundaries of individual grains are in contact, and therefore the 
granular structure is itself capable of such a growth as to reduce 
the area of the exposed surface in a marked degree. Thus, evidence 
that heat treatment reduces catalytic activity is valueless by itself 
as a criterion that some of the active centres on the surface have 
collapsed owing to the increased thermal agitation, for the total 
active surface has also been reduced in a marked manner. It is 
therefore essential for the solution of the problem to measure both 
the surface area of the catalyst and its catalytic activity. 

The investigations of Dunn (ibid., 1926, A, 111, 210) provide a 
means of elucidating this problem. If the course of oxidation of a 
metal be followed, both by measurements of the electrical con¬ 
ductivity of the metal-oxide mixture, and by estimation of the 
thickness of the surface film of oxide by means of its colour in 
normally reflected light, a direct measure of the surface area of the 
catalyst can at once be obtained. Unfortunately, it is only possible 
to estimate the equivalent air thickness of the oxide film, i.e., the 
thickness of a film of air that would produce the same colour effects, 
and thus the absolute measurement of the area of the surface is 
not possible by this method, without introducing very distinct 
assumptions as to the refractive index and nature of the oxide. It 
is, however, possible to measure the fractional decrease in the 

* There are at least two variables: the number of centres of activity per 
unit area of the surface, and the relative rate of reaction on each individual 
centre of activity. 
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surface area when the catalyst is exposed to a high temperature. 
Let 8 be the surface area of the catalyst, G the conductivity of the 
film of metal supported on a China-clay rod, a the thickness of the 
oxide film, t the time the metal has been exposed to oxidation, and 
p the density of the oxide of mass W , Then, assuming that the 
electrical conductivity of the film is a measure of its metallic 
content (compare Palmer, Proc . Roy . Soc ., 1921, A , 103, 444), 

P S{d^ldt)JW^-(dCldi)/C . . . * (1) 

As the oxidation proceeds, the value of S must become smaller, and 
as its initial value only is important, it is necessary to measure 
da/dt and dCjdt at the commencement of the reaction. According 
to Dunn {loc. cit. ; his conclusions are confirmed by the present 
work), the process is controlled by the rate of diffusion of oxygen 
through the protecting layer, and if IT is the weight of the oxide 
formed in time t, then 

W* = Kt .(2) 

where K is a constant. It was found that both the fall in the con¬ 
ductivity and the equivalent air thickness follow the law quoted 
above for the weight of oxide formed in time £, when the catalysts 
are rendered inactive by sintering. But for the most active 
catalysts the value of K obtained fell considerably with increasing 
time. Dunn showed this to be due to the influence of time on the 
oxide film : some hardening process apparently takes place which 
causes the film to become less permeable to oxygen. Therefore, in 
the case of active catalysts it is necessary to find the initial value 
of X in equation (2). 

If c be the fall in conductivity, i.e., c = <7 0 — C u then c 2 = K c t. 
Hence dcjdt = \y/K c jt \ similarly da/dt = Thus equation 

(1) becomes _ 

P SVK a IW = VTJC . ... (3) 

Let the symbols with suffix 1 relate to the active catalysts, and those 
with suffix 2 to the sintered catalyst; then dividing the two 
equations of type (3) for the active and sintered catalysts, respec¬ 
tively, after the same small time interval t from the commencement 
of the oxidation of each at the same temperature, we obtain 

s z VeZ!S 1 Vk^= Vkjk^ .... (4) 

The ratio of the area of the catalyst in its two states (i.e., 
can thus be measured and compared with the fall in catalytic 
activity, without assuming any particular value for the refractive 
- index of the copper oxide. 
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Experimental. 

The films used were prepared as described previously (Proc. Roy . 
Soc. 9 1924, A, 106, 251). They were rendered active by alternate 
oxidation and reduction at 210°, and the nature of the departure 
from the parabolic law was studied, together with the effect of 
arrested oxidation. The fractional conductivities of the film of 
copper and the constants of the parabolic law are shown in Table I. 


Table I. 


t (mins.). 
0 
1 
2 

3 

4 

5 

6 
10 
15 


Fraction of original 
metal remaining. 

c (ohm” 1 ). 

o 

to 

ii 

1*000 

0*000 

— 

0*747 

0*149 

0*0222 

0*671 

0*193 

0*0183 

0*600 

0*236 

0*0159 

0*558 

0*261 

0*0170 

0*525 

0*281 

0*0157 

0*494 

0*299 

0*0149 

0*422 

0*342 

0*0117 

0*349 

0*385 

0*0099 


The fall in the initial conductivity noticed by Dunn was con¬ 
firmed, some 18% being lost in five alternate oxidations and reduc¬ 
tions. The fractions of the initial conductivities were plotted 
against time, so that each curve should be strictly comparable# 
If the arrested oxidation follows the same law, then the value of 
the constant so obtained would be of importance as a characteristic 
of the hardened oxide film produced in the second experiment. 
A difficulty arises in calculating the value of K c for all curves after 
the first, because the origin of the later curves is not the point 
t =s 0, c = TOO; this can be removed by considering later curves 
as part of a parabolic curve of the form c 2 — K c (t + t), and deriving 
K c from the relation 2c.dc/dt = K c . The results so obtained are 
recorded in Table II. 

The value of K c is thus the same whether the oxidation has been 
arrested for 20 or 70 minutes; hence the sintering and hardening of 
the oxide is moderately rapid. The oxide formed during con¬ 
tinuous oxidation has, however, a higher permeability to oxygen, 
since it does not have time completely to attain the final state, 
owing to the constant formation of a fresh layer. The result 
nevertheless confirms that the fall in the constant for the most active 
catalysts can be accounted for by the hardening of the newly formed 
oxide layer; thus it is necessary for the solution of equation (4) to 
compare the values of K in the initial stages of the oxidation.* 

* It is fortunate that the values of K, both for the equivalent air thick¬ 
ness curves and for the fall in conductivity compared with time, fall in the 
same manner for the most active catalysts. Hence the average values may 
be used for comparison, and for solution of equation (4). < 
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Table II. 

The constant in the parabolic law for catalysts whose oxidation 
has been arrested and then continued. 



Fall in 


Mean c 

Time 



u 

conductivity, over interval, 

, interval. 

Ac. 

K< x 10 s . 



A. 

Oxidation arrested for 20 

mins. 


0 

0-000 






2 

0-198 






5 

0-229 


0-233 

10 - 2 = 8 

0-069 

4-00 

10 

0-267 


0*260 

IS - 5 = 10 

0-063 

3*27 

15 

20 

0-292 

0-314 


0*290 

20-10 = 10 

0-047 

2-73 



B. 

Oxidation arrested for 70 mins. 


2 

0-216 






5 

0-254 


0-248 

10- 2=8 

0*064 

3*96 

10 

0-280 


0-288 

15 — 5 = 10 

0-068 

3*92 

15 

20 

0-322 

0-339 


0-310 

20 — 10 = 10 

0-059 

3*76 


The same film of metallic copper was studied by simultaneous!}? 
measuring its conductivity and comparing its colour with a stan¬ 
dard. An activated film, prepared at 210°, was sintered at 440° 
for 10, 50, 100, and 200 minutes, and its rate of oxidation studied 
immediately after each sintering. (After each experiment the film 
was reduced at 210° by carbon monoxide, and sintered for the 
requisite time for the next experiment.) It was more convenient 
to use an old rod coated with copper which had been oxidised and 
reduced a large number of times; there was thus less volatilisation 
of copper during the series of experiments than would have been 
found with a freshly prepared rod. 

The results obtained with the old rod are recorded in Table HI, 
which shows the validity of the parabolic law; a represents the 
equivalent air-thickness of the oxide film (in cm. x 10~ 5 ), and 
K a is the corresponding constant {K a = a 2 /£). 

The mean values of K c and K a are used, since it is evident from 
Tables HI A and B that the fall in the constants for the fully 
activated catalysts occurs in the results of both methods and to a 
strictly comparable extent (see footnote, p. 1581). The surface area 
is reduced to about one-third while the catalytic activity is reduced 
to about one-seventh; thus the reduction in the surface is somewhat 
more effective in reducing the catalytic activity than is the collapse 
in the actual centres existing on the surface. 

It has therefore been shown that the active centres collapse when 
exp osed, to temperatures considerably in excess of those at which 
tihe ^surface was formed, and hence that these centres of activity 
a S ^ a ^ e B ^ ra * n * the coarse structure seems to collapse 
more easily, suggesting that the energy present in the centres 
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Table III. 



The oxidation of active and sintered catalysts at 210 c 

A. Measurements by the conductivity method. 

Time of sintering at 440° (mins.). 

) 


s 

0-0 


10 


50 

100 

t . 

c. 

ioo-k:,. 

c. 

K c x 10®. 

c. 

K c Xl0*. 

c. 

ijr*xio*. 

0 

0*000 

__ 

0*000 

—- 

0*000 

— 

0*000 

— 

1 

0*142 

2*02 

0*086 

7*41 

0*045 

2*01 

0*030 

9*00 

2 

0*191 

1*82 

0*122 

7*45 

0*066 

2*18 

0*036 

6*48 

3 

0*234 

1*82 

0*150 

7*50 

0*079 

2*08 

0*048 

7*68 

4 

0*249 

1*55 

0*171 

7*30 

0*092 

2*12 

0*055 

7*56 

5 

0*272 

1*48 

0*184 

6*76 

0*103 

2*13 

0*068 

9*23 

6 

0*287 

1*37 

0*203 

6*86 

0*108 

1*95 

0*071 

8*38 

7 

0*303 

1*31 

0*225 

7*23 

0*123 

1*80 

0*078 

8*68 

8 

0*312 

1*22 

0*241 

7*26 

0*134 

2*22 

0*083 

8*61 

10 

0*338 

1*14 

0*259 

6*71 

0*149 

2*21 

0*101 

10*2 

12 


0*276 

6*34 

0*162 

2*62 

0*112 

10*4 

14 



0*299 

6*38 

0*178 

2*63 

0*126 

11*3 




Mean value of K e . 





1*52 

x io- 2 

7*02 

x io- 3 

tsD 

oo 

X io- 3 

8*76 X 

10- 4 



B. 

Measurements by the colour method.* 






Time < 

of sintering 

at 440° (mins.). 




/** 

0*0 


10 


50 

100 

L 

a. 

K«X 10 10 . a. 

AaXlO 10 . 

a. 

.ETaX 10 1 ®. 

a. KaX 10“ 

0 

0*0 

_ 

0*0 

— 

0*0 


0*0 

— 

1 

2*0 

4*0 

1*5 

2*2 

1*3 

1*7 

1*2 

1*4 

2 

2*4 

2*9 

2*1 

2*2 

1*9 

1*8 

1*6 

1*3 

3 

2*8 

2*6 

2*6 

2*3 

2*2 

1*6 

2*2 

1*6 

4 

3*1 

2*4 

3*0 

2*3 

2*5 

1*6 

2*3 

1*3 

5 

3*3 

2*2 

3*2 

2*0 

2*9 

1*7 

2*6 

1*4 

6 

3*6 

2*2 

3*5 

2*0 

3*0 

1*5 

2*9 

1*4 

7 

3*9 

2*2 

3*8 

2*1 

3*3 

1*6 

3*2 

1*5 

8 

4*1 

2*1 

4*0 

2*0 

3*6 

1*6 

3*4 

1*4 

0 

4*3 

2*0 

4*2 

2*0 

3*9 

1*7 

3*7 

1*5 

10 







3*9 

1*5 




Mean value of K a - 





2*50 

X IO** 1 ® 

2*12 

X 10" 1 ® 

1*63 

x io- 10 

1*43 X 

10-io 


* Estimated from Rollett’s table (Sitzungsber. K. AJcad. Wien , 1887, 57, 
229) of the colours of Newton’s rings in transmitted light. 


Table IV. 


Comparison of fall in catalytic activity in the dehydrogenation of 
alcohol with the decrease in surface area . 


Time of sintering (mins.) . 

0*0 

10 

50 

100 

200 

K a X 10* ... 

152 

70*2 

21*8 

8-76 

8*19 

K a X 10» .. 

2*50 

2-12 

1*63 

1*43 

1*33 

Fractional surface area ... 

Rate of dehydrogenation ob¬ 
served with six rods similarly 

1*00 

0*72 

0*468 

0*32 

0*33 

prepared ... 

3*21 

1*71 

0*47 

0*43 

Of 43 

Fractional reaction velocity ... 

1*00 

0*53 

0*146 

0*1?4 

0*134 

Reaction velocity per unit area 



0*31 

0*40 

of catalyst ..................... 

1*00 

0*74 

0*42 
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of activity is not very greatly in excess of that possessed by the 
regular arrangement of the surface atoms. Thus the theory in the 
form advanced by Taylor, and by Armstrong and Hilditch, seems 
to be too drastic, and the more moderate views of Pease and 
Constable accord better with the experimental facts. 

Laboratory of Physical Cbbmistry, 

Cambridge. [ Received , May 23 rd, 1927.] 


CCIX— The Electroendosmosis of Aqueous Solutions 
through a Diaphragm of Sintered Glass Powder . 

By Feed Fairbrother and Harold Varley. 

Glass capillaries and diaphragms of powdered glass have been 
used for many quantitative investigations on electrokinetic phe¬ 
nomena. A review of the earlier work (to the end of 1913) is given 
by Smoluchowski (Graetz, “ Handb. d. Elektrizitat u. des Mag- 
netismus,” Vol. 2, p. 366). Powis (Z . physikal . Ghent., 1915, 89, 
91), Kruyt (.Kolloid Z., 1918, 22, 81), Freuhdlich and Bona (Sitz- 
ungsher. Preuss . Akad. Wiss . Berlin , 1920, 20, 397), and Hepburn 
( Proc . Physical Soc. 9 1926, 38, 363; 1927, 39, 99) have also used a 
glass-water interface for electrokinetic experiments. 

The results of Laehs and Kronman {Bull. International Acad . 
Polonaise , 1925,10, A , 289), however, appear to throw some doubt 
on the quantitative value of previous work, for they found that the 
stream potentials through glass and quartz capillaries could be 
reproduced with an accuracy of only 14% under seemingly identical 
conditions, and they state that " the streaming potential has no 
constant value and is varying in time.” Hence they argue that all 
results obtained for flow potentials of aqueous solutions in glass or 
quartz capillaries must be considered to be merely qualitative 
(. Rocz . Chem., 1926, 6, 641). Such a conclusion necessarily involves 
also electroendosmosis of aqueous solutions through glass powder 
or capillary tubes. 

The results now recorded, which were carried out before the work 
of Laehs and Kronman came to our notice, were the outcome of 
preliminary experiments with diaphragms of sintered Jena-glass 
powder, carried out with aqueous solutions prior to the use of such 
a diaphragm for electroendosmotic investigations in non-aqueous 
systems. 

A diaphragm of sintered glass powder possesses the advantages 
of rigidity and simplicity, i.e., no foreign material (glass wool, etc.) 
is required to keep the diaphragm in place, and the apparatus can 
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be made of the same kind of glass holding the diaphragm fused in 
position. 

Experimental. 

The apparatus employed was essentially that described by 
Fairbrother and Mastin (J., 1924, 125, 2319), the central compart¬ 
ment A ( loc . cit.) being replaced by a tube carrying the sintered 
diaphragm fused into its centre, and the capillary tubes, EE, 
extended to the sides of the diaphragm. The particular glass disc 
used, of sintered Jena “ derate 55 glass, was of the closest grain 
manufactured (designated as G3/<7), and was approximately 
2 cm. in diam eter and 3 mm. thick. It was supplied fused in position 
by the makers, Messrs. Schott u. Gen. of Jena. 

The diaphragm was cleaned first in alcohol or acetone to remove 
grease, and then in concentrated sulphuric acid. Air was removed 
from the pores by placing the tube carrying the diaphragm in a 
larger tube, and evacuating by a water pump; a small quantity of 
air-free water was then admitted to the containing vessel and 
allowed to boil under reduced pressure for some time, after which 
air-free water was allowed to fill the vessel. Before each series of 
estimations, the apparatus was well rinsed with the solution 
employed, several hundred c.c. being allowed to pass through the 
diaphragm over-night. 

The value of Ijq (the ratio of the effective length of the diaphragm 
to its effective cross section) was measured with several solutions 
in the manner described by Fairbrother and Mastin (foe. cit.). 
Each estimation was repeated many times with various voltages 
across the diaphragm. The individual readings showed good 
agreement. In Table I are the average values of Ijq for each 
solution; they show a small increase with concentration, even in 
such comparatively well-conducting solutions. 


Table I. 


Solution. 

l\q. 

Solution. 

llg. 

N /100-KC1 

1*723 

N /100-HC1 

1-768 

tf/10-KCl 

1*730 

Nl 1G-HC1 

1-782 

N /5-KCl 

1*751 

A75-HCi 

1-783 

N] I-KC1 

1*755 

* 



In Table II are the results of electroendosmosis experiments with 
water and dilute hydrochloric acid. ET (in volt-seconds) is the 
product of the potential gradient across the diaphragm and the 
time for the transport of 1 c.c. of solution. £, the potential of the 
double layer as calculated from the Helmholtz-Smoluchowski 
formula, is also given for comparison; in making this calculation, 
a value for l/q of 1*77 has been assumed. 
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Eor some time no great difficulty was experienced in obtaining 
concordant and reproducible results, which are given as Series I. 

Table II. 

Series I. Series II. 


Solution. ET . £ (volt). ET. J (volt). 

Water.. 4,520 -0*0557 14,880 -0*0169 

N /5000-HC1 . 4,880 -0*0516 26,700 -0*0094 

U7/1250-HC1 . 5,668 -0*0444 43,500 -0*0058 

N7400-HC1. 6,546 -0*0394 ? 0*00 

A7/100-HC1. 10,200 -0*0247 17,970 +0*0140 


At this time, the glass was still negatively charged in N /40-hydro- 
chloric acid. During experiments with this solution, however, 
effects similar to those found by Laehs and Kronman were first 
observed, i.e,, £ became less negative with time. [Repetition of 
the estimations in the solutions previously used gave the results of 
Series II, the diaphragm having in the meantime been carefully 
cleaned. The results obtained in this series were also quite con¬ 
cordant among themselves, but £ was throughout less negative 
than in the same solution in Series I. The glass surface appears to 
have undergone some change which has the effect of rendering it 
more positive. Experiments with dilute solutions of lanthanum 
nitrate gave further indications that £ was decreasing with increase 
of time; and at the conclusion of these experiments, £ in distilled 
water was found to have undergone a further decrease. 

Some time previous to the foregoing experiments, the permeability 
of this particular diaphragm had been measured for the purpose of 
proving that Poiseuille’s law held good, and that the resistance of 
the bubble and connecting tubes to the fiow of water was negligible 
compared with that of the diaphragm—^necessary conditions for 
accurate work by our method. It was found that the diaphragm 
had a “ specific permeability ” at 20° of 2*10 x 10~ 4 : by this term 
is meant the number of c.e. of water passing through per second 
under a head of 1 cm, of water. After the foregoing experiments, 
the permeability was redetermined, and was found to have fallen 
to 2*43 x 10~ 5 , or about one-ninth of its former value. 

The permeability estimations were carried out by allowing boiled 
distilled water, under a head of about 80 cm. (measured by a catheto- 
meter), to flow through the diaphragm and escape by a small tube 
into a tared weiring bottle. The estimations were performed in a 
room the temperature of which remained practically constant during 
an estimation. The temperature of the water was further observed 
in the proximity of the diaphragm, and the permeability corrected 
for^changes in viscosity and density to 20°. Great care was taken 
to enssre the absence of grease or suspended impurities in the water. 
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Continued passage of water through the diaphragm brought about a 
still further decrease of permeability. After the diaphragm had been 
soaked over-night in pure concentrated nitric acid, the permeability 
rose to 2-038 X 10" 4 , which is approximately the same as that found 
originally. Subsequent passage of water again ejected a decrease 
in the permeability, rapidly at first, and then more slowly. 

It was observed that the permeability decreased at a greater rate 
if the water were passed through than if it were allowed merely to 
remain in the diaphragm. A determination of the electroendosmosis 
in distilled water, immediately after the diaphragm had been 
treated with nitric acid, gave £ = — 0-0557 volt, which is the same 
as that initially found. This, however, was only a temporary value, 
and subsequent estimations in dilute hydrochloric acid agreed more 
nearly with Series II. 

The decrease in permeability on passage of water was confirmed 
with other diaphragms. In one case, where the porous plug was 
of the same kind as that used above, but 5 mm. instead of 3 mm. 
thick, even consecutive estimations showed a decrease, and in 
4—5 hours the permeability fell from 1-746 X 10 -5 to 0-574 X 10~ 5 . 
Another plug of the same porosity, 3 cm. diam. and 3 mm. thick, 
was attached directly to the receiver of a conductivity-water still: 
passage of about 3 litres of water, over a period of a week, reduced 
the permeability to half its initial value. 

In these latter cases the change appears to have taken place 
much more quickly than with the apparently similar filter disc 
used in the first set of experiments. This may be partly accounted 
for by the fact that the first disc had been heated and annealed 
more than the others, during the process of forming ground joints 
on the tube which contained it. In the case of this diaphragm also, 
it would almost appear that there was an initial period during which 
no appreciable change took place. 

Discussion* 

The foregoing results suggest strongly that the glass surface has 
undergone a swelling process. Haber and Klemensiewiez (Z. 
physikal. Chem 1909, 67, 385) postulate the existence of a swollen 
layer on the surface of the glass in explaining their observations 
with the glass electrode, and Lachs and Kronman {loc, cii.) suggest 
that their results are probably due to a swelling process which 
advances with time. 

A simple decrease in the effective size of the pores of the 
diaphragm, although explaining a decrease in the amount of electro- 
endosmosis, and hence in the (negative) value of the interfacial 
potential (when this is calculated on the assumption of a too small 
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value of l/q), would not in itself bring about a reversal in the direction 
of electroendosmosis. We must therefore conclude, either that 
the swelling of the surface layer is accompanied by a change which 
has the effect of imparting a positive charge to the diaphragm, or 
that the distribution of potential within the swollen layer is such 
as to cause a reversal of sign in certain solutions, e.g*, N /100-hydro- 
chloric acid. Lachs and Kronman attribute the decrease of £, due to 
the thickening of the wall layer by swelling, to a shifting of the line 
along which displacement occurs (Fig. 1, A and B). 

If, however, the course of the potential should be as in Fig. 2, 
as suggested by Freundlich {“ KapiUarchemie,” 1922, p. 342) in 
order to explain the difference in sign between thermodynamic and 
electrokinetie potentials, then we might obtain a reversal of direction 
of electroendosmosis by a thickening of the wall layer. 

Fig. 1. Fig. 2. 


l 


A 3 

The present work therefore supports the conclusion of Lachs and 
Kron man , that the interfacial equilibrium between glass and 
aqueous solutions is not a true one, but one which changes with 
time. Since, however, the change in the surface may, with suitable 
material, take place relatively slowly, this change does not neces¬ 
sarily invalidate experiments carried out on the effects of ions of 
different kinds on the interfacial potential. It is to he expected, 
for example, that the change will occur more slowly with the Jena 
u Gerate ” glass used in the present work than with the ordinary 
Thuringian glass used by Lachs and Kronman. 

We also passed considerable quantities of alcohol and of benzene 
through the dried diaphragm, without observing any change in the 
permeability to these liquids. Such a diaphragm, therefore, can 
probably be used successfully for quantitative experiments in 
non-aqueous liquids. 
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Summary . 

(1) Electroendosmosis experiments have been carried out with 
a dia phragm of sintered Jena “ Gerate ” glass powder in water and 
in dilute hydrochloric acid. 

(2) The amount of electroendosmosis decreased after a time, and 
in N /100-hydrochloric acid it became reversed in direction. 

(3) Experiments were also carried out on the permeability of 
the diaphragm to water. This also decreased with the time during 
which water was passed through the diaphragm. 

(4) It is suggested that these results indicate that the glass surface 
undergoes a swelling process, and, further, that the distribution of 
potential within the swollen layer may account for the reversal of 
direction. 

In conclusion, we should like to thank Mr. C. E. Marshall, who 
carried out a number of preliminary measurements, and to acknow¬ 
ledge our indebtedness to the Chemical Society Research Fund and 
the Brunner-Mond Research Grant to this Department, which have 
partly defrayed the cost of this work. One of us (H. V.) also 
desires to thank the Department of Scientific and Industrial 
Research for a maintenance grant during its prosecution. 

The University, Manchester. [Received, May 5th , 1927*] 


OCX .—Strychnine and Brucine. Part IV. 

By George Roger Clemo, William Henry Perkin, junr., and 
Robert Robinson. 

The present communication contains the description of part of a 
general investigation into the reduction products of strychnine, 
and is mainly concerned with the examination of 
strychnidine, C 2 iH 24 ON 2 . It also includes a short account of 
experiments which we have carried out on the decomposition of 
methylstrychnine under various conditions. » ■ 

Our knowledge of the reduction products of strychnine is due 
almost entirely to Tafel, who in 1892 (Annalen, 268, 235, 245) 
published the results of an important investigation on the reduction 
of this substance with hydriodic acid in the presence of phosphorus. 
He showed that strychnine, under these conditions, is converted 
into deoxystrychnine, C 21 H 26 ON 2 , by the addition of six atoms of 
hydrogen and elimination of water. This important substance 
yields, on hydrolysis, deoxystrychnic acid, which, 

on treatment with acids, is again converted into deoxystrychnine. 
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It Is clear, therefore, that it still contains the group CO-IT—, so 
characteristic of strychnine, and that it is the second oxygen atom 
in the molecule which has taken part in the reduction. In a subse¬ 
quent paper ( Annalen , 1898, 301, 285), Tafel describes the reduction 
of deoxystrychnine (i) to strychnoline, C 21 H 26 N 2 , by treatment 
with sodium and isoamyl alcohol and (ii) to dihydrostrychnoline, 
C 21 H a8 lJ 2 , by electrolytic reduction. Tafel also examined the 
products of the electrolytic reduction of strychnine itself, tod showed 
that this substance is converted, under the conditions he employed, 
into a mixture of strychnidine, C 21 H 24 ON a , and tetrahydro- 
strychnine, C 21 H 26 0 2 IT 2 . Since the latter is converted into the former 
by dehydrating agents, he suggested that the relationship between 
these substances is probably that represented by the scheme: 

(C 20 H 22 O)(!N)<| H2 ' (W)W<g‘ 0H 

Strychnidine . (Tetrahydrostrychnin&• 

Tn the course of an inquiry into the properties of strychnidine, 
we have much simplified the preparation of this substance and its 
separation from tetrahydrostrychnine (p. 1600), and we have thus 
been able to prepare, in a comparatively simple manner, both of 
these substances in considerable quantities. The results of an 
investigation into the properties and decompositions of tetrahydro¬ 
strychnine, which are of considerable interest, will form the 
subject of a later communication. The starting point in the 
experiments described in the present communication has been 
strychnidine methosulphate, C 23 H 24 0N 2 ,Me 2 S0 4 , which has been 
obtained (i) by the direct union of strychnidine with methyl sulphate 
and (ii) from strychnine methosulphate by electrolytic reduction, 
and from which a number of simple derivatives such as the metho- 
bromide, methochloride, and methiodide have been conveniently 
prepared. 

From the fact that these two methods give rise to identical 
substances, it is evident that the nitrogen atom which is methylated 
in the course of the formation of strychnidine methosulphate is not 
that which occurs in the amide group of strychnine. Strychnidine 

methosulphate is therefore G 20 H 22 O(5NMe) < ^^ 2 jS0 4 Me. When 

strychnidine methosulphate is digested with methyl-alcoholic 
potash it is converted into methoxymethyldiJiydrostrychnidine, 
m, p. 126°, which crystallises splendidly in prisms, the 
interesting peculiarities of which have been examined by Dr. T. V. 
Barker (see p. 1602). This substance, produced from strychnidine 
by the introduction of a methyl group and addition of methyl 
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alcohol, is a mono-acid base yielding a hjdriodide > C 2 3 Hg 0 O 2 N 2 ,HI, 
and a methiodide, C 23 H 30 O 2 :N a; MeI, and the latter is converted by 
silver hydroxide into the methohydroxide, C^H^OaN^MeOH, m. p. 
117°. I like strychnidine, but unlike strychnine, these substances 
give each an intense crimson coloration when a drop of dichromato 
is added to its solution in dilute sulphuric acid, and this and other 
reactions (see below) suggest that the further inethylation of 
methoxymethyldihydrostrychnidine again occurs at that nitrogen 
atom which is responsible for the basic properties of strychnine. 
The conclusion appears inevitable that methoxymethyldihydro- 
stryohnidine and its methiodide should be represented by the 
expressions 

C 20 H 22 O(OMe)(:NMe )<^ H2 and C 20 H 22 O(OMe)(:3SIMe 2 )<^ Hl! }I 


respectively. 

The simplest conceivable formulation of the decomposition of 
stryc hnidin e methosulphate by means of methyl-alcoholic potassium 
hydroxide is in accordance with the scheme : 

4 Me and MeO}K —>■ ^C(OMe), l^Me and SO 

It is, however, by no means certain that the groups C 20 H 2 2 O of 
strychnidine and of methoxymethyldihydrostrychnidine are identi¬ 
cal. Indeed the reconstitution of the quaternary salts with loss 
of methyl alcohol leads, as shown below, not to methylstrychni- 
dinium salts, but to an isomeric series. 



^C—riMaJSO. 


A curious property of methoxymethyldihydrostrychnidine is the 
fact that, while the direct action of methyl iodide yields the moth- 
iodide just mentioned, an entirely different result is obtained when 
methyl iodide acts on the methyl-alcoholic solution of the base. 
In these circumstances, two oxymcthozyinclhyldihydrostrychnidineis, 
CyisoOgNg, namely (A), m. p. 235°, and (B), m, p. 270°, are pro¬ 
duced ; the former is convertible into the latter in a variety of ways, 
for example, by merely boiling with xylone. The investigation 
into the constitutions of these substances and the significance of 
these curious changes has not yet been completed. 

Although methoxymethyldihydrostrychnidine combines with 
methyl sulphate with difficulty and is only gradually converted into 
the monomethosulphate under ordinary conditions, it is remarkable 
that it yields a substance, C 2 3 H so O a ]Sr 2 , 2 Me a S 0 4 , evidently a mixture 
of two dimethosulphaies (A) and (B), when its solution in dry benzene 
is boiled with methyl sulphate for several hours; of these, only the 
one (A) and its derivatives have so far been obtained 
condition. When sodium iodide is added to the aqueous sdn^g^^l > 
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the mixed dimethosulphates, the dvmethiodide (A), G^Hg^Ng^Mel, 
m. p. 297° (deeomp.), is precipitated and readily obtained pure. 
The dimethocJdoride (A), C^HgQ 0 2 N 2 ,2MeCl ,3H 2 0, obtained from 
the dimethiodide by the action of silver chloride, crystallises from 
water in glistening prisms and is decomposed by boiling with 
methyl-alcoholic potash with. loss of two molecules of methyl 
chloride and regeneration of methoxymethyldihydrostrychnidine. 
It is evident that the dimethochloride must have the formula* 

C 20 H 22 O(OMe)(:NMe 2 )<^ e }ci 2 , 

and since, on decomposition as just described, each nitrogen atom 
loses a methyl group in the form of methyl alcohol and no rings are 
broken, it is apparent that the heterocyclic ring system of methoxy- 
methyldihydrostrychnidine is one possessing quite unusual stability. 
When, however, the dry dimethochloride (A) is heated, it loses two 
molecules of methyl chloride and methyl alcohol and yields methyl - 
if/strychnidine (see below). Methoxymethyldihydrostrychnidine, 
dissolved in dilute methyl-alcoholic potash, is readily oxidised by 
hydrogen peroxide with the formation of methoxymethylstrychnidonic 
acid, C 21 H 2S 0 5 N 2 , a gum which is evidently an amino-acid, because, 
on slow evaporation of its aqueous solution, it is converted into 
anhydromeilioxymethyUtrychnidonic acid , C 21 H 26 0 4 N 2 , which crystall¬ 
ises well from alcohol and melts at 222°. 

The further investigation of this interesting substance is in 
progress. 

Ethoxymethyldihydrostrychnidine. —In order to determine whether 
a process similar to the formation of methoxymethyldihydro- 
strychnidine would occur if ethyl alcohol were substituted for the 
methyl alcohol used in the preparation of this substance, strychni- 
dine methosulphate was digested with ethyl-alcoholic potash; a 
substance was then obtained which melted at about 98° and proved 
to be ethoxymethyldihydrostrychnidine, C 24 H 32 0 2 N 2 . This sub¬ 
stance differs from the corresponding methoxy-derivative in the 
absence of the facility for crystallisation so remarkable in the latter 
and also in its greater instability on exposure to the air, whereby 
it rapidly becomes dark purple; it was therefore not further 
investigated. 

Methyl-$-sirychnidine, C 22 H 26 ON 2 .—This interesting base is 
obtained when methoxymethyldihydrostrychnidine dimethochloride 
(see above) is heated and also by heating methyl^eostrychnidinium 
chloride (A) or (B) (see p. 1593). It melts at 203—204° and 
forms vrell-defined salts, of which the hydriodide , C 2 2 H 2 6 0 ]Sr 2 ,HI, is 

ESS ff tt 1C.. 

methiodide, C^H^O^jMel, produced by the direct com- 
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bination of the base with methyl iodide, also crystallises well, and 
is converted by silver chloride into the corresponding methochloride , 
which decomposes on heating into methyl chloride and the base. 
Methyl-^-strychnidine is not changed by electrolytic reduction, but 
is readily and almost quantitatively oxidised by permanganate to 
strychnidone , C 21 H^0 3 N 2 , an atom of carbon being lost during the 
process. T his substance crystallises well, melts at 152°, and yields 
a monoxime, C 21 H 25 0 3 N 3 , and a disemicarbazone , C 23 H 30 O 3 N 8 ; 
it is characterised by being remarkably resistant to further oxidation 
by permanganate. When it is boiled with methyl-alcoholic potash, 
it is converted into an isomeride, oXlo-strychnidone, m. p. 260—265°, 
which is no longer capable of combining either with hydroxylamino 
or with semicarbazide. 

The Methylneostrychnidinium Salts (A) and (B).—When methoxy- 
methyldihydrostrychnidine is boiled with dilute sulphuric acid, 
methyl alcohol is eliminated and a solution is obtained which 
evidently contains the quaternary methylneostnjchnidinium sulphates 
(A) and (B), and this solution does not give any precipitate on the 
addition of ammonia or caustic potash. On adding excess of 
sodium iodide, methylneostrychnidinium iodide (A) its precipitated, 
the isomeride (B) remaining in solution. The iodide (A) crystallises 
well from water, melts at about 300° (decomp.), and is converted 
by silver chloride into methylneostrychnidinium chloride (A), 
C 22 H 27 0N 2 C1,3H 2 0, which separates from water in splendid, glisten¬ 
ing, prismatic needles, for the description and measurement of which 
(p. 1612) we are indebted to Dr. T. V. Barker. When this chloride 
is digested with methyl-alcoholic potash, it adds on methyl alcohol 
with the formation of methoxymethyldihydrostryohnidine (m. p. 
126°), but if the dry chloride is heated it loses hydrogen chloride, and 
methyl-i/r-strychnidine (m. p. 203°) remains in an almost pure 
condition. Mettylneostrychnidinium iodide (B), C^H^ONgl, is 
obtained when the mother-liquor from the separation of the isomeride 
(A, see above) containing sodium iodide is mixed with much 50% 
aqueous potassium hydroxide. This substance separates from 
acetone as a sandy, crystalline precipitate, m* p. 277° (decomp.), 
and is converted by silver chloride into methylneostrychnidinium 
chloride (B), C aa H2 7 ON 2 Cl,H 2 0, m. p. 255° (decomp,), which, unlike 
the isomeride (A), exhibits little facility for crystallising. When 
it is digested with methyl-alcoholic potash, it is converted into 
methoxymethyldihydrostrychnidine and, on heating in a test-tube, 
it yields methyl-t^-strychnidine. This reaction shows that the 

latter base may be represented by the formula O 20 H^ l O(:KMe)<^® 2 ) 

but the elimination of methyl alcohol may not be a simple 
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involving the formation of a double bond. The difficulty is that 
methyl-^-strychmdine is unchanged by electrolytic reduction, 
whereas, methoxymethyldihydrostrychnidine yields a dihydro¬ 
derivative under similar conditions. 

M ethoxymethyltetrahy dr ostrychnidine, —This sub¬ 

stance is obtained when methoxymethyldihydrostrychnidine is 
reduced electrolytically; it melts at 220° and is characterised by the 
facility with which it crystallises, separating, for example, from 
xylene in brilliant prisms. Considered as a strong base, it is mono- 
acid and yields a hydriodide , C 23 H 3 20 2 N 2 ,BI, and a methiodide (a), 
CagHg^^Mel, m. p. 227°, both of which crystallise well. The 
methochloride (&), prepared from the methiodide (a) with silver 
chloride, is a readily soluble, waxy, crystalline substance which is 
decomposed by boiling methyl-alcoholic potash with elimination 
of methyl chloride and separation of methoxymethyltetrahydro- 
strychnidine. When this base is boiled with dry benzene and 
excess of methyl sulphate for 20 hours, it yields a homy mass, 
whioh is a mixture of the two dimethosulphates (A) 'and (B), and the 
benzene solution gradually deposits crystals of the dimethosulphate 
(A). The homy mass, dissolved in water, yields on the addition 
of sodium iodide the dimethiodide (A), m, p. 315° (efferv.), the iso- 
meiide (B) remaining in solution. From the dimethiodide (A) the 
dimethocMoride (A) was prepared with the aid of silver chloride as 
an indefinite crystalline mass which, when heated, loses two mole¬ 
cules of methyl chloride and methyl alcohol and yields methyl - 
\j/~dihydrostrychnidine , C 22 H 28 OIsr 2 , m. p. 212° (compare p. 1596). 

MethoxymethyltetraJiydrostryehnidine dimethiodide (B) is precipit¬ 
ated from the mother-liquors of (A), containing sodium iodide, by 
the addition of a large excess of caustic potash (50%) and separates 
from alcohol in prisms. This dimethiodide (B) melts at 165°, and 
at about 230° loses both molecules of methyl iodide with regeneration 
of methoxymethyltetrahydrostrychnidine. If, however, the di¬ 
methiodide (B) is boiled with mesitylene, only one molecule of methyl, 
iodide escapes, and a methiodide (6) of methoxymethyltetrahydro- 
strychnidine separates whioh has m. p. 325° (decomp.) and is; 
isomeric with the methiodide (a) produced by the direct combination 
of the base with methyl iodide (see above). The methiodide (b) t 
on heating at 250°, loses methyl iodide with formation of methoxy- 
methyltetrahydrostiychnidme. The dimefJiochloride (B) obtained 
from the dimethiodide (B, m. p. 165°) by the action of silver chloride 
is a horny mass which, when heated in a test-tube, behaves differ¬ 
ently from^^t^^ dimethochloride (A) (see above), since it decomposes 
into methyl chloride and methoxymethyltetrahydrostrychni- 
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The most probable explanation of the isomerism of the dimetho- 
salts of the series (A) and (B) is that they are stereoisomerides 

corresponding to the formula C 20 H 24 O(OMe)(iN]Me 2 )'^^^ e |l 2 > since 

it is clear that the formation of the di-quaternary salts involves the 
appearance of a new asymmetric nitrogen atom. The reactions of 
themethiodides (a) and (6) show, however, that they are structurally 
different, and it will be convenient at this stage to mention briefly 
the methods and arguments which we employ in this and similar 
cases; some aspects of the matter are also discussed in the following 
c ommunication (see p. 1633). The presence of an aromatic nucleus 
bearing the —N-CO— group is the cause of important reactions, many 
of which were first observed by Tafel. The dichromate reaction 
(bluish-violet to reddish-violet) in moderately concentrated sulphuric 
acid solution is characteristic of strychnine; it is not given by 
stry ohnidihe or its derivatives. On the other hand, these give a 
crimson coloration when a little potassium dichromate is added to 
their solutions in dilute sulphuric acid. Closely allied to this is the 
crimson colour developed in dilute hydrochloric acid solutions 
of strychnidine derivatives on the addition of ferric chloride. With 
strychnine, this reaction is completely negative. Finally, stryohni- 
rline derivatives, but not strychnine, couple with diazonium salts 
to give characteristic azo-compounds. In this connexion, we have 
usually employed diazobenzenesulphonic acid as the reagent, and 
the alkaline or neutral solutions are then yellow or orange, becoming 
bluish-red on the addition of a mineral aoid. Incidentally it may 
be mentioned that Tafel’s view of the nature of methylstrychnine 
receives support from the circumstanoe that this substance couples 
readily with diazobenzenesulphonic aoid. The behaviour of stryoh- 
nidine derivatives in these reactions is very muoh influenced by the 
concentration of aoid in the solution, and this again harmonises 
with the view that we are observing the reactions of a tertiary 
aromatic amine. Thus in strong hydrochloric aoid solution 
strychnidine does not form azo-compounds and is not affeoted by 
ferric chloride. In the latter case, the red colour appears on dilution 
of the solution, and many strychnidine and brucidine derivatives 
show a similar behaviour. Tetrahydrostrychnine fails to exhibit 
these colour reactions at a smaller acid concentration than is 
necessary to inhibit the strychnidine reactions, whibt, in,connexion 
with other work not described in this communication, strychnidine 
derivatives have been obtained which only exhibit the ferric chloride 
reaction in very dilute hydrochloric acid solution and will not 
couple with diazo-salts in aoid solution unless an excess of sodium 
acetate is introduced. Analogies with the already aso«iNiirite@c|; 
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behaviour of aromatic amines suggest that when, for example, 
strychnidine is dissolved in hydrochloric acid of such a strength that 
the ferric chloride reaction fails, the explanation is that the base is 
present in the solution as the dihydrochloride. We already know 
(see above) that the nitrogen atom not joined to the aromatic 
nucleus is the more basic of the two which are present in the molecule. 
Important confirmation of this view is derived from the fact that 
without exception the dimetho-salts of strychnidine derivatives do 
not coiiple with diazonium salts and do not give the ferric chloride 
reaction. Reverting to the question of the constitutions of the 
methiodides (a) and ( b ) of methoxymethyltetrahydrostrychnidine, 
it is clear that we might expect one of these, that which contains a 
quaternary ammonium group attached to the benzene ring, to give 
negative results in the colour tests. Actually, after conversion into 
methochloride, themethiodide (A) couples easily with diazobenzene- 
sulphondc acid and exhibits a good ferric chloride reaction. The 
behaviour of the salt is closely similar to that of the parent base. 
On the other hand, the methochloride from the methiodide (b) did 
not give entirely negative results in the tests, but the colours were 
developed much more slowly and did not reach the intensity 
observed in the case of the (a) salt. We conclude that the meth- 

Iodide (a) is C 20 H 24 O(OMe) (:NMe 2 )<9 H 2 j i, whilst the methiodide 

(6), which may not be entirely homogeneous, is 

C^OCOMelCNMeK^Jl. 

It is shown in the following communication that the corresponding 
brucidine derivatives behave differently. 

Methyl-ty-dihydrostrychnidine, obtained either from methoxy- 
methyltetrahydrostrychnidine dimethochloride (A) or from methyl* 
Tieodihydrostrychnidinium chloride (see below) by heating, melts at 
212° and yields a methiodide , C 22 H 28 ON 2 ,MeI, m. p. 335° (decomp.); 
the corresponding methocMoride decomposed on heating, yielding a 
black syrup from which nothing definite could be isolated. Methyl- 

^-dihydrostrychnidine is clearly G 20 H 23 O( , .NMe) < ^^ 2 , but it is not 


yet certain that it is the dihydro-derivative of methyl-^-strychnidine. 
Further evidence on this point is at present being sought. 

The Metkylneodihydrostrychnidinium Salts .—As explained in the 
experimental section, these salts could not be directly obtained 
from methoxymethyltetrahydrostrychnidine, because this substance, 


| in contrast to the methoxydihydro-base, is not decomposed by 
with dilute sulphuric acid. The hydriodide of the methoxy- 
l^^hydro-base decomposes, however, on heating, yielding methyl 
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alcohol and methylneodihydrostrychnidinmm iodide, m. p. 350° 
(efferv.), the hot aqueous solution of which gives no precipitate with 
aqueous potassium hydroxide. 

On treatment with silver chloride, this yields mcthylneodihydro- 
strychnidinium chloride , which, on heating, is decomposed into 
hydrogen chloride and methyl-i/'-dihydrostrychnidine (m. p. 212°). 

Methylstrychnine, C 22 H 26 0 3 N 2 ,4H 2 0.—-This substance was first 
prepared by Tafel (Ber.,~ 1890, 23, 2732), who obtained it from 
strychnine methiodide by decomposition with silver sulphate, 
followed by removal of the sulphuric acid by baryta and concentra¬ 
tion of the filtrate; as the result of an extended examination 
(Anmlen, 1891, 264, 62), Tafel concluded that the formation of this 
substance from strychnine was best represented by the scheme : 


NMe 
^ x OH 


(C 20 H 22 O)-CO 


NMe 
# x OH 
(C 20 H 22 O)-CO-OH 

±nH 


Methylstrychninium. hydroxide . 


y^NMe 

NH 

Methylstrychnine. 


We have found that methylstrychnine may be obtained directly by 
simply mixing a solution of strychnine methosulphate with caustic 
potash, and it has therefore become an easily accessible substance. 
During an examination of methylstrychnine we observed that it 
decomposed, on heating under reduced pressure, with elimination 
of methyl alcohol and formation of a substance, C 21 H 22 0 2 N 2 , 
isomeric with strychnine, for which we suggest the name normethyl - 
strychnine . This base has not yet been obtained in a crystalline 
condition, but it yields a methiodide , CgjHgaOgN’gjMel, m. p. 315° 
(decomp.), and a methochloride , both of which are crystalline. When 
methylstrychnine, mixed with methyl-alcoholic potassium hydr¬ 
oxide, is heated gradually to 250°, a considerable quantity of 
indole is formed, and after this has been removed by steam dis¬ 
tillation, the residue, on heating with soda-lime, yields a further 
amount of indole and also a small quantity of earbazole, Methyl- 
strychnine is decomposed by heating with soda-lime, with the 
formation of a base, C J0 H U N, b. p. 93°/25 mm., which yields a 
picrate, m. p. 168°, and appears to be an ethylindole; earbazole is 
also produced in small quantity during this decomposition. The 
electrolytic reduction of a solution, of methylstrychnine in dilute 
sulphuric acid is described on p. 1626. After removal of the sulphuric 
acid by barium carbonate, the crystalline methyUtrychnidiniutn 

* In accordance with our present-day conceptions regardingthenatur* of 
betaines, methylstrychnine is a dipole and it is no longer necessary taiimime;;, 
propinquity of the groups »CO a and INMe. V; 
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hydrogen carbonate, C 22 H 27 0N 2 ,HC0 3 ,H 2 0, is obtained, and this is 
decomposed by boiling methyl-alcoholic potash, yielding methoxy* 
methyldihydrostrychnidine (m. p. 126°). On treatment with acids 
the carbonate yields the same strychnidine metho-salts as are 
obtained from strychnidine methosulphate by decomposition with 
sodium iodide and other salts. 

Whilst it is clearly possible to develop arguments bearing on the 
structure of strychnine and brucine from the new facts brought to 
light in this and the following investigation, we prefer to postpone 
such theoretical deductions until further experimental data are 
available. The annexed table illustrates the more important 
relationships described in this memoir. 

Experimental. 

Strychnine Methosulphate, C 21 H 22 0 2 N 2 ,Me 2 S0 4 .—Finely powdered 
strychnine (50 g.) is mixed with methyl alcohol (250 e.c.), and 
freshly distilled methyl sulphate (50 g.) added with shaking; the 
base then dissolves completely and the temperature rises about 17 \ 
The methosulphate, which soon begins to separate, is collected after 
24 horns, washed twice with a little methyl alcohol, and dried on the 
steam-bath (yield, 60 g.). The substance discolours at 270—280° 
and decomposes with effervescence at about 282°. It is very 
soluble in hot water and separates, on cooling, in quadrilateral 
plates; it also dissolves readily in hot methyl alcohol and crystallises 
therefrom in groups of glistening needles. The solution in sulphuric 
acid (60% by vol.) gives with dichromate an intense purple 
colour, changing to brown (Found: C, 59-7; H, 6-0; N, 6>3. 
C 21 H 22 0 2 N 2 ,Me 2 S0 1 requires C, 60-0; H, 6-1; N, GT%). 

Strychnine Methobromide. —When concentrated aqueous solutions 
of the methosulphate and sodium bromide are mixed, the metho¬ 
bromide separates immediately. It is readily soluble in hot water, 
from which it crystallises as a voluminous mass of glistening needles; 
it discolours at 300° and melts at about 320° (efferv.) (Found in 
material dried at 110°: O, 61-3; H, 5-9. C 21 H 22 O a N a ,MeBr 
requires C, 61-5; H, 5-8%). 

The aqueous solution of the methosulphate gives with sodium 
iodide an immediate precipitate of strychnine methiodide, which 
separates from much water in glistening, pearly cubes, darkens at 
300°, and effervesces at about 320° (compare Stahlschmidt, Fogy, 
Ann., 1859, 108, 513; Tafel, Ber., 1890, 23, 2733). 

Strychnidine and Tetrahydrostrychnine. —The following process for 
the preparation and separation of these substances is a considerable 
improvement on that recommended by Tafel (Annalen, 1898,301, 
303,316). ■ : W 
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Strychnine (160 g.), dissolved in sulphuric acid (900 g.) and water 
(600 c.c.), was placed in the cathode chamber of the electrolytic 
reduction apparatus described in Part II of this research (J., 1924, 
125, 1798) and reduced for 16 hours at 18° by a current of 5 amps. 
The product was diluted with ice, filtered, made alkaline with a 
large excess of concentrated caustic soda solution, and the resulting 
granular precipitate was collected, washed well with water, and dried 
on the steam-bath. The mixture was then extracted with boiling 
alcohol (1 litre) and quickly filtered; on cooling, a crystalline 
precipitate separated (34 g.); from the concentrated mother-liquor, 
a further 20 g. was obtained. 

This colourless crystalline mass, which, after drying at 100° 
had m. p. 183—185°, was recrystallised from benzene (700 c.c.); 
the nearly colourless crystals which separated (36 g.) melted at 202° 
and proved to be pure tetrahydrostrychnine (Found: C, 74*6; 
H, 7*7. C 21 H 26 0 2 N 2 requires C, 74*5; H, 7*7%). The benzene 
mother-liquor was evaporated to dryness, and the residue, on 
crystallisation from alcohol, yielded a voluminous mass of white 
needles (17 g.), m. p. 244—245°. The residue from the first alcoholic 
extract, crystallised from alcohol, in which it was sparingly soluble, 
gave, after the mother-liquors had been worked up, a further quantity 
(53 g.) of the same substance, m. p. 243—245°. The two portions 
were mixed and crystallised from alcohol, pure strychnidine, m. p. 
246°, being readily obtained. 

Strychnidine Hydriodide. —When strychnidine is shaken with 
dilute sulphuric acid, a crystalline mass of the sulphate results, and, 
if this is dissolved in hot water and sodium iodide added, a volumin¬ 
ous mass of needles separates. This is collected, washed, dried, 
and recrystallised from boiling alcohol, in which the hydriodide is 
sparingly soluble, crystallising in stars of glistening needles (Found : 
C, 56*6; H, 5*6. C^H^ON*,HI requires C, 56*3; H, 6*6%). This 
hydriodide is sparingly soluble in boiling water and the solution 
gives an im m ediate precipitate with ammonia. It discolours at 
275—280°, is nearly black at 290°, and decomposes at about 305° 
to a black froth. ~ 

Strychnidine MethosulpJiate. —This substance has been prepared 
in two ways : (i) by direct union and (ii) by the electrolytic reduction 
of strychnine methosulphate. 

(i). Strychnidine (40 g.) is mixed with methyl alcohol (250 c.c.), 
freshly distilled methyl sulphate (40 g.) added, and the whole shaken 
and warmed at 40—50°; . all passes into solution and suddenly 
gjjhe methosulphate commences to separate. After 12 hours, the 
'is'.collected, . washed with a little methyl alcohol, and 
^^^stallised from this solvent (Found in material dried at 
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100°: C, 61-2; H, 6-6. C^Ho^N^Me^SOj requires G, 61-8; 
H, 6-7%). 

(ii). Strychnine methosulphate (10 g.), dissolved in sulphuric 
acid (100 c.c. of 30% by vol.), is reduced in the usual electrolytic 
cell (p. 1600) by a current of 5 amps, for 16 hours. The clear, almost 
colourless solution is diluted with water, boiled with excess of 
bar ium carbonate, and filtered, and the filtrate and washings are 
concentrated to a small bulk; the mass of crystals that gradually 
separates is crystallised from methyl alcohol (Found in material 
dried at 100°: C,61-6; H, 6-9; N, 64%). 

The identity of the methosulphates produced in (i) and (ii) 
was shown (1) by conversion into identical methobromides and 
methiodides, and (2) by both yielding methoxymethyldihydro- 
strychnidine (m. p. 126°) by the action of methyl-alcoholic potash 

(p. 1602). 

The methobromide is prepared by mixing a warm, saturated solu¬ 
tion of strychnidine methosulphate with sodium bromide; the clear 
solution slowly deposits a woolly mass of needles, which is washed 
with water containing a trace of sulphurous acid and dried at 100°. 
The substance does not melt at 300° (Found: C, 63-9; H, 6-5. 
C 21 H M ON 2 ,MeBr requires C, 63-6; H, 6-5%). 

The methiodide separates as a voluminous mass of needles when 
sodium iodide is added to a hot aqueous solution of the metho¬ 
sulphate; on boiling, a clear solution is obtained from which the 
methiodide separates as a woolly mass of needles. This substance 
has already been described by Tafel (Annalen, 1898, 301, 314), who 
obtained it by direct union of strychnidine with methyl iodide. 
It decomposes at about 325° to a brown froth. 

The Methochloride. —The methiodide just described is readily 
soluble in boiling water, and on addition of silver chloride and 
digestion on the steam-bath for an hour decomposition is complete. 
The filtrate from the silver salts, on evaporation to a small bulk, 
deposits the very readily soluble methochloride in needles. These 
are collected and dissolved in a very little hot water and the solution 
is rapidly cooled; it sets to a j elly which gradually changes to colour-, 
less needles. The substance, dried at 100°, is a horny mass which 
begins to darken at 260°, is dark brown at 300°, and decomposes with 
effervescence at 310° (Found : C, 70-8; H, 7-3. C 21 H 24 ON s ,MeCl 
requires C, 71-1; H, 7-3%). When the dry, powdered metho¬ 
chloride was carefully heated in a test-tube over a free flame, a gas, 
which burnt with a green-edged flame, was given off and a con¬ 
siderable crystalline sublimate formed. The residual brown syrup 
crystallised in contact with methyl alcohol, separated from; 
solvent in needles, melted at 248—250°, and provecl.to 
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dine (Found; C, 78*2; H, 7*6%), but, owing to considerable 
decomposition, the yield was a small one. 

Methoxymethyldihydrostrychnidine . 

Strychnidine methosulphate (20 g.) is mixed with methyl- 
alcoholic potash (120 c.c. of 25%) and heated in an open flask in a 
rapidly boiling water-bath; the clear solution gradually clouds and, 
after 30 minutes, the well-cooled viscid product gives, on dilution 
with ice and water (600 c.c.), a caseous precipitate, which is washed 
well and allowed to dry on porous porcelain at the ordinary tem¬ 
perature. The nearly colourless mass, which melts at about 115— 
119° and is pure enough for many purposes, is rather readily soluble 
in boiling methyl alcohol, and separates, on slowly cooling, in highly 
characteristic, large, glistening, pale purple prisms. For reasons 
explained on p. 1603, it is advisable to dissolve the substance as 

rapidly as possible in the 
methyl alcohol and cool 
the filtered solution 
quickly by shaking it in 
a corked flask in contact 
with ice and water; after 
being washed with a 
little methyl alcohol, the 
crystalline meal is then 
only slightly coloured 
(Found :C, 75*4; H,8*2; 
N, 7*5; MeO, 8*2. C 23 H 3 0 O 2 N a requires 0,75*4; H, 8*2; N, 7*6; MeO, 
8*4%). Methoxymethyldihydrostrychnidine melts at 125—126° and 
the crystals become pale purple when exposed to the air or more 
rapidly when heated on a watch-glass on the steam-bath. It is 
readily soluble in boiling alcohol or benzene, sparingly soluble in 
cold, acetone, ether, or ligroin, and separates well in hard crusts of 
striated, pale lilac-brown prisms when ligroin is added to a boiling 
^solution in benzene. 

Crystals which had separated slowly from methyl alcohol were 
kindly examined by Dr. T. V. Barker, who found them to be mono¬ 
clinic with the highly characteristic habit shown in Fig. 1. The 
right-hand termination consists of plane faces, whilst the other 
gradually tapers to a point in a series of curved surfaces. The 
crystals are all of one kind, the mirror-image form being no doubt 
proper to the hitherto unsynthesised enantiomeride. The forms 
h(010), c(001), j(011) and, not infrequently, 
elements a :b : c ~ 0-7646 ; 1: 0*6864, $ =* 109° 6' 
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were computed from the following mean results of measurement 
of four crystals : 

6(010) a (100) c (001) g (011) j>(Ill) 

. .. Polar. 0° 0' *70° 04' 70° 54' *121° 7' 

Face, w » » o *57 2 so 29 (+ 5 > 


Optically the axial plane is 6(010) with medium axial angle and 
positive double refraction. 

The salts of methoxymethyldihydrostrychnidine are very readily 
soluble and a solution of a trace of the base in dilute sulphuric acid 
gives with a drop of dichromate or concentrated nitric acid an 
intense crimson coloration, the same coloration being also produced 
when a solution in dilute hydrochloric acid is warmed with ferric 
chloride. The solution in glacial acetic acid is not preoipitated by 
water and the base separates on the addition of ammonia as a 
voluminous mass resembling alumina. The hydriodide. When the 
base, dissolved in a slight excess of dilute sulphuric acid, is mixed 
with sodium iodide, a yellow to brown ooloration rapidly develops, 
due evidently to oxidation. A nearly pure speoimen of the hydr¬ 
iodide was obtained by adding a little sulphurous aoid to a solution 
of the base in dilute sulphuric aoid and then precipitating the salt with 
sodium iodide. The precipitate was rapidly collected and recrystall¬ 
ised from water containing sulphurous acid, separating as a colourless, 
granular powder. This was collected as rapidly as possible, washedL 
with very dilute sulphurous acid, transferred to porous porcelain, 
and left over sulphuric aoid in a desiccator evacuated to 1 mm. 
Even then, the substance becarc^slightly yellow, but the salt could 
now be dried at 100° without f urther discoloration (Found: C, 56-1; 


H, 6-2. CAOaNa.HI requires 0, 55-9; H, 6-3%). This hydr- 
iodide melts at 203° (deoomp.). 

In the course of a large number of preparations of methoxy- 
methyldihydrostrychnidine, it was always observed that only about 
70% of the weight of the crude substance separated during the first 
crystallisation from methyl alcohol, and still less separated if the 
boiling with the solvent was prolonged. When the dark purple 
mother-liquors from several preparations were evaporated to dryness 
and the residual gum was distilled under reduced pressure, a consider¬ 
able amount (36 g.) passed over at about 240—260°/2 mm.; from a 
solution of this in hot methyl alcohol, crystals (5 g.) of methoxy- 
methyldihydrostryohpidine (m. p. 126°) separated. The mother- 


liquor was again distilled and the fraction 240—260°/l mm. dissolved 
in boiling methyl alcohol; on rubbing and keeping for somedays,- 
nearly colourless prisms separated (6 g.) which malted at 202—SO?-* 
after crystallisation and proved to be mettyU^-stryshnidiM 
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G, 78*8; H, 7-7; N, 8-5. G 22 H 26 ON 2 requires C, 79-0; H, 7*8; 

N, 8-4%) (compare p. 1609). On redistilling the mother-liquor of 
this substance, successive quantities of methoxymethyldihydro- 
strychnidine (2 g.) and methyl-^-strychnidine (2-3 g.) were obtained 
and also a small quantity of a substance, m. p. 295° (decomp.), 
which is evidently oxymethoxymethyldihydrostrychnidine (Found: 
C, 72-0; H, 8*0; N, 7*3. requires C, 72-3; H, 7*8 ; 

N, 7*3%) (compare p. 1608). In connexion with the above observ¬ 
ations, it was found that methoxymethyldihydrostrychmdine may 
be distilled without loss of methyl alcohol or other decomposition, 
and passes over at 235—237°/l mm. as a colourless syrup, which may 
set to a resin or become a mass of crystals. The crystals melt, 
without recrystallisation, at 124—126°, contain C, 754; H, 8*2, 
and show no depression in m. p. after admixture with a specimen 
crystallised from methyl alcohol. 

The distillation of the crude product of the action of methyl- 
alcoholic potash on strychnidine methosulphate was then investigated, 
and it was found that this passes over almost without residue at 
about 240—250°/I mm. and crystallises at once. This procedure 
obviates the loss attendant on the crystallisation from methyl 
alcohol, since the distilled substance is pure enough for most purposes. 

Methoxymethyldihydrostrychnidine Methiodide, 

For reasons explained on p. 1607, this substance must be prepared 
in the absence of methyl alcohol. The base (10 g.) is heated under 
reflux with carefully purified methyl iodide (10 c.c.) and the clear 
solution in about an hour begins to deposit crystals. The mass 
(12 g.) is collected, washed with methyl iodide, and dried on the 
steam-bath; m. p. about 275—-278° (decomp.) (Found: C, 56*5; 

H, 6-5; I, 254. C 23 H 2a 0 2 N 2 ,MeI requires C, 56*7 ; H, 6*5; I, 
25*0%). This substance does not appear to undergo change when 
it is crystallised from methyl alcohol, since the large brown prisms 
which separate melt at 278° (decomp.). It is sparingly soluble in 
cold, but readily soluble in hot, water and separates on slow cooling 
in pink, well-developed, arrow-shaped prisms. 

• In view of the- fact that methoxymethyldihydrobrucidine com¬ 
bines with 2 mols. of methyl iodide at 140° (p. 1629), methoxymethyl- 
dihydrostrychnidine (5 g.), dissolved in carefully purified methyl 
iodide (15 c.c.), was heated in a sealed tube at 130° for 7 hours; 
the purple solution, on cooling, gradually deposited a crust of purple 
crystals which, after being washed with methyl iodide, had m. p. 

5 ,^6§r-27Q° (decamp.). and consisted of the monomethiodide (Found : 

57*0 H, 64%). When this substance was crystallised from 
the mother-liquor allowed to stand exposed to the air, 
gradually separated, which melted at 175° 
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(decomp.), became solid again, and then melted at about 240— 
.250° (decomp.). 

This substance appears to be the methiodide crystallising with 
1 mol. H 2 0 which is not lost at 100° (Found: C, 55-0; H, *6*3. 
C 23 H 3 0 O 2 N 2 ,MeI,H 2 O requires C, 54-7; H, 6*6%). The methyl iodide 
mother-liquors from the substance m. p. 265—270° (decomp.) gave, 
on concentration, a little more of the same substance and then a 
crystalline crust, m. p. 235°, containing a mere trace of iodine (Found: 
C, 71-6; H, 7*7%), and this substance is evidently identical with the 
oxymethoxymethyldihydrostrychnidine described on p. 1608. 

Methoxymethyldihydrostrychnidine Methohydroxide , 
C 23 H 30 O 2 N 2 ,MeOH.~~ 

When the methiodide just described is heated on the steam-bath 
with water and excess of silver chloride, and the filtrate from the 
silver salts is evaporated, a syrup remains (which was not analysed) 
which doubtless contains the methochloride. Boiling methyl- 
alcoholic potash (25%) decomposes this and, on the addition of 
water, a resin.separates. This is dissolved in boiling methyl alcohol, 
and the solution, after being concentrated and left in the ice-chest, 
deposits balls of colourless needles, m.p, 113°; on recrystallisation, 
the substance melts at 116—117° (Found : C, 72*4; H, 8*7; N, 6*8. 
C u K u O^ requires G, 72*4; H, 8*8; N, 7*0%). The same sub¬ 
stance is formed, but less readily, when the methiodide is digested 
with methyl-alcoholic potash. The $ methohydroxide is very readily 
soluble in benzene, rather less readily in boiling petroleum, and 
sparingly even in boiling water. The solution in sulphuric acid 
(60% by vol.) gives with dichromate an immediate intense crimson 
colour ; in dilute hydrochloric acid, ferric chloride produces an eosin 
coloration, becoming intense crimson on warming. The solution in 
dilute nitric ^cid (30%) ^ pink, becoming deeper on standing or 
warming and intense crimson and then green on boiling, and, on 
addition of ammonia, a yellow, crystalline base separates, When 
the methohydroxide is heated, it effervesces between 200° and 215°, 
yielding a brown syrup which sets to a resin on cooling and has not 
been examined. The methohydroxide dissolves readily in dilute 
hydrochloric acid and the solution gives, with sodium iodide, a gum, 
which soon crystallises and separates from methyl alcohol in glisten* 
ing prisms of the methiodide, m. p. 278° (decomp.) (Found; C, 56*8; 
H, 6 * 6 , Calc.: C, 56-7; H, 6 * 5 %)* 

Methoxymethyldihydrostrychnidine Dimethosulpkate* 
C 23 H3o0 2 N 2 ,2Me a S0 4 , 

the Dimethiodide and the Dimethochloride. —The methoxydihycfcb? 
base does not appear to combine with methyl 
mixed with it. Interaction is very slow even when a 
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base in. benzene is digested with, methyl sulphate; combination does, 
however, take place on long boiling, with formation of the dimetho- 
sulphate; in spite of careful search, it has not been found possible 
to isolate the mono-derivative. 

The dry base (10 g.), dissolved in specially dried benzene (200 c.c.), 
was mixed with methyl sulphate (16 c.c.) which had been distilled 
immediately before the experiment, and the whole was digested in a 
reflux apparatus, carefully protected from moisture; the original 
purple solution gradually became paler and, after about 2 hours, a 
resinous mass began to separate. The heating was continued for 
10 hours, the product allowed to remain over-night, and the benzene 
layer decanted from the pale lilac resin. The clear benzene solution, 
left in a corked flask, gradually deposited soft, circular nodules, and 
these were collected, rapidly washed with dry benzene, and dried 
over sulphuric acid in a vacuum desiccator. Analysis showed that 
this substance is the dimethosulphate (Found: C, 51*6; H, 6*7. 
requires C, 52*4; H, 6*8%). 

The Dimethiodide (A), C 23 H 30 O 2 If 2 ,2MeI.—A warm aqueous 
solution of the crude dimethosulphate gave with excess of boiling 
aqueous sodium iodide a clear solution, and on standing, warty masses 
gradually separated* After 2 days, the mass was collected, washed 
with a little water, drained on porous porcelain, and crystallised 
from methyl alcohol, from which the dimethiodide (A) separated in 
striated, glistening needles, which became opaque on the steam- 
bath ; m. p. about 297° (decomp.) (Found : C, 46*0; H, 5*5; 1,39*4. 
QagHaflOgNgla requires C, 46*2; H, 6*5; I, 39*3%). This substance 
is very readily soluble in boiling water and appreciably soluble in 
the cold and separates as a sandy powder consisting of round, warty 
masses. The aqueous solution gives no precipitate with ammonia. 
The yield of the dimethiodide (A) precipitated from the solution 
of the dimethosulphate by sodium iodide is only 50% of that 
required by theory and there can be little doubt that the aqueous 
mother-liquor contains the dimethiodide (B) corresponding with the 
dimethiodide (B) of methoxymethyltetrahydrostrychnidine (p. 1620). 
When solid potash was added to these well-cooled mother-liquors, a 
caseous precipitate separated in large quantity, and on crystallising 
this from methyl alcohol a small amount of the dimethiodide (A) 
was obtained as a crust of small prisms. The bulk of the substance 
remained in the methyl alcohol, but all attempts to isolate the 
isomeride (B) in a pure state were unsuccessful. This was due 
partly to the presence of traces of the dimethiodide (A), but mainly 
to the ready solubility of the isomeride (B) and the small tendency 

exhibited to crystallise in definite form. 
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The dimethochloride (A) is obtained when a hot aqueous solution 
of the dimethiodide (A) is heated on the steam-bath with excess of 
silver chloride for an hour; the filtrate from the silver salts gives, 
on evaporation, a solid mass which separates from a little water in 
large, well-developed, colourless prisms resembling sugar crystals. 
The air-dried substance loses 6-6% at 100°, and about the same 
amount when kept over phosphoric anhydride in a vacuum desiccator, 
the brilliant crystals becoming chalky (Calc, for C 2B H 3B 0 2 N 2 Cl a ,3H 2 0 
losing 2H a O: H 2 0, 6-9%. Found in the substance dried at 100°: 
C, 62-0; H, 7-6; Cl, 14-3. C 25 H 30 O 2 N 2 Cl 2 ,H 2 O requires C, 61-9; 
H, 7-8; Cl, 14-6%). The dry crystals give off steam at about 160° 
and melt at about 255—257° with evolution of gas and formation 
of methyl-i/f-strychmdine (p. 1609). 

A solution in dilute sulphuric acid gives merely a yeflow coloration 
with dichromate. The dimethochloride is very soluble in water 
or methyl alcohol, and methyl-alcoholic potash gives an immediate 
precipitate of potassium chloride; on boiling and addition of water, 
a viscid, curdy precipitate separates which gives an intense orim- 
son colour with dilute sulphuric acid and dichromate, crystallises 
from methyl alcohol in prisms, m. p. 125—126°, and proves to be 
methoxymethyldihydrostrychnidine, the yield being nearly a 
quantitative one. 

Oxymethoxymethyldihydrostrychnidines (A) and (B).—The iso- 
meride (A, m. p, 235°) is formed in small quantity when methoxy- 
methyldihydrostrychnidine is heated with methyl iodide (see p. 1605), 
but is produced much more readily and in larger quantity under the 
following conditions. The base (6 g.) dissolves in methyl alcohol 
(60 c.o.) and methyl iodide (8 c.c.) in the cold. When the solution 
is boiled under reflux for 3 hours and then kept for a week, glistening 
scales (3g.) separate; after boilingfor 3hours andbeingoonoentrated, 
the mother-liquor deposits a further small quantity. The crystals 
are washed with methyl alcohol containing a little ammonia to 
remove traces of iodine, and dried on the steam-bath (Found: 
C, 72*3; H, 7-9; N, 6-9; MeO, 8-6. C 23 H 30 O 3 N a containing lMeO 
requires0,72*3; H,7*8; N,7-3; MeO,8-1%). 

Oxymethoxymethyldihydrostrychinidine (A) melts at 235° and 
dissolves with some difficulty in cold dilute hydrochloric acid. It 
is readily soluble in glaoial acetic acid and is not reprecipitated by 
water. A solution in dilute sulphuric acid (60% by vol.) gives an 
intense crimson with dichromate or a drop of concentrated nitrie acid; 
a solution in dilute hydrochlorio acid gives no immediate coloration 
with ferric chloride, but, on warm 
Th« substanoe is apparently not 
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hydrochloric acid, since, *if ammonia is added immediately, a 
gelatinous precipitate separates which becomes chalky on warming 
and melts at 220—225°. The substance dissolves readily on boiling 
with alcohol, semicarbazide hydrochloride, and sodium acetate, 
and on addition of ammonia and warming, a crystalline precipitate 
separates, m. p. 275° (decomp.), containing N, 7-7%, and is evidently 
the isomeride (B) (see below). When the dark brown mother-liquor 
of the substance (A), m. p. 235°, was evaporated to a small bulk and 
mixed with dilute ammonia, a sticky precipitate separated which 
soon became crystalline. On wanning this with methyl alcohol, 
most of it dissolved, leaving a sparingly soluble, chalky substance 
consisting of the isomeride (B); this separated from much methyl 
alcohol as a rather indefinite, crystalline powder, m. p. about 275° 
(decomp.) (Found : C, 72-0; H, 7-7; N, 71. requires 

C, 72-3; H, 7*8; N, 7-3%). 

Conversion of Oxymethoxymethyldihydrostrychnidine (A) into (B).— 
This change takes place under the following conditions : (i) When 
the substance (A) was boiled with a little xylene, gradual change took 
place and a sandy, crystalline, very sparingly soluble powder was 
formed, which was washed with xylene; m, p. about 280—285° 
(decomp.) (Found: C, 73*0; H, 7*9; MeO, 7-8%). The xylene 
mother-liquor, after being concentrated, slowly developed a hard 
crust of oetahedra, m. p. 285° (decomp.); (ii) when the isomeride 
(A) was boiled with alcohol for about an hour, the concentrated 
solution gradually deposited well-defined oetahedra, m. p. 280° 
(decomp.), and the same result was obtained on boiling with acetone, 
the m. p. of the crystals being about 280° (decomp.). In the last 
case, analysis gave C, 72*3; H, 8-3; N, 7-3; MeO, 7*8%. 

Oxymethoxymethyldihydrostrychnidine (B) was also obtained when 
methoxymethyldihydrostrychnidine (2 g.) was boiled with nitric 
acid (5 c.c.), diluted with water (50 c.c.). The pale pink solution 
became brown, and if, after about 20 minutes, ammonia was added, 
a sticky precipitate separated which contained some unchanged 
base. On crystallising it from much alcohol and then from xylene- 
alcohol, colourless prisms were obtained, m. p. about 285° (decomp.) 
(Found: C, 72*3; H, 8*1%). n The isomeride (B) was also obtained 
when methoxymethyldihydrostrychnidine (1*5 g.) was boiled with 
acetic anhydride for 10 minutes, and the solution then kept for some 
days. The crystalline crust which separated consisted of some 
unchanged base mixed with the oxy-derivative (B), and there was 
no sign of the formation of an acetyl derivative; on boiling the 
mixture with alcohol, the unchanged base dissolved and the 
^^pkieride (B) remained in an almost pure condition. 
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M.ethyl-\p-strychnidine arid the Methylneostrychnidinkim Salts. 

Methyl-^-strychnidine is obtained (i) when the mother-liquors 
from the crystallisation of crude methoxymethyldihydrostrychnidine 
are distilled (p. 1603), (ii) when methyl/ieostrychnidinium chloride is 
heated (p. 1612), and (iii) by the action of heat on methoxymethyl- 
dihydrostrychnidine dimethochloride (A), during which this sub¬ 
stance loses 2 mols. of methyl chloride and methyl alcohol. The 
last decomposition is best carried out with small quantities of 
material, which must be very pure and quite free from inorganic 
matter ; otherwise much tar is produced, the yield of product is 
small, and the highly coloured mass very difficult to purify. When 
the dimethochloride (1 g.) is cautiously heated in a wide test-tube 
over a free flame, a gas is given off which has a very pungent, 
particularly unpleasant smell and burns with a smoky, green-edged 
flame, and a considerable crystalline sublimate forms on the sides of 
the tube. This melts at about 195° and is nearly pure methyl- 
i^-strychnidine. 


When the effervescence has ceased, the heating is discontinued; 
the liquid product should then be only slightly coloured and should 
crystallise completely. Several such tubes are broken up and their 
contents extracted with much boiling alcohol (in which the product 
is sparingly soluble), and the solution is digested with norite for an 
hour and concentrated to a small bulk; the new substance gradually 
separates in groups of striated, pale ochre needles which become 
almost colourless after recrystallisation (Pound : C, 79*0; H, 7*8; 
3Sr, 8*6. C 22 H 26 ON 2 requires 0, 79-0; H, 7*8; N, 8*4%). 

Methyl-ty-strychnidine melts at 203—204° and appears to distil 
under reduced pressure almost without decomposition. It is very 
sparingly soluble in cold acetone and not readily on boiling; the 
solution may be concentrated and left for a considerable time 
without crystallisation setting in, and then groups of needles gradually 
form. It dissolves very readily in benzene or petroleum and 
separates very gradually from these in needles. It does not appear 
to be affected by heating with concentrated sulphuric acid on the 
steam-bath for \ hour. 

The base is readily soluble in dilute acids. The solution in dilute 
sulphuric acid is coloured crimson by dichromate, and the same 
colour develops when the substance is dissolved in concentrated 
nitric acid. The solution in dilute hydrochloric acid gives, with 
ferric chloride, a pale pink colour which becomes deep crimson on 


warming. 

The hydriodide, was prepared by^ dissolvin|^lib \ 

base in a slight excess of warm dilute snlphtmie ^ 
warm sodium iodide; on rubbing, the cloudy liquid defw|te4^^v 
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hydriodide as a voluminous mass of colourless crystals; these were 
sparingly soluble in boiling water and the solution gradually de¬ 
posited crusts, which melted at 265—270° with effervescence, leaving 
a black mass (Found : C, 56-3; H, 5*9. C^H^OlSTgl requires C, 
57*1; H, 5-9%). 

This hydriodide is sparingly soluble in boiling alcohol and 
separates therefrom in stars of prismatic needles. The solution in 
hot water gives with potash an immediate precipitate of the base. 

The Methiodide , Mel.—‘When the base (2 g.) was 

mixed with methyl iodide (5 c.c.), combination took place in the 
cold with rise of temperature and formation of the methiodide. 
After warming for a few minutes and cooling in ice, the solid was 
collected and crystallised from methyl alcohol, from which the 
substance separated in almost colourless needles. These scarcely 
darken at 270° and melt at about 312° with effervescence to a dark 
brown syrup (Found: C, 57-5; H, 6-1. C 23 H 2? ON 2 I requires C, 
57-9; H, 6-1%). 

The methochloride, prepared in the usual manner by heating the 
methiodide with water and silver chloride, was obtained, when the 
solution was concentrated to a small bulk, in long, flat prisms and 
was very readily soluble. When it was heated in a test-tube, it 
gave off water and methyl chloride, and a considerable sublimate 
formed; the residue, on crystallising from methyl alcohol, gave 
methyl-i/r-strychnidine in almost colourless needles, m. p. 202— 
203°, 

In order to determine whether methyl-^-strychnidine could be 
reduced electrolytically, the base (2-5 g.), dissolved in dilute sulphuric 
acid (100 c.c. of 20%), was placed in the usual electrolytic cell 
(p. 1600) and a current of 4 amps, passed for 6 hours. The colourless 
solution was mixed with excess of ammonia, and the precipitate 
crystallised from methyl alcohol; colourless needles (2*2 g.) were 
then obtained which melted at 202° and at the same temperature 
in admixture with methyl-^-strychnidine. Identity was further 
established by analysis (Found: 0, 79*2; H, 7*6. Calc, for 
C 22 H 26 ON 2 : 0, 79*0 ; H, 7*8%). 

The Methylneostrychnidinium Sails .—The solution of the methyl- 
?^stryehnidinium sulphates (A) and (B) from which the other, 
salts were obtained was prepared as follows: Methoxymethyldi- 
hydrostirychnidine (p. 1602; 20 g.) was dissolved in dilute sulphuric 
acid (300 c.c; of 10% by vol.) and heated to boiling in a flask fitted 
with a long, ground-in condenser. In a short time, methyl alcohol 
could be detected at the open end of the tube, and when, after 

hours, all* of it had boiled away, a few drops of the liquid no, 
^H^ gave a precipitate or cloudiness, due to unchanged base, 
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on being basified. The pale brown solution was made just alkaline 
with ammonia, a little sulphurous acid was added, and then a 
boiling solution of sodium iodide (25 g.). The clear solution was 
rapidly filtered and vigorously stirred; mcthylmostrychnidinium 
iodide (A) then separated either as a heavy, crystalline preoipitate 
or sometimes as a gum which soon crystallised. On standing, a 
mass of crystals separated from the supernatant liquid. The solid 
was collected and dissolved in boiling water containing a little 
sulphurous acid and the solution was rapidly filtered; the iodide (A) 
then separated, on standing, in characteristic, long needles. After 
recrystallisation from water (3 g. dissolve in about 75 c.c.), the 
substance was dried on the steam-bath (Found : 0, 56-7; H, 6-0', I, 
26-9. C 22 H 27 ON 2 I requires C, 57-2; H, 5-9; I, 27-4%). 

This iodide (A) darkens at 295° and decomposes at about 300° 
to a black mass. It is very sparingly soluble in methyl alcohol. 
A piece of filter-paper soaked in the aqueous solution gradually 
becomes yellow and then orange on exposure to air. A hot aqueous 
solution of the iodide gives no precipitate with caustic potash 
(30%); even after heating for § hour on the steam-bath, the iodide 
separates unchanged on cooling. Although so sparingly soluble 
in water, it dissolves readily in cold dilute hydrochloric aoid and 
in large quantities on boiling; the solution deposits, on slowly 
cooling, stars of prismatic needles of a substance which decomposes 
at 305° and is not a hydrochloride, as was expeoted, but consists of 
the unchanged iodide (Found : C, 67-5; H, 6-0%). 

Methylneostrychnidinium Chloride (A).—The iodide (A) was 
ground to a paste with warm water and heated on the steam-bath 


with a large excess of silver chloride for 2 hours with frequent 
shaking. The colourless filtrate and washings from the silver 
salts were concentrated to a small bulk by distillation under reduced 
pressure, and the solution was plaoed over sulphurio aoid in a vacuum 
desiccator; the chloride then gradually separated in brilliant* 
colourless, prismatic needles. These, after being reorystallised from 
very little water and dried on porous porcelain in the air, appeared 
to contain 3H a O, since the loss on heating at 100° was 12-8% (Calc, 
for C 2S H 27 ON 2 Cl,3H 2 Cf: loss, 12*7%). When exposed over sulphurio 
acid in a Vacuum desiccator, the crystals became opaque and lost 
the whole of their water of crystallisation, since there was no further 
loss at 100° (Found: C, 71-5; H, 7*3. C^H^ONjjCl require! 
C, 71-3; H, 7*3%). The ohloride (A) melts at about 270° with 


vigorous effervescence (compare p. 1609) and is very readily soluble 
in water; the solution, which gives no preoipitate eithet 
ammonia or with caustio potash, is intensely bitter, Theseluifeaj 
in dilute sulphurio acid gives, with concentrated nitrio ; seid vs 
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dichromate, a yellow coloration which changes to crimson on 
warming; ferric chloride added to a solution in dilute hydrochloric 
acid gives a pale yellow colour, which changes to crimson on boiling. 

The crystals of the chloride (A) have been examined by Dr. T. V. 
Barker, who reports as follows : 

The crystals are orthorhombic (pseudo-tetragonal). The 
habit is shown in Fig. 2, the list of forms being c (001), r (010), 
and q (Oil). The elements a : b : c = 0*998 :1: 1*828 were calculated 
from the following mean results of measurement of three crystals. 

o (001). ?(0U). r (010). 

<b . Polar. 0° O' 90° 0' 

p ..... Pace. *61 18 *61 21 

Optically the crystals are biaxial; birefringence, negative; axial 
angle, large; dispersion, strong; po. 

The chloride (A) is very soluble in cold methyl alcohol. When 

the solution is mixed, with methyl- 
alcoholic potash (25%), an immediate 
precipitation of potassium chloride 
occurs; after heating in the water- 
bath for i hour so that much methyl 
alcohol boils away, the product gives 
with water a caseous mass which 
separates from methyl alcohol in 
prisms, m. p. 125°, and consists of 
methoxymethyldihydrostrychnidine. The chloride, in quantities 
of 0*5 g., is cautiously heated in a test-tube over a free flame until 
effervescence has ceased; the pale yellow, syrupy residue solidifies 
on cooling, and separates from methyl alcohol in needles, m. p. 202°, 
which analysis and a mixed m. p. determination prove to be methyl- 1 /'- 
strychnidine (p. 1592). This decomposition affords perhaps the most 
ready method of preparing this substance in a pure condition. 

Methylneostrychnidinium Iodide (B).—The mother-liquors con¬ 
taining sodium iodide from which the iodide (A) originally separated 
(p. 1611) were concentrated considerably by distillation under 
reduced pressure, allowed to stand for a couple of days to deposit 
traces of the iodide (A), and then mixed with aqueous potash (50%) 
so long as turbidity was produced. After 2 days, the pale salmon, 
crystalline mass was collected, ground, washed with a little water, 
and left on porous porcelain to dry. The cake was then dissolved 
in boiling acetone [in which in this condition it, hut not the iodide 
(A), is rather readily soluble], and the solution was rapidly filtered 
from the first small crop of crystals and then kept; a copious, 
J|lourless, sandy precipitate of the iodide (B) separated which was 
sparingly soluble in cold acetone; further crops were 
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obtained by concentrating the mother-liquor. The iodide (B) 
begins to darken at 260° and melts and decomposes at about 277° 
to a black froth (Found: C, 57-3; H, 6-1. C 22 H 27 ON 2 I requires 
C, 57-2; H, 5-9%). 

This iodide is moderately easily soluble in hot water and separates 
as a rather indefinite crust on standing; the aqueous solution gives 
no precipitate with ammonia or caustic potash. It dissolves very 
readily in warm dilute hydrochloric acid, but exhibits little tendency 
to crystallise from this solvent. 

Methylneostrychnidin ium Chloride (B).—This was obtained by 
adding excess of silver chloride to a hot aqueous solution of the 
iodide (B), heating the mixture on the steam-bath for an hour, and 
filtering it. The filtrate was concentrated to a small bulk by 
distillation from the steam-bath under reduced pressure and then 
left over sulphuric acid in a vacuum desiccator; the pasty mass 
of minute crystals which gradually formed was left in contact with 
porous porcelain. The whole residue was dissolved in a very small 
amount of water, allowed to crystallise again, and transferred to 
porous porcelain. The colourless residue, dried at 100°, melted at 
about 255° with effervescence (Found: C, 68-3; H, 7-8. 
C 22 H 27 0N 2 C1,H 2 0 requires C, 68-0; H. 7-5%). When this chloride 
is heated with methyl-alcoholic potash under the conditions described 
in the corresponding case of the chloride (B), a large yield of methoxy- 
methyldihydrostrychnidine, m. p. 125°, is obtained. 

In order to determine whether the product of the action of dilute 
sulphuric acid on methoxymethyldihydrostrychnidine was capable 
of electrolytic reduction, the solution prepared as explained on 
p. 1602 was placed in the usual apparatus (p. 1600), and a current 
of 5 amps, passed for 16 hours at 20°. The solution was then 
neutralised with ammonia, and a little sulphurous acid added, 
followed by a large excess of sodium iodide. The bulky precipitate 
which separated was recrystallised from water and found, by a 
comparison of properties and an analysis (Found : C, 57-6; H, 6*0. 
C 22 H 27 ON 2 I requires C, 67-2; H, 6-0%), to bo methylneostrychni- 
dinium iodide (A), showing that reduction had not taken place. 

Oxidation of Methyl-\p-strychnidine. Formation of a Diketone 
termed Strychnidone. —Methyl-^-strychnidine (6 g.), dissolved in 
warm acetone (400 c.c.), was cooled to 15°, and very finely powdered 
and sieved permanganate (6 g.) added in small quantities at a time 
with, constant shaking. When decolorisation was complete, the 
whole was heated on the steam-bath, the manganese precipitate * was : 

* When this manganese precipitate is extracted with hot water, a 
brown liquid is obtained containing a small quantity Of the potastfionir 
of an acid which has not been obtained crystalline. ■ 
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filtered off and well washed with acetone, and the combined acetone 
filtrate and extracts were evaporated on the steam-bath; the 
syrupy residue soon crystallised and did so immediately when 
stirred with methyl alcohol. The whole was dissolved in boiling 
methyl alcohol; from the solution, brilliant, almost colourless 
prisms separated, and further crops were obtained by concentrating 
the mother-liquor, the total yield being 5 g. After a second crystallis¬ 
ation from methyl alcohol, the substance was pure (Found; C, 
71-3; H, 6-8; 1ST, 8*0, requires C,71*6; H, 6*8; N, 

7-9%). Strychnidone melts at about 152°, is slightly soluble in 
boiling water, and very sparingly soluble in cold methyl alcohol. 

A solution in dilute sulphuric acid gives, with dichromate, a deep 
crimson colour; ferric chloride added to a solution in dilute hydro¬ 
chloric acid gives a pale pink colour which becomes crimson on 
boiling. The powdered crystals dissolve in concentrated nitric 
acid to a most intense crimson solution, and the colour is not dis¬ 
charged on dilution. The diketone is remarkably resistant to 
oxidation, the solution even in boiling acetone decolorising per¬ 
manganate very slowly. 

The Disemicarbazone .—The diketo-derivative (2 g.), dissolved 
in hot dilute acetic acid, was mixed with a concentrated aqueous 
solution of semicarbazide hydrochloride (5 g.) and sodium acetate 
(4 g.) and heated on the steam-bath with gradual addition of 
potassium carbonate so as nearly to neutralise the acetic acid. 
After 2 hours, the whole was cooled, filtered from a little gum, and 
made strongly alkaline with ammonia; a chalky precipitate then 
separated which was well washed, dried on porous porcelain, and 
then on the steam-bath (Found: C, 58*1; H, 6*7; N, 244. 
C 23 H 30 O s ]Sr 8 requires C, 59*1; H, 64; N, 24-0%). A further crop 
of this disemicarbazone (Found: N, 24*2%) slowly separated from 
the aqueous mother-liquor as a definitely crystalline crust, m. p. 
about 252° (efferv.). 

The Oxime .—The diketo-derivative (2 g.) was dissolved in boiling 
methyl alcohol, a concentrated aqueous solution of hydroxylamine 
hydrochloride (4 g.) and sodium acetate (5 g.) added, and the whole 
heated to boiling; the dear solution then gradually became cloudy. 
After 3 hours, the product was cooled and mixed with water, 
ammonia was added until the liquid was alkaline, and the precipitate, 
which was at first syrupy hut soon hardened, was ground with water 
to a paste, washed, and dried over sulphuric acid in a vacuum 
desiccator (Found: N, 11*1. .G^H^OgN^ requires N, 114%). 
The oxime was very soluble in methyl alcohol; the solution, after 
addition of much ether, was washed with water, dried over potassium 
^^bonate, and concentrated; the oxime then separated in fluffy 
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masses which had no definite melting point, shrinking at about 150° 
and effervescing at 170—175° (Found: N, 11*2%). Experiments 
made with the object of bringing about a Beckmann transformation 
by means of acetic anhydride or acetyl chloride led to no useful 
result. 

An isomeride of strychnidone was obtained when this substance 
(6*5 g.) 3 dissolved in the minimum quantity of boiling methyl 
alcohol, was mixed with methyl-alcoholic potash (25 c.c, of 25%). 
On heating on the steam-bath, the liquid clouded and a crystalline, 
chalky precipitate separated. This was collected, washed well with 
methyl alcohol, and crystallised from much boiling methyl alcohol, 
from which the substance separated as a colourless, crystalline 
powder (Found: C, 71*3; H, 7*0; N, 7*7. C 21 H 24 0 3 No requires 
0, 71*6; H, 6-8; N, 7*9%). 

sILo-Sirychnidone shrinks at 245°, gradually becomes brown, and 
froths at about 260—265°. It dissolves with difficulty in dilute 
acids and shows the same colour reactions as the original diketo- 
derivative. It is moderately easily soluble in boiling acetone or 
xylene and is very stable to permanganate. The same substance 
appeared to be produced when the original diketo-derivative was 
left in contact with concentrated sulphuric acid for 2 hours and the 
brownish-yellow solution, after dilution, was precipitated by 
ammonia. The decomposing point after recrystallisation was about 
265° (Found : C, 71*2; H, 6*9; N, 7-8%). When the methyl- 
alcoholic solution of the base was boiled with semicarbazide hydro¬ 
chloride or with hydroxylamine hydrochloride and sodium acetate, 
under exactly the conditions described above in the oase of the 
isomeride, m. p. 152°, the solution in both cases deposited, on 
cooling, a mass of crystals of the aWo-derivative which was identified 
by the decomposing point, 260°, and by analysis. 

Methoxymethylstrychnidonic Add .—The’ best conditions for the 
formation of this substance seem to be the following. Finely 
powdered methoxymethyldihydrostrychnidine (6 g.), suspended in 
warm methyl alcohol (50 c.c,), is mixed with methyl-alcoholic 
potash (10 c.c. of 25%), and perhydrol (20 c.c.) is added all at once. 
The temperature is kept carefully at 43—44°; a slow effervescence 
then takes place and a slimy substance separates at first but gradiially 
disappears. After about an hour the effervescence will have ceased* 
The pale yellow product is left over-night, then mixed with » 
equal volume of water, and the methyl aloohol removed by distill¬ 
ation under reduced pressure. The filtrate from a am o unt 
of flocculent matter is extracted several times with ether, then wWi 
chloroform to remove a gum, which so far has not been investlgi^fe 
and is again distilled in order to free it from ether 
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On being acidified with dilute sulphuric acid, the liquid clouds and 
crude methoxymethylstrychnidonic acid separates as a brown resin. 
A specimen of the amino-acid in a nearly pure condition was obtained 
by extracting the crude product with much ether, drying the extract 
over calcium chloride, distilling off most of the ether, and allowing 
most of the remainder to evaporate oyer sulphuric acid; the amino- 
acid then separated as a crust which was not definitely crystalline 
(Found; C, 64-8; 3ST, 7*5; N, 7*2, C 21 H 28 0 6 N 2 requires C, 65*0; 
H, 7-2; N, 7*2%).. 

Anhydromethoxymethylstrychnidonic Add, —When thecrude amino- 
acid obtained on acidifying the product of the action of perhydrol 
on methoxymethyldihydrostrychnidine (see above) is warmed with 
water, almost all dissolves, and on allowing the solution to evaporate 
at 70—80° it darkens considerably and deposits at first colourless 
nodules of the anhydro-amino-acid and then a dark tar containing 
some crystalline matter. The latter is dissolved in a little boiling 
methyl alcohol and after some days the sparingly soluble anhydro- 
acid separates as a crust. This is collected and washed with methyl 
alcohol, the nearly colourless residue mixed with the nodules, and 
the whole repeatedly crystallised from methvl alcohol (Found: 
C, 67*6; H, 7*0; N, 7*4; MeO, 8*1. C 21 H^0 4 N 2 requires 0, 68*1; 
H, 7*0; hT, 7*6; MeO, 8*0%). This anhydro-acid melts at 222° 
and is sparingly soluble even in boiling methyl alcohol, from which 
it separates in stars of flat, prismatic needles; on heating in a test- 
tube, it chars, liberating the odour of indole. It is insoluble in 
water or cold dilute acids or in dilute caustic soda solution, but 
dissolves gradually in the last on boiling. The solution in dilute 
sulphuric acid (60%) gives with dichromate an intense crimson 
colour, and the solution in warm dilute hydrochloric acid gives 
with feme chloride the same coloration. When the anhydro- 
acid is heated in a sealed tube with methyl iodide and methyl 
alcohol for a few minutes, a pale yellow solution is obtained which 
deposits the unchanged anhydro-acid on evaporation. 

Ethoxymethyldihydrostrychnidine .—This substance is obtained 
when powdered strychnidine methosulphate (3 g.) is heated with a 
saturated solution (25 c.c.) of caustic potash in ethyl alcohol on the 
steam-bath. The methosulphate gradually dissolves and a cloudy 
liquid containing drops of oil forms. After 10 minutes, the whole is 
cooled, water and ice are added, and the chalky precipitate is 
collected, Washed with ice-water, and left on porous porcelain. 
The substance is very soluble in alcohol; from the solution, after 
being concentrated and left in the ice-chest, a paste of needles 
^ separates which* in contact with porous porcelain, becomes quite 
but has the tendency, characteristic also of methoxy- 
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methyldihydrostrychnidine (compare p, 1602), to become purple on 
exposure to the air. After being dried at 80°, the substance melts at 
about 98° (Found : C, 75*9; H, 8*4; N, 7*3, C 24 H 32 0 2 N 2 requires 
C, 75*8; H, 8*4; N, 7*3%). J Mioxymethyldihydrostrych is 

much more readily soluble in solvents than the corresponding 
methoxy-derivative and exhibits much less tendency to separate 
in well-defined crystals. It is very soluble in light petroleum and 
separates from the concentrated solution, on slow evaporation, in 
hard, lilac-brown prisms. 

M ethoxy m ethyltetrahydrostrychnidine. 

The corresponding dihydro-derivative (p. 1602) (10 g.), as obtained 
directly by the addition of water to the product of the action of 
methyl-alcoholic potash on strychnidine methosulphate, is dis¬ 
solved in dilute sulphuric acid (150 c.c. of 20%) and reduced, in the 
apparatus described on p. 1600, by a current of 5 amps, for 15 horns. 
The product is diluted and mixed with excess of concentrated 
caustic potash solution, and the solid is collected, dried on porous 
porcelain, and warmed with a little alcohol to remove traces of gum. 
The substance is then twice crystallised from xylene, from which 
it separates very characteristically in well-developed, glistening, 
short prisms (Found: C, 75*1; H, 8*6; N, 7*5; MeO, 8*1. 

requires C, 75*0; H, 8*7; N, 7*6; MeO, 8*3%). 

. Methoxymethyltetmhydrostrychnidine melts at 220° and distils at 
about 230—235°/l mm. without any decomposition, since the 
colourless, crystalline distillate melts at 220—222° either alone or 
mixed with a specimen of the original substance. It is very sparingly 
soluble in boiling alcohol, and moderately easily soluble in boiling 
benzene, from which it crystallises well in plates. It dissolves 
readily in dilute acids. The solution in dilute sulphuric acid gives 
with dichromate a pink coloration whioh rapidly changes to reddish* 
purple. Acetic anhydride appears to be without action, since, after 
boiling with the anhydride and a drop of sulphuric acid for several 
minutes, the base was recovered unchanged on addition of ammonia 
after the acetic anhydride had been decomposed with water. 

The hydriodide was prepared by dissolving the base in a slight 
excess of dilute hydrochloric acid, adding a few drops of sulphuric 
acid, heating the solution to boiling, and mixing it with a large 
excess of aqueous sodium iodide; from the milky solution thus 
produced, a gift separated which soon crystallised. The mass 
was well washed and dissolved in boiling water, and the solution i 
rubbed with a glass rod; a meal of glistening prisms then sepap»|^ ' 
m. p. 235° (decomp.) (compare p. 1623) (Found : C, 56*0; % 

C^H^OgN^HI requires C, 55*7 ; H, 6*7%). This hy^riodi# jf ;j$ 
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vary sparingly soluble in boiling methyl alcohol and separates well, 
on cooling, in small, colourless needles. Its conversion into methyl- 
^eodihydrostrychnidiniuru iodide by the action of heat is described 
on p. 1623. 

The Methiodide (a), C 23 H 32 0 2 N 2 ,MeI.—The base, m. p. 220°, 
does not combine readily with methyl iodide and may indeed be 
recrystallised from methyl iodide without change. In an experi¬ 
ment in which the base was boiled with methyl alcohol and a large 
excess of methyl iodide for 12 hours, the clear solution, on being 
concentrated, deposited a large amount of the unchanged base. 
When, however, the powdered base (2*5 g.) was heated with methyl 
iodide (8 c.o.) in a sealed tube in the steam-bath for 5 hours, com¬ 
plete solution gradually took place and, on cooling, a mass of 
crystals separated, or in some experiments a syrup formed on the 
surface of the methyl iodide which became crystalline on being 
rubbed with methyl alcohol. In either case, the crystals were 
collected, washed with methyl iodide, and recrystallised from a little 
boiling alcohol, from which the methiodide separated, on slowly 
cooling,' as a glistening crust of arrow-shaped prisms (Found: C, 
56*0; H, 7*0; I, 24*5. C 24 H 35 0 2 N 2 I requires C, 56*4; H, 6*9; I, 
24*9%). This methiodide melts at about 227° with vigorous 
effervescence. In order to determine the nature of this decom¬ 
position, about a gram of the substance was heated in a test-tube 
at 250°; methyl iodide then condensed on the cold part of the 
tube. After effervescence had ceased, the nearly colourless gum 
was dissolved in much boiling methyl alcohol, and the solution 
concentrated; on cooling, methoxymethyltetrahydrostrychnidine 
separated in prisms, m. p. 220°. The methiodide is decomposed 
with great difficulty by methyl-alcoholic potash, since, after boiling 
for several minutes, most of the unchanged methiodide is recovered 
on the addition of water. The methyl iodide washings of the crude 
methiodide gave a syrup on evaporation; a solution of this in boiling 
methyl alcohol, on standing exposed to air, deposited thick prisms 
of methoxymethyltetrahydrostrychnidine, showing again the small 
tendency this base has to combine with methyl iodide. 

The Methochloride (to).—This was prepared by warming the 
methiodide with water and excess of silver chloride on the steam- 
bath for 2 hours and then evaporating the filtrate from the silver 
salts; the methochloride separated as a waxy, crystalline mass, 
which was not analysed. When this substance t#s heated on the 
steam-bath with excess of methyl-alcoholic potash (20%), decom¬ 
position took place i m mediately with separation of potassium 
^doride, and, as the product was completely soluble in water, it 
"U probable that the methohydroxide was present at this stage. 
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If, instead of diluting the mixture with water, the whole is heated 
at 140° until nearly all the methyl alcohol has evaporated, a 
crystalline precipitate of methoxymethyltetrahydrostrychnidine is 
obtained on the addition of water. 


The Dimethosul'phates , C 23 H 52 0 2 N 2 ,2Me 2 S0 4 (A) and (B).— 
Methoxymethyltetrahydrostrychnidine does not combine readily 
with methyl sulphate, as is shown by the fact that, if methyl 
sulphate is added to a boiling concentrated solution of the base 
in benzene, the unchanged substance crystallises on cooling. Com¬ 
bination takes place readily, however, under the following conditions 
and with the formation of the dimethosulphates. The base (8 g.), 
dissolved in specially purified and dried benzene (100 c.c.), is 
mixed with carefully purified methyl sulphate (20 c.c.) and boiled 
under reflux with exclusion of moisture; in about 2 hours, the 
liquid begins to cloud and a gelatinous mass to separate. The 
boiling is continued for 20 hours, and the hot benzene then decanted 
from the gummy mass. After several days, the benzene solution 
deposits a soft, crystalline crust, which is washed with benzene 
and dried over sulphuric acid in a vacuum desiocator (Found: C, 
51*8; H, 6*9. C 23 H 32 0 2 lSr 2 ,2Me 2 S0 4 requires C, 52-2; H, 7-1%). 
That this substance is the dimethosulphate (A) was confirmed by the 
fact that the solution in boiling methyl alcohol gave, on the addition 
of sodium iodide and cooling, the dimethiodide (A), m. p. 315—320° 
(decomp.). In preparing this substance in quantity, the homy mass 
of dimethosulphate from which the benzene had been decanted was 
dissolved in warm water, and the-solution was filtered from benzene 
and mixed with a considerable excess of hot concentrated sodium 
iodide; the clear solution, on rubbing, immediately began to deposit 
the dimethiodide (A) in flat prisms. After some hours, the crystalline 
mass was collected, well washed, and dried on porous porcelain and 
then on the steam-bath (Found : C, 45-8; H, 5’*6. 0 23 H 32 0 2 N 2 ,2MeI 
requires C, 46*0; H, 5*8%). This dimethiodide (A) does not dis¬ 
colour until 300° and melts and effervesces at about 315° to a reddish* 
brown froth. It dissolves readily in boiling water and separates 
on cooling in needles; in boiling methyl alcohol it is very sparingly 
‘soluble, but it dissolves in much boiling ethyl alcohol and separatee 
on slow cooling in striated, quadrilateral plates* 

The Dimethochloride (A),—A boiling aqueous solution of the 
dimethiodide (A) was readily decomposed by silver chlorideand, dm 
evaporating the filtrate from the silver salts to a small bulk and 


leaving it over sulphuric acid, a gummy mass was obtained 
gradually crystallised but was not analysed* The solution 
sulphuric acid gives with diohromate a pink 
becomes crimson on warming* The conversion of 
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chloride (A) into methyl-^-dihydrostrychnidine, C 22 H 28 ON 2 , by the 
action of heat is described on p. 1621. 

Methoxymethyltetrahydrostrychnidine Dimethiodide (B), 
C 23 H 32 0 2 N 2 ,2MeI.—When the solution of the dimethosulphate, 
prepared as described on p. 1619, was treated with sodium iodide, 
less than half the calculated amount of the dimethiodide (A) 
separated, and very little more was obtained on standing or con¬ 
centration. On investigating the cause of this, it was found that 
the addition of caustic potash solution (50%) to the mother-liquor 
of (A) produced a heavy caseous precipitate. After alkali had been 
added until there was no further separation, the whole was warmed 
at 50°; the precipitate then melted and settled on the bottom of 
the beaker as a viscid gum. The ‘ supernatant alkaline solution 
was decanted, the syrup dissolved in boiling methyl alcohol, and 
the solution filtered and concentrated; on standing, a thick mass of 
colourless prisms gradually separated, and more was obtained by 
concentrating the mother-liquor. This dimethiodide (B) is very 
readily soluble in boiling methyl alcohol, but sparingly soluble in 
the cold, and separates in thick, four-sided, twin prisms which 
effervesce at about 165° owing to the escape of methyl iodide (see 
below) (Found: C, 46*7; H, 5*9. C 25 H 38 02]Sr 2 I 2 requires C, 46*0; 
H, 5*8%). The final methyl-alcoholic mother-liquors, from which 
no more of the dimethiodide (B) could be separated, on being 
concentrated and kept for months in the air, yielded a semi-solid 
paste; this, in contact with porous porcelain, gradually left a white, 
crystalline mass, a solution of which in methyl alcohol, when allowed 
to concentrate in the air, gradually deposited large, glistening prisms, 
m. p. 225° (vig. efferv.) (Found : C, 56*2; H, 7*0. CAO^^Mel 
requires C, 56*4; H, 6*8%). Since this substance decomposed on 
heating into methyl iodide and methoxymethyltetrahydrostrych- 
nidine, it is evident that it was the methiodide of this substance 
described on p. 1618, and its formation shows that the crude dimetho¬ 
sulphate prepared in benzene solution with a large excess of methyl 
sulphate contains Borne monomethosulphate in spite of the fact that 
a very large excess of, methyl sulphate was used and the heating 
continued for 20 hours (p. 1619). 

MetThoxymdhyUetrahydrosirychnidine Methiodide (6).—When the 
dimethiodide (B) just described is heated in a test-tube in a bath at 
about 220°, methyl iodide is eliminated and condenses on the cold 
sides of the tube. In a quantitative experiment, 0*2440 g., heated 
at 165°, rising to 230° until decomposition was complete, lost 
0*1047 g. or 42*8%, whereas C^B^OglS^Mel losing 2MeI requires 
a loss of 43*5%. On crystallising the residue from alcohol, colourless 
leaflets separated which melted at 220° and consisted of methoxy- 
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methyltetrahydrostrychiiidine (Found : C, 74-9; H, 8*6. Calc, for 
C 23 H 32 0 2 N 2 : C, 75*0; H, 8-7%), The elimination of only 1 mol. 
of methyl iodide was accomplished under the following conditions. 
The dimethiodide (B) was gently boiled in a test-tube with carefully 
dried mesitylene; it then became spongy and granular but did not 
dissolve. The crystalline deposit was collected, washed with warm 
mesitylene, and crystallised from a large volume of methyl alcohol, 
in which it was very sparingly soluble and from which it separated as 
a sandy, crystalline powder (Found : C, 55-8; H, 6*7, C 23 H 32 0 2 N 2 ,MeI 
requires C, 56*4; H, 6*9%). This methiodide (6) becomes brown 
at 300—320°, decomposes with effervescence at about 325° into 
methyl iodide and methoxymethyltetrahydrostrychnidine, and is 
readily soluble in boiling water. It is therefore isomeric with the 
methiodide (a) described on p. 1618, which melts at 227°, and it is 
interesting that both these isomerides lose methyl iodide on heating 
and yield methoxymethyltetrahydrostrychnidine. 

Methoxymedhyltetmhydrostrychnidine Dimethochloride. (B),—The 
pure dimethiodide (B), m. p. 165°, was treated with water and silver 
chloride on the steam-bath in the usual way; the filtrate from the 
silver salts was evaporated to a small bulk on the steam-bath and 
then left over sulphuric acid in a vacuum desiccator, but there was 
no sign of crystallisation and the whole dried to a homy mass. 
This became brittle on the steam-bath and could be powdered, but 
the powder rapidly absorbed moisture and became sticky. When 
the dry substance was heated in a test-tube in a sulphuric acid bath, 
methyl chloride was eliminated; the effervescence being over, the 
residue was crystallised from xylene, colourless prisms being thus 
obtained which melted at 220—222° and consisted of methoxy- 
methyltetrahydrostrychnidine [compare the action of heat on the 
dimethochloride (A),; see below]. 

Methyl-^dikyikostrychnidine, C 22 H 28 ON 2 .—This substance is 
obtained from the dimethochloride (A) of methoxymethyltetra- 
hydrostrychnidine (p. 1619) or from methyl^eodihydrostrychnidimum 
chloride (p. 1623) by heating. The dimethochloride (A), in quantities 
of not more than 0*5 g., is cautiously heated in test-tubes over a free 
flame; it soon gives off steam and doubtless also methyl alcohol and 
then froths at a very high temperature, giving a very unpleasant 
smelling vapour, which burns with a smoky flame tinged with 
green, and a small amount of a colourless, crystalline sublimate 
forms on the sides of the tube. When the effervescence has ceased* 
the ochre-coloured residue, which crystallises on cooling, is dissolve*! 
in much boiling methyl alcohol; the solution, on being ooncentra^|i f c 
considerably and left in the ice-chest, 'deposits, the -new 
colourless spangles, but the yield is poor even after 
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liquors have been worked up (Found: C, 78-1; H, 8*0; N, 8*5. 
C 2 2 H 28 (XNr 2 requires C, 78*6; H, 8*3; N, 8*3%). 

Methyl-i//-dihydrostrycliiiidine melts at 212° and is somewhat 
soluble in boiling water to a bitter solution which, on cooling, 
deposits the substance in flitters. It is sparingly soluble in cold 
methyl alcohol and very sparingly soluble in acetone even on 
boiling; it separates from the solution, on concentration, in glisten¬ 
ing, colourless plates. It is also sparingly soluble in benzene or light 
petroleum. The solution in acetone does not decolorise perman¬ 
ganate except on the addition of a little water and then only on 
long standing. The resistance to oxidation was shown in an 
experiment in which the base (1 g.), dissolved in much boiling 
acetone and water (3 c.c.), was boiled under reflux, and permanganate 
(1*5 g.) gradually added. After some hours, decoloration was 
complete and the acetone filtrate from the manganese precipitate 
yielded, on being concentrated, 0*7 g. of unchanged substance. 
A solution of the base in dilute sulphuric acid gives with dichromate 
a yellow solution which becomes crimson on warming; a solution in 
dilute hydrochloric acid is coloured yellowish-pink by ferric chloride, 
the colour changing to crimson on warming. The base dissolves 
with effervescence in concentrated nitric acid to a reddish-brown 
solution. 

The Methiodide , C 22 H 28 ON 2 ,MeI.—When the base, m. p. 212°, 
was mixed with methyl iodide, there was some rise of temperature. 
The chalky precipitate produced after the mixture had been 
heated in a sealed tube for 15 minutes was crystallised from methyl 
alcohol, in which it was very sparingly soluble and from 
which it separated in glistening groups of slender needles (Found : 
C, 57*6; H, 6*3. G 23 H 31 ON 2 I requires C, 57*7; H, 6*4%). This 
methiodide is very sparingly soluble in boiling water. It becomes 
brown at 290° and decomposes with effervescence at about 330— 
335° to a brown syrup, which crystallises on cooling; this decom¬ 
position product was not further investigated. 

The methochioride , prepared in the usual manner by boiling the 
methiodide with water and silver chloride, separated from the 
concentrated aqueous solution, on standing over sulphuric acid, in 
colourless, very readily soluble needles and was not analysed. It 
darkens at 260° and effervesces at about 315° to a black syrup. 
The solution in dilute sulphuric acid gives with permanganate a 
pink coloration which becomes an intense crimson on standing or 
warming. 

The Methylneodihydrostrychnidinium Salts. 


Methoxymethyltetrahydrostrychnidine, unlike the corresponding 
i^h6-derivative‘(p. 1610), is not acted on by boiling dilute sulphuric 
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acid: the tetrahydro-base (5 g.) was boiled with sulphuric acid 
(20% by vol.) for 3 hours, but there was no sign of any elimination of 
methyl alcohol and on addition of ammonia a caseous precipitate 
separated which was found to be the unchanged base, practically 
the whole being recovered. The only way in which the methylweo- 
dihydrostrychnidinium salts could be prepared was from methoxy- 
methyltetrahydrostrychnidine hydriodide (p. 1617) by the action of 
heat. The air-dried substance, in quantities of 0*5 g., was spread 
evenly over the lower surface of large test-tubes and these were 
heated by a sulphuric acid bath gradually to 230° and kept at this 
temperature for about 3 minutes; the vapours which came off 
during the decomposition were apparently water and methyl 
alcohol. After effervescence had ceased, the residual syrup crystall¬ 
ised, on cooling, as a hard, pale brown crust. This was very spar¬ 
ingly soluble in boiling water, but dissolved very readily in warm 
dilute hydrochloric acid (compare p. 1611). The solution, after 
being decolorised with norite, was mixed with excess of ammonia, 
left for 24 hours, filtered from a small, fluffy, brown precipitate, 
and concentrated on the steam-bath to a small bulk. The solution 
of ammonium chloride was decanted from the sparingly soluble, 
brown crusts which had separated, and the crusts were dissolved 
in much boiling water, On concentrating the solution considerably, 
the iodide separated in well-developed, pale brown prisms (Found : 
0, 57*2; H, 6*4. C^H^OlIgl requires C, 56*9; H, 6*3%). 

Methylnmdihydrostrychnidinium iodide melts at about 350° with 
effervescence and is sparingly soluble in alcohol, xylene, or glacial 
acetic acid. This iodide was rubbed into a paste with hot water 
and heated on the steam-bath for 2 hours with excess of silver 


•chloride. The filtrate from the silver salts was evaporated to a 
small bulk and the solution placed over sulphuric acid in a vacuum 
desiccator j a paste of crystals then formed, In contact with porous 
porcelain, the mother-liquor was readily absorbed, leaving a hard, 
colourless mass of methylneodihydrostrychnidinium chloride (Found m 
material dried at 100°: C, 70-7; H, 8*1. C^^ON^Cl requires 
C, 70*8; H, 7*9%). This chloride is very readily soluble in water. 
The solution in dilute sulphuric aoid gives with dichromate m 
intense crimson coloration in the cold. The dry substance changes 
colour at 300° and decomposes at about 345° with effervescence, 
leaving a brown syrup. In investigating this change, the dry 
substance (0*5 g.) was very cautiously heated in a large test-tube 


by a free flame until effervescence had ceased; during thiudp^p^d 
position a very pungent and unpleasant smelling vapour yrmgjiwm 
off which tinged a flame green. The brown syrup solidified,. ife 
-•cooling, .to a very' hard crust. A solution of thisin mpd. I 
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methyl alcohol was decolorised by boiling with norite for an hour 
and then concentrated; a mass of colourless plates then gradually 
separated which melted at 210—212° and consisted of methyl-^- 
dihydrostrychnidine, as a comparison of properties and a mixed 
melting point demonstrated. This is probably the most convenient 
method of preparing this base, but the yield in this case also is not 
good. 

Methylstrychnine —This substance may be quickly and con¬ 
veniently prepared in good yield by the following process. Strych¬ 
nine (100 g.) } finely powdered and passed through a 40-mesh sieve, 
is stirred in a mortar with the gradual addition of pure methyl 
sulphate (68 c.c.); the whole soon sets to a solid mass of strychnine 
methosulphate. This is broken up, left over-night, and dissolved 
in warm water (300 c.c.), the solution is filtered from unchanged 
methyl sulphate (about 2 c.c.), and then caustic potash (170 c.c. of 
50%) added with shaking. Crystallisation soon sets in and after 
remaining over-night the crystals are collected and dissolved in 
boiling water (260 c.c.), and the solution is filtered from unchanged 
strychnine (about 2 g.) and allowed to cool; the stout, colourless 
prisms of methylstrychnine, C 22 H 24 0 2 N2,4H 2 0, that separate are 
collected and dried on the steam-bath. The colourless powder 
(93 g.) melts and decomposes at about 318—320°. The aqueous 
mother-liquors are used for the recrystallisation of another batch 
of crude methylstrychnine. 

NormethyUtrychnine. —When methylstrychnine, powdered and 
dried on the steam-bath, is heated in a distilling flask under 1 mm. 
by a metal bath kept at 200—205°, it gradually melts, there is 
much effervescence and some sublimation, and the loss is about 
15%. The heating is continued for about £ hour, and the residual 
resin is then dissolved in a slight excess of dilute hydrochloric acid, 
ammonia is added until there is a slight precipitation, and the 
filtered solution is mixed with excess of ammonia and warmed at 60° 
on the steam-bath. The pale brown, granular precipitate is collected 
and dissolved in excess of warm oxalic acid; after 2 days, a small 
amount of a dark crust separates. The filtrate from this is vigor¬ 
ously shaken while dilute ammonia is carefully added so long as a 
darkrcoloured precipitate forms, After being filtered, the solution 
is shaken with norite and filtered, and excess of ammonia is added 
to the pale yellow filtrate. A voluminous, pale ochre precipitate 
separates which becomes granular on warming at 50°, and this is 
* collected, washed, and dried over sulphuric acid in a vacuum 
desiccator (Found in two different preparations : C, 75*7 and 75*2; 
H, 6*8 and 6-7; N, 8*2. C n E n O^ requires C, 754; H, 6*6; 
llpl* 84%). This base, which is isomeric with strychnine, has so far 
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not been obtained in a crystalline condition. A solution in dilute 
sulphuric acid (60% by vol.) gives with dichromate an intense 
bluish-purple colour, fading to a port wine tint; a solution in dilute 
hydrochloric acid gives with ferric chloride no coloration in the 
cold and there is little change on warming. 

The Methiodidc .—The base was heated in a sealed tube in the 
steam-bath with a large excess of methyl iodide for 5 hours. Next 
day, the crust of prisms which had separated on the sides of the 
tube was scraped off, washed with methyl iodide, and dried on the 
steam-bath. The old-gold, crystalline mass became opaque at 
180°, darkened at 290°, and frothed at about 815° (Found: C, 
54-9; H, 5-5. C 21 H 22 0 2 N 2 ,Mel requires 0, 55-4; H, 5-3%). This 
methiodide of normethylstrychnine was digested with water and 
silver chloride on the steam-bath, and the pale green filtrate con¬ 
centrated to a small built; a soft, satiny mass separated on standing. 
This became colourless on porous porcelain and melted at about 
285° (Found: 0,68-9; H,6-6; N, 7-2. C 21 H 22 0 2 N 2 ,Med requires 
C, 68-7; H, 6-5; N, 7-3%). A solution of this methochloride in 
dilute sulphuric acid (60% by vol.) gives with dichromate an intense 
indigo-blue colour, fading to brown. Methylstrychnine (10 g.) 
mixed with phenol (15 g.) was heated at 240° for an hour; the 
distillate, on treatment with dilute potash, yielded anisole (1-2 g.), 
which was recognised by its boiling point and other properties. 

Action of Caustic Potash on Methylstrychnine .—Methylstrychnine 
(10 g.), mixed with methyl-alcoholic potash (60 c.c. of 20%), was 
heated on the steam-bath for 15 minutes with stirring, powdered 
potash (30 g.) was then added, and the decomposition continued 
at 150—200° for 20 minutes with frequent stirring; the temperature 
was then raised to 260° for 30 minutes. The product from five such 
operations was steam-distilled, the oil that passed over was extracted 
with ether, and the extract was dried over potassium carbonate 
and fractionated. The portion that distilled between 148° and 
155°/15 mm., on remaining in the ice-chest, deposited crystals which 
were collected, drained on porous porcelain, and recrystallised from 
petroleum. The colourless plates thus obtained in considerable 
quantity melted at 52° and consisted of indole, as a mixed melting- 
point determination and a careful comparison of properties con¬ 
clusively proved. The reddish-brown solution in the steam-dis¬ 
tillation flask was cooled, sulphur dioxide passed in, and the pre¬ 
cipitate collected, dried, and distilled in quantities of 3 g. with soda-' 
lime under reduced pressure. The distillate, containing oily drops, 
was extracted with ether, and the extract steam-distilled; & furtWfc ,; 
quantity of indole then passed over. Finally, the residue 
steam-distillation flask was extraoted with benzene and dfei^i^^ 
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and the fraction, b. p. 240—280°/16 mm., was dissolved in low- 
boiling petroleum; from the solution a pasty mass of crystals 
separated which, after recrystallisation, melted at 236°, and this 
substance was found, by an examination of its colour reactions and 
other properties and by a mixed m. p. determination, to be 
carbazole. 

Decomposition by soda>-lime. Methylstrychnine (2-5 g.) was mixed 
with soda-lime (10 g.) and heated in a hard glass tube under 20 mm. 
to about 400°. The distillate from several such operations was 
steam-distilled, the pale yellow oil extracted with ether, and the 
extract dried over potassium carbonate and fractionated; an oil 
passed over at 93°/25 mm. which was insoluble in dilute hydro¬ 
chloric acid, gave an intense purple colour with ^-dimethylamino- 
benzaldehyde, and yielded a picrate, m. p. 168°. The amount 
obtained was too small to allow of its constitution being determined. 

The residue from the steam distillation yielded a small amount of a 
substance which separated from light petroleum in glistening plates, 
m. p. 236°, and was recognised as carbazole. 

Electrolytic Reduction of Methylstrychnine .—^Methylstrychnine 
(20 g.), dissolved in dilute sulphuric acid (100 c.c. 6f 60%), was 
reduced in the usual apparatus (p. 1600) by a current of 5 amps, for 
16 hours, the pale pink solution diluted with water and heated on 
the steam-bath, and barium carbonate added until the sulphuric 
acid had been removed. The strongly alkaline solution from the 
barium sulphate was evaporated to dryness; the almost colourless, 
crystalline methylstrychnidinium hydrogen carbonate that remained 
was purified by dissolving it in methyl alcohol, in which it was 
readily soluble, and fractionally precipitating it with ether. The 
second fraction, after drying on porous porcelain over sulphuric 
acid in a vacuum desiccator, gave analytical results agreeing 
approximately with those required for the formula 
C 22 H 27 ON 2 ,HCO s ,H 2 0 

(Found: 0, 65*8; H, 6*9; N, 6*8. Calc.: C, 66*6; H, 7*2; N, 
6*8%). When this carbonate was heated at 100° it lost 44% (Calc., 
4*3%) (Found; 0, 69*0; H, 74; N, 7*0. requires C, 

69*7; H, 7*1; N, 7*1%). This carbonate is readily soluble in hot 
water and effervesces with acids; the dry substance also effervesces, 
when it is heated at 200°, with formation of a colourless syrup. It 
was readily soluble in hot methyl-alcoholic potash (25%), and after 
heating in an open fiask on the steam-bath for 15 minutes so that 
considerable concentration had taken place, the milky liquid gave, 
on dilution with water, a caseous precipitate which separated from 
methyl alcohol in glistening prisms, m. p. 124—125°, and proved 
Jfc be methoxymethyldihydrostrychnidme (Found : C, 75*0 ; H, 
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8-2. Calc, for CasHaoOaNa: C, 754; H, 8-2%). When the car- 
bonate was treated with, hydrochloric aoid, it yielded a homy 
methoohloride which appeared to be identical with the substance 
obtained from strychnidine methiodide by treatment with silver 
ohloride (p. 1601). 

Uotvebsities off Oxford and 

Manchester. [Received, May 24th, 1927.] 

CCXI.— Strychnine and Brucine. Part V. 

By John Masson Gulland, William Henry Perkin, jun., 
and Robert Robinson. 

The present co mmuni cation contains the description of part of a 
general investigation of the reduction products of bruoine, our 
knowledge of which is comparatively scanty. Reduction by 
hydrogen in presence of colloidal palladium yields dihydrobrucine 
(Skita and Franck, Bex., 1911, 44, 2864), and Tafel and Naumann 
(Ber., 1901, 34, 3291) have described the preparation by electrolytic 
reduction of a substance which they designate “ tetrahydrobrucine.” 

The starting point of the research now to be described is brucidino, 
a substance which Tafel and Naumann ( loc. cit.) claim to have pre¬ 
pared from “ tetrahydrobrucine ” by the elimination of water at 
215°. The two substances were thus considered to be analogous 
to tetrahydrostrychnine and strychnidine and were represented by 
the scheme:. 

(MeO) 2 (C 2t p 20 O)(-:N)<^'° H —> (MoOWOAOiiNKf 2 
Tetrahydrobrucine. JBrucidim. 

The properties of these substances as described by Tafel are ex¬ 
tremely similar, and he was unable to demonstrate by the prepar¬ 
ation of a nitrosoamine the presence of an imino-group in the 
secondary amine, tetrahydrobrucine. We have repeated the 
electrolytic reduction of bruoine, using the modified apparatus 
described in a previous communication (J., 1924, 125, 1798), and 
our results show that Tafel’s “ tetrahydrobruoine,” m. p. 200—201°, 
should be re-named brucidine. It is clear, however, that his 
“ brucidine,” m. p. 198°, was correctly named, although it was not 
quite homogeneous and was identical with his supposed “tetra¬ 
hydrobruoine.” We have now obtained two products, (i) brucidine, 
m. p. 203—203-5°, which shows all the properties of Tafel’s “tetra¬ 
hydrobrucine,” and (ii) tetrahydrobrucine, m. p. 177°, whioh & % 
secondary amine yielding a nitrosoamine. The secdnd/#rf»^ii^ 
moreover, yields brucidine When dehydrated by means of phtNfpb#w*| 
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oxychloride, and the two compounds are thus entirely analogous to 
the corresponding derivatives of strychnine. Tafel 5 s analyses of 
“ tetrahydrohrucine 55 are in agreement with the theory for brucidine 
containing a molecule of methyl alcohol, and we have found that the 
base when crystallised from methyl alcohol does in fact retain one 
molecule of the solvent. 

Tetrahydrohrucine and brucidine are di-acid bases each of which 
forms a dihydrochloride and a dihydriodide , but only a mono- 
methiodide when heated with an excess of methyl iodide in boiling 
methyl alcohol. 

The starting materials in the experiments described in this com¬ 
munication are the brucidine metho-salts, and of these the metho- 
mlphate , prepared by the direct combination of the base with methyl 
sulphate, is the most easily obtained in practice. Brucidine metho- 
salts, however, have also been prepared by the electrolytic reduction 
of methylbrucine. This substance was first obtained (Moufang and 
Tafel, Annalm , 1899, 304, 42) by the decomposition of brucine 
methiodide with silver sulphate, followed by the removal of the 
sulphuric acid by baryta, and Tafel represented it as a betaine 
according to the scheme : 


y^NMe*0H ^NMe*OH 

(MeO) 2 (C 20 H 20 O^ —» (MeO) 2 (Co 0 H 20 O)f C0 2 H - 

\>CO 
N 

Brucine methofojdr oxide. y£>NMe 

(MeO) 2 (C 20 H 20 O)^>O 

\h 

Methylbrucine. 


Leuchs and Anderson (Ber., 1911, 44, 3046), however, prepared this 
compound more simply by the action of sodium hydroxide on 
brucine methosulphate, and we have employed a slight modification 
of their method. The electrolytic reduction of methylbrucine in 
dilute sulphuric acid is followed by the removal of the sulphuric acid 
by means of barium carbonate. In this way, brucidine metho - 
hydrogencarbonate is obtained, and from it may be prepared brucidine 
methohydroxidehj the action of alkali, and also brucidine methiodide 
by means of sodium iodide. This methiodide is identical with a 
specimen prepared by the interaction of the base with methyl iodide, 
and it is therefore evident that the nitrogen atom which is involved 
in the production of brucidine metho-salts is not that which forms 
part of the group -CO~NI of brucine, 
v; "^en brucidine methochloride or methosulphate, 
C 23 H 28 0 3 N 2 ,Me 2 S0 4 , 
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Is digested with methyl-alcoholic potassium hydroxide it is con¬ 
verted into methoxymethyldihydrobrucidine, m. p. 115°, 

which is derived from brucidine by the introduction of a methyl 
group and the addition of methyl alcohol. Unlike the corresponding 
derivative of strychnidine, this substance is a di-acid base, yielding 
a dihydriodide, but here, as in the case of brucidine, one molecule 
only of methyl iodide enters easily into combination with the base. 
The formation of this methiodide (A) by the action of methyl iodide 
at 100° takes place smoothly in the absence of a solvent, but when 
methyl alcohol is employed in the preparation, a small quantity 
of oxymethoxymethyldihydrobrucidine, m. p. 277°, is 

produced, and a little of the same substance may be isolated from 
the mother-liquors when the methiodide, prepared in the absence 
of a solvent, is recrystallised from methyl alcohol. By far the 
greater proportion of the product of the action of methyl iodide on 
methoxymethyldihydrobrucidine under either set of conditions is 
the methiodide (A), and in this the brucidine derivative differs 
greatly from the parallel strychnidine one (compare this vol., p. 1591). 
Indications have been obtained of the formation in these reactions 
of a second iodine-free base, melting at about 218°, which 
may correspond to oxymethoxymethyldihydrostrychnidine (A), 
but this substance has not been obtained in a pure condition, 
because recrystallisation from methyl alcohol converts it into oxy* 
methoxymethyldihydrobrucidine, m. p. 277°. Oxymethoxymethyl- 
dihydrobrucidine is probably formed by an atmospheric oxidation 
which is catalysed by small quantities of iodine, since it has recently 
been obtained in much greater yield when an ethyl-alcoholic solution 
of methoxymethyldihydrobrucidine containing a few small crystals 
of iodine is exposed to the air for some days. A parallel experiment 
in which the iodine was omitted yielded no oxymethoxymethyl- 
dihydrobrucidine in the same space of time. 

Further atmospheric oxidation takes place in boiling methyl- 
alcoholic solution, and a dioxymethoxymethyldihydrobrucidina (X), 
0*0 6 lir 2 , m. p. 270°, has been isolated. This substance is 
isomeric with two dioxymethoxym&thyldihydrobrucidines, namely 
(Y) and (Z) (p. 1631), which are produoed by oxidation of methoxy¬ 
methyldihydrobrucidine by permanganate. The investigation into 
the constitution of these substances, their relationship, and the 
significance of their formation has not yet been completed. 

Methoxymethyldihydrobrucidine combines reqdily at 100° with 
one molecule of methyl iodide, as has been stated above, but when 
the temperature is raised to 140° and the reaction prolonged for 
some hours, the dimethiodide (A), m. p. 215°, is formed. In a.fljta&gr: 
way, methoxymethyldihydrobrucidine reacts slowly With 
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sulphate at 100° to form the monomeihosul'phate (A), but if the 
reaction is continued for a day the base is converted quantitatively 
into the dimethosulphate (B). This substance has not been obtained 
in a crystalline form, but when sodium iodide is added to its aqueous 
solution the dimethiodide (B), m. p. 290°, is precipitated and easily 
obtained in a pure condition. The dimethochloride (B), prepared 
from the dimethiodide by the action of silver chloride, is a homy 
mass which has been decomposed in three different ways. When 
boiled with methyl-alcoholic potassium hydroxide, it loses two 
molecules of methyl chloride, and methoxymethyldihydrobrucidine 
is regenerated. When the dimethochloride is heated for a short time 
in boiling nitrobenzene, the chief product is methoxymethyldihydro¬ 
brucidine methochloride (B), produced by the liberation of one mole¬ 
cule of methyl chloride. Sodium iodide converts this substance into 
the methiodide (B), which is isomeric with the methiodide (A) 
mentioned above. When, thirdly, the dry dimethochloride (B) is 
heated, it loses two molecules of methyl chloride and one of methyl 
alcohol and yields meihyl^-brucidine (p. 1631). It will be observed 
that methoxymethyldihydrobrucidine not only forms two series of 
metho-salts, depending probably upon which of the two nitrogen 
atoms is involved, but also two series of dimetho-salts, which are 
probably stereoisomeric. The relationships existing in this complex 
group of substances are readily understood from the following 
scheme: . 



MethoxjnxLethyldihy drobrucidine 



Dimethiodide (A) Methiodide (A) Methosulphate (A) 
*_1 ■ M 


Methiodide (B) 4*—— Methochloride (B) 4 



Methyl-^r-bracidine 


Dimethosulphate (B) 
Y 

Dimethiodide (B) 

1 


PKNO,afcb. p. 


Dimethochloride (B) 


A consideration of the colour reactions of the reduced brueidine 
derivatives, especially that given with ferric chloride (see p. 1661), 
leads to the conclusion that the methiodide (A) has the formula 

(MeO) 2 (C 20 n 20 O){OMe)(IlNnVIe) < ^^^|l, whilst the methiodide (B) 


is (MeO) 2 (O 20 B^ 0 O)(OMe)(2Me 2 )‘^^ : ^jl. This is noteworthy and 

implies that the more basic of the two nitrogen atoms of brueidine 
becomes the less basic of the two nitrogen atoms of methoxymethyl- 
||\^|b;ydrdbrucidine. ^ 

acid has apparently little oxidising action on 
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methoxymethyldihydrobrucidine, as this reagent at 100° yields only 
nitromethoxymethyldihydrobrucidine, C^HjjOgNg. When, however, 
the oxidation is brought about by means of potassium permanganate 
in acetone, two isomeric dioxymethoxymdhyldihydrobrucidines, 
C 25 H 340 6 N 2 , are produced, namely (Y), m. p. 185—186°, and (Z), 
m. p. 110-^111°. The first of these substances (Y) is a base and 
yields a methiodide, which has the interesting property of existing 
simultaneously in two interconvertible forms ] one contains solvent 
of crystallisation, the other does not. This base is not altered by 
boiling for a short time with acetic anhydride, and attempts to form 
a semicarbazone resulted in a dark red, uncrystallisable oil. The 
second substance (Z) shows more feebly basic properties, since, 
although it is readily soluble in dilute hydrochloric acid, it does not 
react with methyl iodide at 100°. 

In order to determine whether a process similar to the formation of 
methoxymethyldihydrobrucidine would occur if ethyl alcohol were 
substituted for the methyl alcohol used in the preparation of this 
substance, brucidine methosulphate was digested with sodium 
ethoxide in ethyl alcohol. A sandy powder was obtained which 
showed no tendency to crystallise, and was therefore analysed in 
the form of its crystalline methiodide. This proved to be ethoxy- 
methyldihydrobrucidine methiodide, C 26 H S8 0 4 N 2 ,MeI. The reaction 
thus follows a course similar to that observed when methyl alcohol 
is used, but the product was not further investigated. 

When methoxymethyldihydrobrucidine is boiled with dilute 
sulphuric acid, methyl alcohol is eliminated, and as no precipitate 
is formed on the addition of ammonia or sodium hydroxide the 
solution evidently, contains a quaternary sulphate. On addition of 
an excess of sodium iodide methylneobrucidinium iodide, 0 24 H 31 0 8 K" a I, 
m. p. 298°, is precipitated, and the investigation of the mother- 
liquors yielded only a further quantity of the same iodide. It 
would thus appear that, in contrast to the behaviour of methoxy- 
methyldihydrostrychnidine under similar conditions (this vol., 
p. 1593), only one iodide is formed, which, it should be noted, is 
isomeric with brucidine methiodide, m. p. 322°. Methylneobrucid- 
inium ehloride, prepared from the iodide by means of silver chloride, 
may be decomposed in two ways. When digested with methyl- 
alcoholic potassium hydroxide, it gains methyl alcohol and loses 
hydrogen chloride, forming methoxymethyldihydrobrucidine. Qn 
the other hand, if the dry chloride is heated it loses hydrogen chloride, 
forming methyl-\j/-hruoidine. 

Methyl-^-brucidine, m. p. 198—199°, is obtained** 

either in the manner described above, or by heating methoxyniasthyl-'j 
dihydrobrueidine dimethoehloride (B). It. v ii a, 
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dihydriodide , but only a methiodide when combined directly with 
methyl iodide in the cold. Small quantities of the base and also 
of its methochloride are formed during the decomposition of methoxy- 
methyldihydrobrucidine dimethochloride (B) in boiling nitro¬ 
benzene; the methochloride, which was not isolated, yields the 
above-mentioned methiodide when treated with sodium iodide. 
Methyl-^-brucidine is unchanged by electrolytic reduction or by 
shaking in an atmosphere of hydrogen in presence of colloidal 
palladium, but it is readily oxidised by potassium permanganate to 
brucidone, C 23 H 28 0 5 N 2 , one atom of carbon being lost during the 
process. This most interesting substance, the analogue of strych- 
nidone, is unfortunately an oil, but a crystalline monosemicarbazone 
was obtained and analysed. The stability of methyl-^-brucidine 
towards reducing agents is noteworthy and cannot, at present, 
be explained. 

Methoxymethyltetrahydrobrucidine , C 25 H 36 0 4 N 2 , m. p. 133—135°, 
is derived from methoxymethyld ihydrobrucidine by electrolytic 
reduction. It is characterised by the facility with which it crystallises, 
and also shows greater stability to light and air than the methoxy- 
dihydro-derivative. It is a di-acid base yielding a dihydrocUoride 
and a dihydriodide , and like the methoxydihydro-derivatives it forms 
two series of metho-salts, namely (A) and (B), and also two series of 
dimetho-salts, namely (A), which are comparatively low-melting, 
and (B), which are high-melting. The methiodide (A) is produced by 
the direct combination of the base with methyl iodide at 100°, and 
in contrast to the behaviour of methoxymethyldihydrobrucidine 
under similar conditions no oxidation accompanies this reaction 
(compare p. 1629). This methiodide yields the methochloride (A) by 
the action of silver chloride, and it was observed that both of these 
substances readily revert to the parent base. The methiodide loses 
\ methyl iodide quantitatively at 170°,'whilst methyl chloride is 
eliminated when the methochloride is boiled with methyl-alcoholic 
potassium hydroxide. Methoxymethyltetrahydrobrucidine com¬ 
bines slowly with methyl sulphate when heated with an excess of the 
reagent in dry benzene for 24 hours, and yields a glassy mass which 
is a mixture of two dimeihosul'phates, namely, (A) and (B). These 
have not been separated, but the addition of sodium iodide to their 
aqueous solution precipitates the dimethiodide (B), m. p. 287°, the 
isomeride (A) remaining in solution. The dimethiodide (B) and the 
dimethochloride (B), which is prepared from it by means of silver 
:^ chloride, each lose one molecule of methyl iodide, or methyl chloride,: 
fe%xWhen heated, and yield respectively the methiodide , ot methochloride, 
^fehe series (B). Attempts to prepare methyl-^-dihydrobrucidine 
ther decomposition of the dimethochloride (B) or themetho- 
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chloride (B) were unsuccessful, because decomposition of the rest 
of the molecule precedes the elimination of methyl chloride; this 
behaviour is in marked contrast to that of the corresponding 
strychnidine derivatives (compare this vol., p.1592). Methoxymethyl- 
tetrahydrobrucidine dimethiodide (A), m. p. 230—232°, is precipit¬ 
ated in a very crude condition by the addition of a largo excess of 
potassium hydroxide to the mother-liquors from the preparation of 
the dimethiodide (B). It may also be obtained by the direct 
combination of the base with methyl iodide at 140°. When heated 
at its melting point, it loses one molecule of methyl iodide with the 
formation of the methiodide (B), and it is converted by silver 
phlnrida into the dimethochloride (A). When this substance is 
heated, two molecules of methyl chloride are liberated and methoxy- 
methyltetrahydrobrucidine is regenerated. The relationships of 
these substances are illustrated by the following scheme :— 


—> Methoxymethyltctrahydrobrucidine 


Methiodide (A) yr (Dimethosulphates (A) and (B) Mefchoohloride (B) 

!/»•./ \ It 

Methoehloride (A) S 3 / \ Methiodide (B) 

/ heat \ ^ 

* x i ' i~$ 

Dimethiodide (A) Dimethiodide (B) 

heat ..A . . heat 

—----Dimethochloride (A) Dimethochloride (B)--- 


The ferric chloride reactions suggest that the metho-salts (A) and (B) 
are constituted analogously to the related series from methoxy- 
methyldihydrobrucine. 

The methiodide (A) will have the formula 

(MeO) 2 (C 20 H 22 O)(OMe)(:NMe)<g e }l, 

whilst the methiodide (B) should be 

(MeO) 2 (C 20 H 22 O)(OMe)(:NMe 2 )<? H 2}l. 

This is in agreement with the production of the methiodide (B) 
from each of the stereoisomeric dimethiodides (A) and (B), since 
the decomposition, on the suggested hypothesis, occurs at the 
nitrogen atom which becomes asymmetric (Nabcd) on the formation 
of the dimethiodides. A glance at the formula of the dimethiodides, 

(MeO) 3 ( C 20 H 22 O)(OMe)(:NMe 2 )<^ |i 2; wiU show that the :NMe 2 

group is not a new asymmetric centre, whilst the nitrogcn atom of mk 

... ;■ .T.si'ai 
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“■CH 2 ~!NMe group can give rise to enantiomorphism. If the 

formulae for the methiodides (A) and (B) were transposed, we 
should anticipate that the dimethiodides (A) and (B) would give 
rise to stereoisomerie methiodides on decomposition. 

The metliylneodihydrobrucidinium salts could not be prepared 
directly from methoxymethyltetrahydrobrucidine because this 
substance, unlike the methoxydihydro-base, is unaffected by 
boiling dilute sulphuric acid. Attempts to obtain these salts by 
the reduction of the methylweobrucidinium salts were unsuccessful, 
as the sulphate was unchanged by electrolytic reduction. Methoxy- 
methyltetrahydrobrucidine dihydrochloride, however, decomposes 
above its melting point in boiling mesitylene, yielding hydrogen 
chloride, methyl alcohol, and methylneodihydrobrucidinium chloride . 
This substance is amorphous, and its aqueous solution forms no 
precipitate with ammonia or potassium hydroxide. When the dry 
chloride is heated, it decomposes without producing methyl- 
dihydrobrucidine (compare this vol., p. 1592). The crystalline 
methylneodihydrobrucidinium iodide is prepared from the chloride by 
means of sodium iodide. 

A number of efforts were made to prepare methyl-^-dihydro- 
brucidine by heating either (i) methoxymethyltetrahydrobrucidine 
methochloride (B), or (ii) methoxymethyltetrahydrobrucidine 
dimethochloride (B), or (iii) methylneodihydxobrucidinium chloride 
In each case, it was evident that decomposition of the rest of the 
molecule preceded the liberation of methyl chloride or of hydrogen 
chloride as the case might be, although the corresponding derivatives of 
strychnidine yield methyl-^-dihydrostrychnidine. We hoped, there¬ 
fore, that the less stable methoxymethyltetrahydrobrucidine dimetho - 
hydrogencarbonates would decompose more readily, and this proved 
to be the case. The dimethohydrogencarbonates (A) and (B) may be 
prepared by evaporating in an open basin aqueous solutions of the 
corresponding dimethohydroxides , prepared by the action of silver 
hydroxide on the dimethiodides (A) and (B). They are also obtained 
by the action of silver carbonate on the dimethiodides. When 
heated over a flame, the dimethohydrogencarbonate (A) regenerates 
methoxymethyltetrahydrobrucidine, whilst the dimethohydrogen¬ 
carbonate (B) yields methyl-^-dihydrobrucidine, C24H 32 0 3 ISr 2 , m. p. 
220—221°, which has been characterised further by the preparation 
of a dihydriodide. When heated less vigorously (at 135°), the 
dimethohydrogencarbonate (B) loses only one molecule of carbon 


^dioxide and forms methozymemyltetmhydrobrucidine meihohydrogen- 
< (B), which was not purified, but was isolated in the form of 
&ethiodide (B) by the action of sodium iodide. 
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Experimental. 

Brucine, Methosulyikate.— Leuchs and Anderson [Ber., 1911, 44, 
3046) have described the preparation of small quantities of this 
subs tanc e by the combination of brucine with methyl sulphate in 
chloroform. The following process was found convenient for large- 
scale operations. Pure methyl sulphate (50 c.c.) is added to a 
suspension of brucine (125 g.) in methyl alcohol (200 c.c.). The base 
dissolves with evolution of heat, and the methosulphate, which 
separates over-night, is collected, washed with a little methyl 
alcohol, and dried first in a vacuum and then at 100°. A further 
quantity is obtained on concentrating the mother-liquors (total 
yield, about 90%). The methosulphate crystallises from ethyl 
alcohol in colourless needles, m. p. 278° (decomp.) (Pound : C, 58-2; 
H, 6-5. Calc. : C, 58-5; H, 6-5%). Leuchs and Anderson give 
m. p. 268°. 

Brucine methiodide is obtained by adding sodium iodide solution 
to an aqueous solution of the methosulphate. It crystallises from 
water in needles, m. p. 295° (decomp.), after drying at 100° (Pound: 

C, 53-4; H, 5-4. Calc.: C, 53-7; H, 54%), Claus and R6hre 
(Ber., 1881,14, 772) prepared this compound by the interaction of 
brucine and methyl iodide, and give the melting point as 290° 
(decomp)., whereas Hanssen (Ber., 1884,17, 2267) gives 270®. 

Brucine methohydrogencarbomte is prepared from the methiodide 
by shaking a hot aqueous solution with excess of sEver carbonate, 
evaporating the filtrate to dryness under reduced pressure on the 
water-bath, and crystallising the residue from ethyl alcohol. It 
forms creamy-yellow plates, m. p, 202—203° (decomp.), which 
retain a molecule of alcohol after drying in a vacuum desiccator, 
and dissolve readily in water (loss at 120°, 10-5. lEtOH requires 
loss, 9-8%. Pound in dried material: C, 63-6; H, 6-5, C M H a6 0 4 N 2 , 
MeHC0 3 requires C, 63-8; H, 6-4%). 

The Electrolytic Reduction of Brucine. Brucidine and Telra- 
hydrobrucine. 

The success of this reduction depends largely on the temperature 
of the cathode chamber. Thus at 18°, the lowest temperature at 
which the battery of cells could be kept during a prolonged period 
in the absence of ice-cooling, about 68% of the weight of brucine 
used was isolated in the form of practically pure bruoidine and tetra- 
hydrobrucine. If, on the other hand, the temperature rose to 21°, 
the yield dropped to about 55% of the weight of bruoine, andfurther, 
the isolation of the tetrahydrobruoine was made more di®j^fft| 
the presence of gummy substances, which caused the products ^ 
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become red when exposed to light and air. The formation of these 
could never be entirely avoided, but their amount was dimin ished 
considerably at the lower temperature, Tafel and Naumann 
(loc. cit.) were troubled by similar unstable by-products if their 
reduction was carried out above 15°. 

The following is a description of a typical experiment, but it must 
be realised that variations occurred in the yields from different 
preparations. A solution of brucine (100 g.) in dilute sulphuric 
acid (300 g. of concentrated acid in 300 c.c. of water) is reduced in 
the usual apparatus (J., 1924, 125, 1798) for 16 hours by a current 
of 5 amps., while the temperature is maintained at 17—18° by 
immersing the cells in r unnin g water. The contents of the cathode 
chambers and the aqueous washings of the cells are diluted to about 
twice the volume of the original solution, filtered in order to remove 
some lead sulphate, mixed with ice, and rendered alkaline by ammonia 
(d 0*880). Any rise of temperature is carefully avoided by the 
addition of ice and by cooling in a freezing mixture. A pale pink 
gum separates and adheres to the walls of the vessel. The liquid is 
decanted, extracted three times with chloroform (300 c.c. in all), 
and the mixed extracts are then used to dissolve the gum. The 
chloroform solution is washed with water, dried by potassium 
carbonate, and distilled.' In order to remove the last traces of 
chloroform, the gummy residue is dissolved in boiling methyl alcohol 
(150 c.c.), and the solution evaporated to dryness on the water-bath. 
The product (100 g.), now a solid, is dissolved in boiling methyl 
alcohol (250 c.c.), and, on cooling, an almost colourless mass of 
crystals separates; this is collected and dried on the water-bath 
(45 g.). It melts at about 199° and is practically pure brucidine 
(see below). The mother-liquors are evaporated to dryness on the 
water-bath, the last traces of solvent being removed under reduced 
pressure; on boiling the semi-solid mass with pure ethyl acetate, a 
part remains undissolved, and after cooling is collected, washed with 
ethyl acetate, and dried in a vacuum (23 g.). It melts at 174° and 
is practically pure tetrahydrobrucine (see below). The mother- 
liquors contain the oily by-products, together with some crystalline 
substances, and their investigation is in progress. 

Brucidine .—The product obtained from the reduction is crystallised 
from methyl alcohol, from which it separates in colourless needles, 
which, after being dried in a vacuum desiccator, shrink at 188—190° 
and melt at 203—203*5° without decomposition. On drying at 
|05° brucidine loses one molecule of methyl alcohol of erystallis* 

K and then melts at 203—203*5° without decomposition (loss 
IMeOH requires loss, 7*9%. Pound in dried material; 
||wft 7*3, requires C, 72*6; H, 74%b It is 
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vary slightly soluble in boiling water, and the solution reacts alkaline 
to litmus. It dissolves readily in chloroform, less easily in methyl 
alcohol and ethyl acetate, and only very sparingly in ether. The 
colourless solution of a pure specimen in dilute hydrochloric acid 
slowly acquires a faint olive-green colour; on addition of a few 
drops of sodium nitrite a dark green coloration appears, which 
becomes reddish-brown on standing. When now excess of sodium 
carbonate is added, the colour changes to a very intense claret, which 
passes entirely into chloroform when the liquid is shaken with that 
solvent. These properties agree well with the reactions of the 
substance which Tafel and Naumann describe as “ tetrahydro- 
brucine.” A solution of brucidine in 60% sulphuric acid * to which 
a drop of an aqueous solution of potassium dichromate has been 
added becomes green on standing. The addition of ferric chloride 
to a solution in dilute hydrochloric acid produces a dark blue-green 
colour, which appears pink when examined in thin layers. These 
colour reactions are also shown by many derivatives of brucidine 
(see p. 1661) and in many cases dilute nitric acid causes the develop¬ 
ment of a similar green-pink colour. 

The corresponding colour reactions of brucine may be given here for 
comparison. A drop of dichromate imparts, a deep red colour to a 
solution in 60% sulphuric acid, but the addition of ferric chloride to 
brucine in dilute hydrochloric acid does not produce a coloration. 

The dihydrochloride is formed when a little concentrated hydro¬ 
chloric acid is added to a solution of the base in hot methyl alcohol. 
On cooling, the liquid sets to a mass of needles, which are collected 
and recrystallised from methyl alcohol. This salt forms colourless 
needles which begin to darken at 285°, and melt at 310° (decomp.) 
after drying in a vacuum desiccator. A satisfactory analysis of this 
substance was not obtained, as it appears to lose hydrogen chloride 
on drying. There is no doubt, however, that the base combines 
with two molecules of hydrogen chloride. A solution of the di¬ 
hydrochloride in methyl alcohol is colourless, but on exposure for a 
short time to air it becomes green; the solution then appears pink 
when examined in thin layers, 

The dihydriodide , prepared by adding sodium iodide to a solution 
of the base in dilute hydrochloric acid, crystallises from water in 
shining, grey needles, m.p. 265° (decomp.), which are only very 
sparingly soluble in hot water. 

The methosul'phate. A short, vigorous reaction occurs when pure 
methyl sulphate (8 c,c.) is added to a slightly warm suspension of 

* In the case of brucine and its derivatives the colour reactions are wejL ;v . 
shown in dilute sulphuric acid of 60% by weight, and not by volume 
pare Part IV, this vol., p, 1599). ' - VI 
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powdered brucidine (20 g.) in methyl alcohol (80 c.c.), and when 
this has subsided the mixture is heated on the water-bath for a few 
moments until the base has completely dissolved. On cooling the 
green solution in ice, the methosulphate separates in excellent yield 
as a mass of colourless needles, which are collected, washed with 
methyl alcohol, and dried in a vacuum desiccator. It is essential 
that the methyl sulphate should be pure and freshly distilled; the 
presence of acid greatly reduces the yield. When prepared in this 
way, the methosulphate is sufficiently pure for most purposes. It 
may be recrystallised from methyl alcohol in colourless needles which 
begin to darken at 270° and melt at 291° (decomp,), are readily 
soluble in water, and become purple or green when kept for some 
time. 

The methiodide is obtained either by the addition of sodium 
iodide to an aqueous solution of the methosulphate, or by adding 
methyl iodide to an ethyl-alcoholic solution of the base. In either 
case, the crystals which separate are recrystallised from water. 
The methiodide forms colourless needles, m. p. 322° (decomp,), 
which are sparingly soluble in methyl or ethyl alcohol (Found; 
C, 55*1; H, 6*0. C^H^OgNajMel requires C, 55*2; H, 5*9%). 

Tetrahydrobrucine .—The product obtained from the electrolytic 
reduction (p. 1636) is recrystallised from ethyl acetate, in which it is 
sparingly soluble. When prepared in this way, tetrahydrobrucine 
forms colourless needles, m. p. 177° (Found; C, 69*1; H, 7-7. 
C23H30O4N2 requires C, 69-4; H, 7*5%), but one of its characteristic 
properties is the power of retaining solvent of crystallisation with 
the resulting production of comparatively low-melting crystalline 
forms. It melts in boiling water, dissolves fairly readily to a solu¬ 
tion which is alkaline to litmus, and on cooling crystallises in colour¬ 
less needles; after drying for a short time in a vacuum desiccator, 
these melt to a pasty mass at 90—92°, and evolve water briskly at 
100° (loss at 100% 14*8. 411^0 requires loss, 15*3%). It is rather 
easily soluble in methyl alcohol, hut when a concentrated solution 
is cooled, it crystallises in colourless needles, which, after being dried 
in a vacuum desiccator, melt to a pasty mass at 90—95° (loss at 
100% 10*4. MeOH requires loss, 10*8%), harden on further heating, 
and melt again at 177°, When crystallised from ethyl alcohol, 
tetrahydrobrucine forms colourless needles, which soften at 115° 
and melt at 120® after drying in a vacuum desiccator. These con¬ 
tain one molecule of. ethyl alcohol which is not lost at 90° (Found 
m material dried at 90°: C, 68*4; H, 8*3. C 23 H30O 4 N 2 ,EtOH 
!^3^qunes C, 68*2 ; H, 8*2%), but is liberated at 120° (loss at 120°, 
'• lEtOH requires loss, 10*4%). A solution of a pure specimen 
hydrochloric acid is colourless, but becomes bright green 
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on the addition of a few drops of ferric chloride; this solution does 
not, however, show the pink tinge in thin layers which is charac¬ 
teristic of brucidine and its derivatives. 

The dihydrochloride is rather readily soluble, but is obtained when 
a little concentrated hydrochloric acid is added to a concentrated 
solution of the base in methyl alcohol. On standing over-night, it 
separates in colourless needles, which are collected, washed with 
methyl alcohol, and dried at 100°. This salt darkens at 280° and 
melts at 305° (decomp.) (Found : C, 584; H, 7*0. C 23 H 30 O 4 N 2 ,2HCl 
requires C, 58*6; H, 6*8%). 

The dihydriodide is prepared by adding sodium iodide to a solution 
of tetrahydrobrucine in dilute hydrochloric acid. The green colour 
of the solution disappears, and a yellow gum separates which slowly 
crystallises on rubbing. When recrystallised from ethyl alcohol, it 
forms colourless plates, which darken at 220° and melt at 225° 
(decomp.). 

The metModide is readily obtained by warming a solution of the 
base and an excess of methyl iodide in methyl alcohol for a few 
moments until crystallisation begins. After cooling, the colourless 
needles of the methiodide are collected, washed, and dried in a 
vacuum desiccator; they then melt at 290° (decomp.) (loss at 100°, 
5*3. IMeOH requires loss, 5 - 5%. Found in material dried at 100°: 
C, 53*5; H, 6*3. G 23 H 30 O 1 N 2 ,Mel requires C, 53*3 ; H, 6*1%). 

The nitrosoamine. Sodium nitrite (0*5 g.) in a little water is 
added gradually to a cooled solution of tetrahydrobrucine (2 g.) in 
hydrochloric acid (20 c.c. of 2 N). The yellow crystals are collected, 
washed with dilute hydrochloric acid, and recrystallised from ethyl 
alcohol. Tetrahydrobrucine nitrosoamine hydrochloride forms buff- 
coloured needles, which, after drying in a desiccator, darken and 
shrink at 190°, have become black at 250°, and melt at 288° (decomp,) 
(loss at 100°, 8*5. lEtOH requires loss, 9*0%. Found in material 
dried at 100°: CL, 7-5. C^H^N^HCl requires Cl, 7*6%), 

When sodium carbonate is added to an aqueous solution of the 
hydrochloride, the nitrosoamine separates in needles. It is collected, 
washed, and recrystallised from dilute ethyl alcohol, separating in 
lemon-yellow needles which shrink at 205° and melt at 213—214° 
(decomp.) (Found: C, 64-2; H, 6-7. C 23 H 28 O ri ]Sr 3 requires 0, 64-6; 
H, 6-8%). It is readily soluble in ethyl alcohol, and gives Lieher- 
mann’s nitroso-reaction. 

The Conversion of Tetrahydrobrucine into Brucidine. 

A mixture of tetrahydrobrucine (5 g.) and phosphorus oxychterld^ 
(50 g.) is warmed on the water-bath for about 30 minutes; hydi$g» 
chloride is evolved, whilst the base becomes gummy, partly 4 
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and soon changes to a mass of crystals. The excess of phosphorus 
oxychloride is removed by distillation on the water-bath under 
reduced pressure, and the residue is dissolved in water (25 c.c.), 
much heat being produced. After cooling and addition of ice, the 
solution is mixed with potassium hydroxide, and the semi-solid 
precipitate is collected on a glass rod, drained as thoroughly as 
possible, and boiled with a little methyl alcohol. The product 
becomes crystalline, and after cooling it is collected, washed with 
methyl alcohol, and dried at 100° (yield 3*6 g.; 75% of that 
theoreticafiy'possible). The crystals melt at 203—203*5° either 
alone or when mixed with a specimen of brucidine. 

The Electrolytic Reduction of Methylbrucine . Brucidine Metho- 
hydroxide and Metho-salts, 

Methylbrucine—The conversion of brucine methosulphate into 
methylbrucine does not take place under conditions similar to 
those under which strychnine methosulphate yields methylstrych- 
nine (this vol., p. 1624), because the methosulphate is precipitated 
unchanged by the alkali. If, however, a higher temperature and 
more concentrated potassium hydroxide are used, the liquid sets 
to a gelatinous mass, which certainly contains methylbrucine, but 
which can be neither crystallised nor purified. Methylbrucine was 
therefore prepared by a modification of the method of Leuchs and 
Anderson (foe, cit,, p. 3047), who used less concentrated alkali. 
Hot, dilute sodium hydroxide solution (200 c.c. of 2*5N) is added in 
one batch to a hot solution of brucine methosulphate (10 g.) in 
water (50 c.c.), and the mixture is heated on the water-bath for 5 
minutes. On cooling, the yellow solution does not gelatinise 
(compare Leuchs and Anderson); sodium hydroxide (20 c.c. of 30%) 
is now added, and the mixture set aside. Next day, the needles, 
which fill the liquid, are collected, and are sufficiently pure for the 
purpose of the reduction described below. When purified by the 
addition of acetone to a concentrated aqueous solution, and dried 
at 100°, methylbruoine forms colourless needles, m. p, 300° (decomp.) 
when heated quickly. Leuchs and Anderson give the melting 
point as 300° (decomp.). 

The reduction . A solution of methylbrucine (20 g.) in sulphuric 
acid (100 c.c. of 60%) is reduced in the usual apparatus for 6 hours 
with a current of 5 amps., while the temperature is kept at 18° by 
cooling in running water. The liquid is diluted with an equal 
- volume of water, heated on the water-bath, and neutralised by an 
jgxcess of barium carbonate. The deep red filtrate, mixed with the 
igs of the barium precipitate, is evaporated to dryness under 
|| pressure on the water-bath. The dark red, glassy residue 
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dissolves readily in water or methyl or ethyl alcohol, and shows very 
little tendency to crystallise. A small specimen, however, was 
obtained in a crystalline condition from methyl alcohol by cooling 
in ice. It was recrystallised once from that solvent in colourless 
nodules of needles, m. p. 265° (decomp.) after drying in a vacuum 
desiccator, and appears from analysis to be brucidine methohydrogen- 
carbonate containing two molecules of water (Found : C, 60*3; H, 
7*1. C 25 E Z2 0^ 2 ,2ILfl requires C, 61*0; H, 7*3%). This view is 
confirmed by the conversion of this substance into brucidine meth- 
iodide and methohydroxide (see below), and also by its interaction 
with dilute hydrochloric acid. Carbon dioxide is evolved, and the 
substance dissolves to a green solution; the addition of ferric chloride 
intensifies this colour, and gives it the pink tinge in thin layers which 
is characteristic of brucidine and its derivatives. 

When sodium iodide is added to an aqueous solution of the metho- 
hydrogencarbonate, brucidine methiodide is formed. It separates 
from water in colourless needles, m. p. 322° (decomp.), and is 
identical with a specimen prepared from brucidine (p. 1638). 

Brucidine methohydroxide is obtained by grinding the crude 
methohydrogencarbonate with 30% potassium hydroxide solution. 
The resulting crystalline paste is filtered, and the solid recrystallised 
twice from water, in which it dissolves very readily, Brucidine 
methohydroxide forms colourless, hair-fine needles, m. p, 268° 
(decomp.), which retain two molecules of water after drying in a 
vacuum desiccator (Found: C,64*l; H, 7*6. C 23 H 2 S 03 N 2 ,Me 0 H ? 2 H 2 0 
requires 0, 64*3; H, 8*0%). The same substance was prepared for 
comparison from brucidine methiodide. An aqueous solution of 
the methiodide was shaken with an excess of silver carbonate, and 
the dark red filtrate evaporated to dryness under reduced pressure 
on the water-bath. The residual dark red glass (not purified) was 
dissolved in water, and mixed with 50% potassium hydroxide 
solution; brucidine methohydroxide then separated in crystalline 
form, and was recrystallised from a little water in colourless needles, 
m. p. 268° (decomp.). 

The specimen obtained from the reduction of methylbrucine was 
converted into brucidine methiodide either (i) by adding sodium 
iodide to a solution in dilute hydrochloric acid, or (ii) when a solu¬ 
tion of the methohydroxide (4 g.) and methyl iodide (10 c.e.) in ethyl 
alcohol (30 c.c.) was boiled for 10 minutes, and then cooled. In 
either case, the crystalline precipitate which separated was recrystall¬ 
ised from water, and formed colourless needles, m. p. 322° (decomp.) 
(Found: C, 55*1; H, 6*1, C 23 H 28 0 $ N 2 ,MeI requires C, 55-2; , 

5*9%). The identity of this substance with brucidine 
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(see below), which is formed by heating brucidine metho-salts with 
methyl-alcoholic potassium hydroxide. Brucidine methoehloride 
(not purified), prepared by shaking with an excess of silver chloride 
an aqueous solution of the methiodide obtained above, and evaporat¬ 
ing the filtrate to dryness under reduced pressure on the water-bath, 
was heated with a large excess of 25% methyl-alcoholic potassium 
hydroxide for 30 minutes, cooled, mixed with water, and the preci¬ 
pitate collected. Crystallisation from ethyl alcohol yielded colour¬ 
less needles, m. p. 115° either alone or mixed with an authentic 
specimen of methoxymethyldihydrobrucidine. 

Methoxymeihyldihydrobrucidine .—A mixture of brucidine metho- 
sulphate (30 g.) and methyl-alcoholic potassium hydroxide (150 c.c. 
of 25%) is heated on the water-bath for 30 minutes in an open 
flask so that the methyl alcohol partly evaporates. The initial 
yellow solution gradually clouds and deposits a solid precipitate 
which increases on cooling in running water. Water (500 c.c.) is 
added, and the precipitate is collected after 1 hour, washed with 
water, and dried roughly on porous tile. The crude product is 
crystallised from ethyl alcohol, from which about 20 g. of pure 
material separate, and the addition of water to the mother-liquor 
yields a further quantity of practically pure substance (total yield, 
ca. 90%). M ethoxymethyldihy drobriccidine forms colourless 
needles, m. p. 115° without decomp, after drying in a vacuum 
[Found; C, 70*2; H, 7*8; GMe, 21-9. requires C, 

70-4; H, 8-0; (OMe) s , 21-8%]. It distils without decomposition at 
265—267°/l-5 mm., and is rather readily soluble in the usual solvents 
except light petroleum. A solution in glacial acetic acid is not pre¬ 
cipitated on addition of water. The base and its solutions become 
red on keeping, especially if exposed to laboratory fumes. 

The dihydriodide . The addition of sodium iodide to a solution 
of methoxymethyldihydrobrucidine in dilute sulphuric acid produces 
a red, uncrystallisable oil, which rapidly oxidises, but when con¬ 
centrated sodium iodide solution is added slowly with constant 
stirring to a solution of the base (5 g.) in 2A-sulphuric acid (20 c.c.), 
saturated with sulphur dioxide, an additive compound separates as 
a brick-red oil which soon crystallises on rubbing. This is collected 
(approximately 8 g.), and boiled with water until the orange colour 
of the solution and the smell of sulphur dioxide have disappeared; 
the dihydriodide then crystallises on cooling in colourless leaflets. 


m. p. 217—218° (decomp.) (loss at 100°, 3*5. lpigO require loss, 
Fonpd in material dried at 100°: C, 43*8; H, 5*3. 
requires C, 44*0; H, 5*3%). The crystals become 
keeping,on exposure, or on drying, and when heated char 
hydrogen iodide. • 
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The methiodide (4). This substance is obtained under the 
following conditions, (i) Methoxymethyldihydrobrucidine (10 g.) 
and pure methyl iodide (15 c.o.) are heated together at 100° in a 
sealed tube for 5 minutes. The solution becomes purple and fills 
with crystals, which are collected after cooling, washed with methyl 
iodide, and dried in a vacuum (12 g.). The mother-liquors deposit 
a further amount (1 g.) on standing over-night. The yield is about 
98%.. (ii) A mix ture of methoxymethyldihydrobrucidine (15 g.) 
and methyl iodide (15 c.c.) is boiled under reflux for 15 minutes, and 
riavt. day 13—15 g. of crude product are collected. The methiodide 
obtained by either method separates from methyl alcohol in creamy 
tablets which become chalky when dried in a vacuum; m. p. 190° 
(loss at 100°, 2-6. 0*5MeOH requires loss, 2-8%. Found in 
material dried at 100° : C, 55-1; H, 6-5; N, 4-9. 
requires C, 55-0; H, 6-5; N, 4-9%). It crystallises from water in 
stout prisms, m. p. 190°, or from ethyl alcohol in rectangular plates, 
m. p. 179°, which contain alcohol of crystallisation (loss at 100°, 
3-6. 0*5EtOH requires loss, 3-9%. Found in dried material: 
C, 65*2; H, 6-7%). It yields the methochloride (A) when treated 
with silver chloride (see below). 

The methyl-alcoholic mother-liquors gradually deposit a very 
small amount of crystalline material which does not contain iodine. 
This is recrystallised by dissolving it in much methyl alcohol and 
concentrating the solution; oxymethoxymethyldihydrdbrueidine then 
separates in pink bipyramids, which shrink at 270° and melt at 277° 
(decomp.) (Found: C, 67-3; H, 7-6. C 25 H 31 0 5 Is 2 requires 0, 67*9; 
H, 7*7%). The same substance may be obtained in greater quantity 
by a simpler method. When a solution of methoxymethyldihydro¬ 
brucidine in ethyl alcohol containing a few crystals of iodine is 
exposed to the air for some days, the solution becomes deep crimson, 
and gradually deposits oxymethoxymethyldihydrobrnoidine as 
pale pink, perfectly formed prisms, which soften at 270°, melt at 
277°, and are analytically pure (Found: C, 67-6; H, 7*8; N, 6*1. 
CasHjiOjNa requires N, 6*3%). It is very sparingly soluble in ethyl 
alcohol or acetone, but dissolves in warm benzene, and is readily 
soluble in chloroform. It is insoluble in boiling water or sodium 
hydroxide, but dissolves readily in dilute hydroohlorio aoid. When 
it is boiled with methyl alcohol (charcoal) and the filtered solution 
is concentrated, a slightly more soluble base separates in irregular, 
boat-shaped crystals, m. p. 270° (deoomp.), which appear from the 
analysis to be dioxymethoxymethyldihydrobrucidine (X) (compare 
pp. 1647, 1648) (Found: 0, 65-5; H, 7*4. require* 

C,65*5; H, 7*4%). ■ -V 

When methoxymethyldihydrobrucidine and methyl iodide 
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act in methyl-alcoholic solution the reaction follows a course very 
similar to that, described above, in the absence of methyl alcohol, 
and the chief product is the monomethiodide (A), accompanied by 
small quantities of oxymethoxymethyldihydrobrucidine (compare 
Part IV, this vol., p. 1607). In addition to these substances, an 
intermediate base, m. p. about 210—218°, appears to be formed. 
This does not contain iodine, and changes into oxymethoxymethyl- 
dihydrobrucidine in boiling methyl alcohol or acetone, in which 
solvents it is sparingly soluble. This substance was not obtained 
sufficiently pure for analysis, and the change evidently takes place 
so readily that the intermediate product did not appear in some 
experiments, but had been completely converted into oxymethoxy- 
methyldihydrobrucidine. The following is an account of an experi¬ 
ment in which the intermediate base* was formed. A mixture of 
methoxymethyldihydrobrucidine (5 g.) and methyl iodide (5 c.c.) 
in methyl alcohol (25c.c.) was boiled under reflux for 3 hours, and then 
concentrated to half its volume. The residue was cooled for 
several hours in ice and salt, and the crystals which had separated 
were collected, washed with methyl alcohol, and dried (3 g.). The 
mother-liquors were examined separately (see below). The crude 
crystals were extracted with boiling methyl alcohol (20 c.c.), and 
the insoluble portion was collected, washed thoroughly with methyl 
alcohol, and dried (02 g.). It consisted of indefinite crystals, 
m. p. 210°, which did not contain iodine. The methyl-alosholic 
extract contained practically pure methiodide (A). 

The methyl-alcoholic mother-liquors (see above) were mixed with 
water, and the solid was collected and extracted with boiling methyl 
alcohol. The insoluble portion (0-1 g.) formed indefinite crystals, 
m. p. 218°, which did not contain iodine. Oxymethoxymethyl- 
dihydrobrucidine separated in the characteristic bipyramids, m. p. 
277°, when a solution of the mixed fractions, m. p. 210° and 218°, iii 
much boiling methyl alcohol was concentrated and cooled. 

The Action of Methyl-alcoholic Potassium Hydroxide on the 
Methiodide (A) and the Methochloride (A).—The reaction follows the 
same course in both cases, but takes place more readily with the 
methochloride. This is prepared from the methiodide by heating an 
aqueous solution with excess of silver chloride for 1 hour, and 
evaporating the filtrate to dryness on the water-bath under reduced 
pressure. The gummy methochloride crystallises in colourless needles 
on standing for some days. The methochloride (7 g.) and methyl- 
alcoholic potassium hydroxide (60 c.c. of 25%) are heated in an open 
flask on the water-bath for 40 minutes, and after cooling and addi- * 
tion of water, the precipitate is collected and dried in a desiccator 
15>g.)« Recrystallisation of this crude material from ethyl alcohol 
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yields colourless needles; m. p. 115°, either alone or mixed with a 
specimen of methoxymethyldihydrobrucidine (Found: C, 70-6; 
H, 7*8; OMe, 21*4%). A careful examination of the mother- 
liquors yields no other product. 

Methoxymethyldihydrobrucidine meihochloride ( B ) cannot be 
obtained directly from methoxymethyldihydrobrucidine, but it is 
formed when methoxymethyldihydrobrucidine dimethochloride (B) 
(compare p. 1647) (15 g.) is heated in boiling nitrobenzene (30 c.c.) 
until all has dissolved and the evolution of gas appears to have 
ceased—10 to 15 minutes. After standing over-night, the crystals 
which have separated are collected, washed with light petroleum, 
dried in a desiccator (10 g.), and crystallised from acetone, being 
thus obtained in colourless prisms, m. p. 164° (decomp.) (Found: 
C, 64*9; H, 7*4. C 25 H 34 0 4 N 2 ,MeCl requires C, 65*5; H, 7*8%). 
This substance yields methyl-i/'-brucidine when heated gently in a 
test-tube over a free flame (compare p. 1651). The nitrobenzene 
mother-liquors contain both methyl-i^-bnicidine and methyl- 1 //- 
brucidine methochloride; their examination is described on p. 1652, 

The methiodide (B) is prepared from the methochloride with 
sodium iodide, but has not been obtained in any other way. It 
crystallises from water in colourless, coarse prisms, m. p, 291° 
(decomp.), and is less soluble in water and methyl or ethyl alcohol 
than the isomeric methiodide (A). 

The dimethiodide (A) is obtained when methoxymethyldihydro¬ 
brucidine (5 g.) and pure methyl iodide (10 c.c.) are heated in a 
sealed tube in an oil bath at 135—140° for 7i hours. After removal 
of the methyl iodide by distillation, the brown, sandy powder 
(8*5 g.) is crystallised from methyl alcohol (charcoal), from which 
the dimethiodide (4‘5 g.) separates in pink leaflets which become 
colourless at 110°, form a pasty mass at 215°, and evolve gas freely 
at 230° (loss at 110°, 8*6. 2MeOH. requires loss, 8*3%. Found 
in material dried at 110°: C, 45*3; H, 5*5. C 22 ,2MeI 


requires C, 45*6; H, 5*6%). 

The methosul'phate (A) is formed when a solution of methoxy¬ 
methyldihydrobrucidine (3 g.) and pure methyl sulphate (10 c.c.) in 
dry benzene (70 c.c.) is boiled under reflux for 4 hours and allowed 
to remain over-night. A mixture of stellar aggregates of coarse 
crystals and a purple gum separates, and the crystals of the 
monomethosulphate arc easily detached and 'pressed on porous 
tile (1*7 g.). The gum consists essentially of the dimetho- 
sulphate (B) (see below). The methosulphate is crystallised from 
ethyl alcohol, in which it is rather readily soluble, and forms 


colourless, rectangular plates, m. p, 231—232° (decomp.) (Founds 
S, 6’0. CggH^O^jMegSO^ requires S, 5*8%). This aubft^||g| 





L646 GOTLAND, PERKIN, AND ROBINSON ; 

very soluble in water and is converted by sodium iodide into the 
methiodide (A), hi. p. 190°. 

The Dimethosulphate ( B ) and the DimetModide (B ),—A solution of 
carefully dried methoxymethyldihydrobrucidme (60 g.) and pure 
methyl sulphate (150 c.c.) in dry benzene (500 c.c.) is boiled for 9 
hours under reflux, carefully protected from moisture. It rapidly 
becomes purple, and after some time a brown gum forms slowly and 
increases steadily with diminution of the purple colour. After the 
benzene has been decanted, the gum is washed with benzene, and 
freed from excess of the solvent by a current of air. It undoubtedly 
consists essentially of the dimethosulphate (5), although traces of 
benzene and methyl sulphate are still present, but all attempts to 
crystallise it are unsuccessful, and it is therefore converted into the 
corresponding dimethiodide by sodium iodide. Sodium Iodide 
(100 g.) in warm water (40 c.c.) is added to the dimethosulphate in 
warm water (100 c.c.) and, after cooling, the mixture is scratched 
and set aside over-night. The crystalline precipitate is collected, 
washed with water, dried in a vacuum desiccator (84 g.), and re¬ 
crystallised from water. The dimethiodide (B) forms colourless 
columns, m. p. 290° (decomp.), with darkening below this, and is 
sparingly soluble in alcohol (loss at 105°, 1*0. JH 2 0 requires loss, 
1*2%. Found in dried material: C, 45*0; H, 5*5. C^gH^O^^Mel 
requires C, 45*6; H, 5*6%). 

The mother-liquors from the precipitation with sodium iodide 
are mixed with 50% potassium hydroxide solution; the caseous 
precipitate then soon hardens. It is washed roughly with water, 
and boiled with alcohol, which causes it to crystallise without 
passing into solution. After cooling, the crystals are collected 
(13: g.), and recrystallised from water, being obtained in colourless 
columns, m. p. 290° (decomp.), identical with those obtained by 
direct precipitation from the solution of the dimethosulphate with 
sodium iodide (loss at 105°, 1*1%. Found in dried material: 
0, 45*5; H, 5*4%). The total yield is 97 g., or 96% of that 
theoretically possible. 

The dimethiodide is stable to 25% methyl-alcoholic potassium 
hydroxide at 120°, but reaction takes place with the corresponding 
dimethohydrogensulphate obtained by means of silver sulphate. 
The dimethiodide (10 g.) in water (75 c.c.) is heated on the water- 
fedihfor 1 hour with excess of silver sulphate, the filtrate is evaporated 
to dryness under reduced pressure on the water-bath, the residue 
taken up in methyl alcohol to eliminate silver sulphate, and the 
solution again evaporated to dryness. The g umm y dimetho- 
hydmgeiBulphate thus obtained (not isolated) is mixed with methyl- 
; hydroxide (100 c.c. of 25%) and heated in an 
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oil-bath for 45 minutes while the temperature is gradually raised 
from 110° to 130°. After cooling and addition of water, the 
roughly dried, sandy powder is crystallised from ethyl alcohol, and 
shown to be identical with methoxymethyldihydrobrucidine by 
mixed mu p., and by conversion into the methiodide (A), m, p. 190°. 

The dimethochloride (. B ), prepared in the usual way from the 
dimethiodide by silver chloride, is a colourless glass which could not 
be crystallised* 

Nitromethoxymethyldihydrobrucidine. —A solution of methoxy¬ 
methyldihydrobrucidine (3 g.) in water (75 c.c.) and nitric acid 
(d 1*4; 7*5 c.c.) is heated under reflux on the water-bath for 2 hours. 
From the cooled mixture, ammonia (d 0-880) precipitates a negli¬ 
gible quantity of a base, which is discarded, and the addition of 
50% potassium hydroxide solution yields a mixture of tar and 
crystals which is pressed on porous tile, crystallised twice from ethyl 
alcohol, and dried in a desiccator. N itromethoxymethyldihydro- 
brucidine forms colourless needles, m. p. 276—278° (decomp.), which 
contain alcohol of crystallisation (loss at 110°, 9-6. lEtOH requires 
loss, 9-8%. Found in material dried at 110°: C, 63-9; H, 7-0; 
N, 9-2. requires C, 63*7; H, 7-1; N, 8-9%). It is 

rather curious that this substance exhibits the brucidine reaction 
with 60% sulphuric acid and potassium dichromate. 


Permanganate Oxidation of Methoxymethyldihydrobrucidine . The 
Isomeric Dioxymethoxymethyldihydrobrucidines ( Y) and (£/). • 


A number of experiments showed the necessity of adhering to the 
conditions described below. Powdered (80-mesh) potassium per¬ 
manganate (20 g.; 4 atoms of oxygen) is added gradually to a 
solution of methoxymethyldihydrobrucidine (20 g.) in purified 
acetone (800 c.c.), stirred mechanically, and cooled in ice and salt 


so that the internal temperature remains at —10°. The manganese 
precipitate, collected and washed with acetone, yields with water a 
solution in which only oxalic acid cambe detected. 

The removal of the acetone by distillation yields 12—15 g. of thick, 
brown oil. When this is dissolved in warm alcohol (15 c.c.), cooled* 
and scratched, 2-5—2*8 g. of fairly pure crystalline material separate. 
(The examination of the mother-liquors, called M, is described on 
p. 1648.) Recrystallisation from ethyl alcohol yields colourless 
prisms, m. p. 185—186°, which appear from the analyses to be 
dioxymethoxymethyldihydrobrucidine (called Y; compare p. 1643) 
(loss at 100°, 4*4. |EtOH requires loss, 4*8%. Found in dried 


material : C, 65-3 ; H, 7-6 ; N, 6*3. C^Hi^OeNa requires C, ®4i 
H, 7-4; N, 6*1%). This substanceis iiMqSUaM 
readily dissolves'in dilute hydrochloric acid, givitfg & 
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on addition of ammonia, the base is precipitated and the colour 
changes to red. The compound is recovered unchanged after 
% boiling for a few minutes with acetic anhydride, and attempts to 
form a semicarbazone resulted in a dark red, uncrystallisable oil. 
The methiodide is prepared by heating the base (2 g.) and methyl 
iodide (3 c.c.) in a sealed tube at 100° for 5 hours. The residue is 
pressed on porous tile, and separates from ethyl alcohol as a mixture 
of plates and needles, m. p. 223°. On recrystallisation from ethyl 
alcohol, both forms separate again, but when the mixture is boiled 
with insufficient alcohol for complete solution, the needles dissolve 
more rapidly, and ultimately the undissolved portion consists of 
plates only. These are collected and recrystallised, by seeding, 
from ethyl alcohol, separating in colourless plates, m. p. 226—226°, 
which lose nothing at 110° (Found: C, 52*3; H, 6*4. C 25 H M 0 6 N 2 ,MeI 
requires C, 52*0 ; H, 6*2%). When the hot alcoholic solution from 
the separation of plates and needles is cooled and set aside, it 
begins to deposit needles only, and on scratching, the material 
separates entirely in that form; but if allowed to remain undis¬ 
turbed, the mixture of crystals again separates. The needles are 
recrystallised in the same form, m. p. 223—224°, from ethyl alcohol, 
and contain 2 molecules of alcohol of crystallisation after drying in 
a vacuum desiccator (loss at 110°, 12*1. 2EtOH requires loss, 
13-3%. Found in material dried at 110°: 0, 52*2; H, 6*4%). 
Both forms are sparingly soluble in ethyl alcohol, and a hot solution 
of each in that solvent, when cooled and seeded with the other form, 
deposits only that by which it has been seeded. A mixture of the 
two pure forms melts at 223°. 

The alcoholic mother-liquors (M; p. 1647) are evaporated to dry¬ 
ness, and a filtered, aqueous solution of the residue is made strongly 
alkaline with potassium hydroxide. The oil thus precipitated is 
extracted as far as possible with ether, and the extract dried with 
potassium carbonate. The oil which remains undissolved in the 
ether yields no crystalline product, and is discarded. The oily 
residue from the evaporation of the ether is dissolved in ethyl 
alcohol (5 c.c.), cooled in ice and salt, and scratched frequently; 
crystals (3*2 g.) then separate slowly. Three recrystallisations from 
ethyl alcohol yield colourless, square plates, m. p. 110—111 0 after 
drying in a vacuum desiccator, which appear from analysis to be a 

(called Z) (loss at 100°, 4*0. 
JEtOH requires loss, 4*8%. Found in material dried at 100°: 

66*1; H, 7*6, 7*5 ; N, 5*8. C 25 H340 6 N 2 requires 0, 65*5; 
i H, 7*4; N, 6* 1%). This substance is sparingly soluble in cold water, 
;|; d^sp|v^ readily on heating to give a neutral solution, and on cooling 
.colourless,, rectangular prisms. It is readily soluble in 
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the usual organic solvents except light petroleum, from which it 
crystallises when a hot solution is cooled, and gives the same colour 
reactions as methoxymethyldihydrobrucidine. It dissolves rapidly 
in cold dilute hydrochloric acid, but no iodide separates with 
sodium iodide. The compound is recovered unchanged after 
heating with excess of methyl iodide in a sealed tube at 100° for 
4 hours, and an alcoholic solution does not form a sparingly soluble 
picrate. 

Ethoxymethyldihydrobrucidine. —This substance was prepared in 
order to ascertain whether alkyloxy-groups other than methoxyl 
can be introduced into brucidine. The action between brucidine 
methosulphate and sodium ethoxide follows a similar course to 
that described onp. 1642 with methyl-alcoholic potassium hydroxide, 
but the isolation of the product was not successful, and further 
investigation was abandoned. Brucidine methosulphate (15 g.) 
and a solution of sodium (10 g.) in ethyl alcohol (150 c.c.) were 
heated in an open flask for 1 hour on the water-bath and then for 
1 hour in an oil-bath at 120°. After cooling and addition of water, 
the sticky precipitate was pressed on porous tile. Attempts to 
crystallise the sandy powder (10 g.) thus obtained were fruitless, 
although it probably consisted of ethoxymethyldihydrobrucidine, 
and it was converted into the methiodide by boiling with excess of 
methyl iodide in ethyl alcohol (15 c.c.) for 20 minutes. On cooling, 
the purple solution set to a mass of crystals, which were washed with 
alcohol until they became colourless. Ethoxymethijldihydrobrucidine 
methiodide, recrystallised from ethyl alcohol, forms colourless 
needles, m. p. 176° (decomp.) (Bound: 0, 55-6; H, 7*1. 
C 2Q H 36 0 4 N 2 ,Mel requires C, 55*6; H, 6*9%), 

Methylneobrucidinium, Salte. 

MethylneobrucMiniuni Iodide .--When a solution of methoxy- 
methyldihydrobrucidine (25 g.) in sulphuric acid (250 c.c. of 10% 
by weight) is boiled gently under reflux for 24 hours it becomes red, 
and methyl alcohol is evolved and can be burnt at the neck of the 
flask. The solution is cooled, rendered alkaline with ammonia (no 
precipitate), and just acidified with sulphur dioxide. The careful 
addition of concentrated sodium iodide precipitates a crystalline 
iodide {22 g.), which separates from water in stout, pink columns, 
m. p. 298° (decomp.) (Bound: 0, 55*3;, H,>0. C a ft0 8 U 2 I 
requires C, 55*2; H, 5*9%). When prepared in this way, the salt 
is always red; it may, however, be obtained practically colourless 
by crystallisation from aqueous potassium carbonate, or 
alcohol, from which it separates in leaflets, m. p. 208° : 

It is sparingly soluble in cold water, acetone, or methyl M 
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alcohol, and crystallises unchanged when a boiling solution in 30% 
potassium hydroxide is cooled. 

The mother-liquors from the precipitation by sodium iodide (see 
above) were investigated in the expectation of isolating an isomeric 
iodide (compare methyl^ostrychnidinium iodide, this vol., p. 1612), 
but only a further quantity of the same methyb&cobrueidinium 
iodide was obtained, the total yield being 90% of that theoretically 
possible. The mother-liquors are concentrated to quite a small 
volume under reduced pressure on the water-bath, and after cooling, 
the aqueous layer is decanted from the oil which has separated during 
the distillation. This oil crystallises on being boiled with a little 
acetone; part dissolves, crystallisation begins suddenly, and the oil 
soon changes into a mass of colourless needles. After cooling, these 
are collected, washed with acetone, and dried (6 g.); m. p. 295° 
(decomp.). One recrystallisation from water yields the iodide in 
colourless, prismatic columns, m. p. 298° (decomp.). The identity 
of this substance with the methyteecbrucidinium iodide obtained 
above was shown by seeding an aqueous solution with a crystal of 
the authentic material. 

Methylneolrucidinium chloride is prepared from the iodide in 
the usual way by silver chloride. When sulphur dioxide is passed 
into the dark red filtrate after this has been concentrated on the 
water-bath under reduced pressure, slightly sticky, yellow needles 
separate; these are triturated with hot acetone, which causes the 
compound to crystallise in beautiful prisms. Methyl^eobrucidinium 
chloride crystallises from absolute alcohol, in which it is rather 
readily soluble, in colourless, anhydrous needles, m. p. 188°, which 
absorb moisture on keeping and then melt at about 163°. On 
addition of ether to an alcohol-acetone solution, the chloride forms 
pale yellow, waxy prisms, m. p, 163°, which retain a molecule of 
water of crystallisation after being heated at 100° (Found : O, 63-9; 
H, 7-5. ■ 0 34 H 31 O s N' 2 Cl a H 2 O requires C, 64*2; H, 7*4%). It dis¬ 
solves readily in water, and is precipitated unchanged as a rapidly- 
crystallising oil by 50% potassium hydroxide solution. The 
colour reactions with ferric chloride in hydrochloric acid are identical 
with those given by methoxymefliyldihydrobrucidine, and are also 
produced by silver nitrate in dilute nitric acid, whilst the addition 
of a; drop of potassium dichromate to a solution in 60% sulphuric 
acid develops a yellowish-brown colour which does not alter on 
standing. After the chloride has been heated with 25% methyl- 
alcoholic potassium hydroxide on the water-bath for 30 minutes in 
the usual way, the addition of water precipitates a base, which 
grystailisee from ethyl alcohol in colourless needles, m. p. 115°; the 
melts at the same temperature in admixture with methoxy- 
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methyldffiy dr obr ucidine. The chloride yields methyl-^-brucidine 
when heated (see p. 1652). In order to test the possibility of reducing 
methylfteobrucidinium salts, the sulphuric acid solution obtained 
directly from methoxymethyldihydrobrucidine was reduced in the 
usual apparatus for 18 hours with a current of 4*5 amps. The con¬ 
tents of the colourless solution, which began to redden as soon as the 
current was switched off, were isolated as the iodide in the manner 
described above. This iodide formed colourless prisms, m. p. 298° 
(decomp.), which were identical with a very pure specimen of methyl- 
tteobrucidimum iodide (Found : C, 55*6; H, 6-0%). The fact that 
reduction had not taken place was confirmed by converting the 
corresponding chloride, m. p. 188°, into methyl-^-brucidine by heat¬ 
ing* 

Methyl-xjs-brucidine .—This substance is prepared either (i) from 
methoxymethyldihydrobrucidine dimethochloride (B) or (ii) from 
methybieobrucidinium chloride. 


(i) Methoxymethyldihydrobrucidine dimethochloride (B) (27 g.), 
free from inorganic material, is heated gently over a flame in test- 
tubes in batches of 3 g. until the evolution of methyl chloride and 
inflammable gas ceases. The clear, glassy residue is dissolved in 
benzene, the solution filtered from a little charred material, and the 
solvent distilled; the crystalline solid (16*5 g.), m. p. 194°, thus 
obtained is recrystallised from ethyl alcohol. Pure methyl 
brucidine forms colourless tablets, m. p. 198—199° without decom¬ 


position [Found: C, 72*8; H, 7-7; N, 7-4; OMe, 15*7; M, in 
camphor, 430. C^H^Ng requires G, 73*1; H, 7*6; N, 7*1 ; 
(OMe) 2 , 14*9%; M } 394]. It is, however, often green, melting at 
about 196°, but in this condition is sufficiently pure for most purposes. 
It is insoluble in water, readily soluble in benzene, acetone, and 
dilute acetic acid, and is stable to boiling 20% potassium hydroxide 
solution. A solution in dilute sulphuric acid instantly decolorises 
permanganate, forming the characteristic green solution with the 
pink tinge which is also produced by ferric chloride in dilute hydro¬ 
chloric acid or ethyl alcohol. The base is recovered unchanged after 
being electrolysed in 25% sulphuric acid for 9 hours with a current 
of 4*5 amps, in the usual apparatus, or after being shaken in cold 
dilute acetic acid solution in an atmosphere of hydrogen in presence 
of reduced palladous chloride and gum arabic. 

The dihydriodide , prepared by adding sodium iodide to a solution 
of the base in dilute hydrochloric acid, crystallises from water in 
leaflets, m. p. 259° (decomp.) (Found in material dried at 100°: 

15 C 24 H^ 2 ,2HI requires C, 44*3; H, 4*9%). 

The methiod%de is formed (a) directly torn ■, 
or (6) from methoxymethyldihydrobruai d m A dim ^thocMorid^ 
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(а) Powdered methyl-i^-brucidine (1 g.) and methyl iodide (3 c.o.) 

react at once in the cold to form a jelly which rapidly crystallises. 
The methiodide, obtained thus in theoretical yield, separates from 
methyl alcohol in colourless plates, m. p. 297° (decomp.) (Found : 
C, 55-8; H, 6*1. C 24 H 30 O s N 2 ,MeI requires C, 55-9; H, 6-1%). 
Occasionally it crystallises in needles, m. p. 297°, which change 
slowly into plates in presence of methyl alcohol. ° 

(б) The nitrobenzene mother-liquors from the action of boiling 

nitrobenzene on methoxymethyldihydrobrucidine dimethochloride 
(B) (compare p. 1645) contain a small quantity of methyl-^-brucidine 
methochloride and also a little methyl-i^-brucidine, and these are 
removed separately by extraction first with water and then with 
dilute hydrochloric acid. The methochloride was not isolated fr om 
the aqueous extract, but was converted by sodium iodide into the 
methiodide. The crystalline solid thus formed crystallised from 
ethyl alcohol in colourless needles, m. p. 297° (decomn) (Found • 
C, 56-1; H, 6-2%). . ' 

The identity of these two specimens of the methiodide was shown 
by causing a solution of (6) in methyl alcohol to deposit plates on 
seeding with (a), and also by seeding an ethyl-alcoholic solution of 
(a) with (6), when the methiodide separated in needles. 

The Formation of a By-‘product by the Action of Beat on Methoxy¬ 
methyldihydrobrucidine Dimethochloride (B).— When the dimetho¬ 
chloride is contaminated by inorganic matter, e.g., sodium chloride 
if the silver chloride used in its formation has been prepared from 
sodium chloride, the yield of methyl- i/--brucidine is lowered, pyridine 
bases are formed during the heating, and a by-product is obtained. 
For example, the dimethochloride (30 g.), containing some sodium 
chloride, yielded a benzene extract containing pure methyl-^- 
brucidine (10 g.) together with a residue insoluble in benzene (4g.). 
The investigation of this substance is at present in progress and the 
results already obtained show that we have encountered here an 
important degradation by fission of the brucine molecule. 

Methyl-\j/-brucidine (ii). This base is also obtained by heating 
methylmeobrucidinium chloride in an oil-bath at 200—210° until 
effervescence ceases. The dark brown glass is dissolved in dilute 
acid, and the base is precipitated by potassium hydroxide and crystall¬ 
ised from ethyl alcohol. It forms tablets, melting, either alone or 
mixed with an authentic specimen of methyl-^-brucidine, at 198°. 

Permanganate Oxidation of Meihyl-ifi-brucidine. 

-Brucidone Semicarbazone. —Powdered potassium permanganate 
5 atomsof oxygen) is added gradually to methyl-f-brucidine 
ice-cold, mechanically-stirred acetone (500 c.o.) j the oolour 
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of the permanganate disappears slowly, and oxidation seems to be 
complete at the end of the addition. The manganese precipitate is 
filtered off, but yields no solid product. Removal of the acetone 
leaves a pale yellow, gummy residue (4 g.), which has not been 
obtained crystalline, and which yields only oily products when 
heated with methyl-alcoholic potassium hydroxide, or when dis¬ 
solved in concentrated sulphuric acid (compare strychnidone, this 
vol., p. 1615). It is therefore converted into the semicarbazone by 
boiling a solution of the gum, semicarbazide hydrochloride (34 g.), 
and potassium acetate (3*4 g.) in aqueous alcohol undgr reflux for 
1| hours. Water is added, the alcohol distilled off under reduced 
pressure, and the crystalline precipitate, which forms during the 
distillation, is recrystallised from ethyl alcohol, being obtained in 
colourless needles which shrink at 210° and evolve gas at 226°, 
without complete fusion (loss at 100°, 13*1. lpitOH requires loss, 
12*8%. Pound in dried material: C, 60*8; H, 7*0; N, 15*1. 
C 24 H 31 0 5 N 5 requires C, 61*4; H, 6*6; N, 14*9%). This » 
carbazone is very sparingly soluble in cold methyl or ethyl alcohol 
Prom the analyses, it appears to be the monosemicarbazone of a 
ketone derived from methyl-^-brucidine by the loss of CH 2 and its 
replacement by O, and the further introduction of one oxygen atom. 

The unsharp melting point suggested that this material might be 
a mixture, and fruitless efforts were made to obtain pure com¬ 
ponents by repeated crystallisation from methyl or ethyl alcohol 
The melting point remained unaltered. Purification was also * 
attempted by extracting the substance with boiling methyl alcohol 
in sufficient quantity to dissolve only half, filtering the hot solution 
from the residue A , allowing it to deposit a second fraction B on 
cooling, and obtaining a third fraction O when the mother-liquor 
had remained over-night. A was recrystallised, and the mother- 
liquor yielded a very small fraction, I), on standing over-night. 
These fractions all formed colourless needles, which were dried in 
a vacuum desiccator, and the analyses agreed well with the formula 
already suggested (see below). On the other hand, the specimens 
differ in melting point and contain different amounts of solvent of 
crystallisation. (A) shrinks at 200°, melts at 220—225° (decomp,), 
and is not changed by recrystallisation (loss at 100°, 2*3. pleOH 
requires loss, 3*3%, Pound in material dried at 100°: 0, 62*0; 
H,6*5%). (£) shrinks at 245°, melts at 257° (decomp.), and is not 
changed by recrystallisation (loss at 100°, 114. 2MeOH requires 
loss, 12*0%. Found in dried material: C, 61*6; H, 6*6%). (C) 
shrinks at 200° and melts at 235° (decomp.); there was not enough- 
for recrystallisation (loss at 100°, 7*5, IMeOH Requires 
64%. Pound in.dried material :; 
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0*0327 g., shrinks at 195° and melts at 245° (decomp.) (loss at 
100°, 10*4%. Found in dried material: C, 59*7; H, 6*5%). 

It is possible that brucidone is a mixture of isomerides or that the 
semicarbazone group introduces geometrical isomerism. 

Methoxymethyltetrahydrobrucidine. —A solution of methoxy¬ 
methyldihydrobrucidine (20 g.) in sulphuric acid (200 c.c. of 20%) 
is reduced in the usual apparatus for 16 hours with a current of 
5 amps., the temperature being kept at 18° by cooling in water. 
The methoxymethyldihydrobrucidine may be used in the crude 
condition ii* which it is obtained when water is added to the product 
of the interaction of brucidine methosulphate and methyl-alcoholic 
potassium hydroxide. After the reduction, excess of ammonia 
(d 0*880) is added while the liquid is stirred and cooled in ice; the 
product is thus obtained as a finely divided solid, whereas precipit¬ 
ation without cooling yields a caseous mass which solidifies to a 
single hard lump. The precipitate is collected, washed, dried (18 g.), 
and crystallised from methyl alcohol, from which it separates in 
colourless needles (Found : C, 70-2; H, 8*3. C 25 H 36 0 4 hr 2 requires 
0,70*0; H, 8*4%). 

Methoxymethyltetrahydrohrucidine melts at 133—135° and distils 
without decomposition at 253°/2 mm. It is somewhat soluble in 
the usual solvents and crystallises in beautiful needles from light 
petroleum (b. p. 60—80°). It dissolves readily in dilute acetic or 
mineral acid, and does not redden on exposure nearly so quickly as 
methoxymethyldihydrobrucidine. Acetic anhydride seems to be 
without action; after the mixture has been boiled for a few minutes 
and water and excess of ammonia have been added, the base is 
recovered unchanged. 

The dihydriodide is prepared by adding concentrated sodium 
iodide solution to a solution of the base in 2A-sulphuric acid. On 
scratching, the dihydriodide separates in practically quantitative 
yield; it crystallises from water in colourless needles, which melt 
at 212° to a yehow froth (Found: I, 37*3. C 25 H 30 O 4 N 2 ,2HI 
requires I, 37*1%). It is sparingly soluble in ethyl alcohol, and 
becomes yellow on keeping. 

When a hot aqueous solution of the dihydriodide is treated with 
excess of silver chloride, and the filtrate is evaporated to dryness 
under reduced pressure on the water-bath, the dihydrochloride is 
obtained; as a colourless glass, which crystallises when ether is added 
carefully to a solution in alcohol-acetone. It forms rectangular 
plates, which are very soluble in water and evolve gas at 150° 
without melting completely. The residue is probably methylweo- 
; dihydrobruoid inium chloride, which is produced when the dihydro- 
HSferide is decomposed in boiling mesitylene (b. p. 165°) (see p. 1659). 
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The methiodide ( A) is prepared by heating the base (4 g.) and 
methyl iodide (5 o.c.) under reflux on the water-bath for 20 minutes; 
a crys talline precipitate is soon formed. The methyl iodide is 
distilled away, and the residue separates from ethyl alcohol in 
colourless leaflets (Found: C, 54-9; H, 7-2. C 25 H3 8 0 4 N 2 ,MeI 
requires C, 54-7; H, 6-8%). The methiodide dissolves rather 
readily in water. It melts at 166—167°, losing methyl iodide 
quantitatively (loss in an oil-bath at 165—170°, 24*9. 
C 25 H 36 0 4 N 2 ,MeI requires loss, 24-9%), and regenerating the base, 
m. p. 134°, which was identified by the mixed melting-point 
method. 

The methochloride {A), prepared in the usual way from the meth¬ 
iodide and silver chloride, forms a glassy mass. When it was 
heated with an excess of methyl-alcoholic potassium hydroxide at 
120° for 1 hour, and water was added, methoxymethyltetrahydro- 
brucidine was regenerated, and identified by the mixed melting- 
point method. 

The methiodide {B) is obtained by heating either (i) the dimeth- 
iodide (A) (p. 1658) or (ii) the dimethiodide (B) (p. 1656). 

(i) When methoxymethyltetrahydrobrucidine dimethiodide (A) 
is heated in an oil-bath at 230°, it melts and evolves methyl iodide 
quantitatively. The glassy residue crystallises from ethyl alcohol 
in flattened needles or leaflets, m. p. 298° (decomp.) (Found: C, 
54-9; H, 6’7. C 25 H 36 0 4 N 2 ,Mel requires C, 54-7; H, 6-8%). This 
substance is sparingly soluble in ethyl alcohol and in water and 
crystallises from the latter in characteristic prisms, m. p. 298° 
(decomp.), which become chalky when dried in a vacuum desicoator. 

(ii) Methoxymethyltetrahydrobrucidine dimethiodide (B) (1 g.) 
is heated gently in a test-tube over a flame until the evolution of 
methyl iodide ceases. If the heating becomes too vigorous, deep- 
seated decomposition takes place, and gases are evolved which 
bum with a luminous flame, partly condense on the cold part of the 
tube, and smell strongly of pyridine bases. The residue is crystall¬ 
ised from ethyl alcohol, and this purification is repeated if necessary 
until leaflets, m. p. 298° (deeomp.), are obtained. This methiodide 
{B) separates from water in colourless, characteristic prisms, ra, p. 
298° (decomp.) (Found: C, 55-1; H, 6-9; 1,22-4. 0 j25 H 8fi 0 4 K 2 ,MeI 
requires 1,22-3%). The identity of the specimens of the methiodide 
(B) obtained from the dhnethiodides (A) and (B) was shown by seed¬ 
ing an aqueous solution prepared in one way with a crystal prepared 
in the other way. 

The meihocMoride (£), prepared ir 
iodide and silver chloride, forms a 
heated in a test-tube over a flame 


i the usual way from the ®e^.; 
colourless glass. When ■ 

, it 
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chloride is split off, and no methyldihydrobrucidine can be isolated 
from the charred residue. When exposed to water vapour in a 
bell-jar, the glassy methochloride crystallises in sticky needles, 
which after being pressed on porous tile and dried in a vacuum 
desiccator, decompose without melting at about 210.° 

Methoxymethylietrahydrobrucidine Dimetho-salts. 

The Dimethosulphates (A) and ( B ).—Methoxymethyltetrahydro- 
brucidine reacts with methyl sulphate even more slowly than does 
methoxymethyldihydr obr u&idine. In this case no monometho- 
sulphate has been isolated. A solution of dried methoxymethyl- 
tetrahydrobrucidine {46 g.) and pure methyl sulphate (100 c.c.) in 
dry benzene (300 c.c.) is boiled on the water-bath under reflux for 
24 hours, carefully protected from moisture. The hot benzene is 
decanted, but the residual mixture of brown gum and needles (90 g.) 
still retains some methyl sulphate and a little solvent, even after 
being washed as thoroughly as possible with benzene, which is then, 
blown away in a current of air. This mixture must contain two 
dimethosulphates, (A) and (B), since it is converted into two dimeth- 
iodides, but attempts to isolate the dimethosulphates have been 
fruitless, and the mixture is therefore converted into the dimeth- 
iodides (A) and (B) by sodium iodide. 

The dimethiodide (B) is prepared by adding sodium iodide (100 g.) 
in warm water (40 c.c.) to a warm solution of the above mixture of 
dimethosulphates in water (60 c.c.). On cooling and scratching, 
crystallisation begins, and after 24 hours the solid is collected, 
washed with water, and dried in a vacuum (31 g.). (The mother- 
liquors contain the dimethiodide A together with a small quantity 
of the dimethiodide B, and their investigation is described on p. 
1658.) One recrystallisation from water (filter : see below) is usually 
sufficient for the purification of this product, although on a few 
occasions it had an unpleasant smell, which was first removed by 
grinding with cold ethyl alcohol. The dimethiodide (B) crystallises 
from water in prismatic needles, m. p. 287° (decomp.) (Found: 
C, 45-3, 454; H, 5-5, 5*7. 02 5 H3e0 4 N 2? 2MeI requires C, 45*5; 
H, 5*9%). It is sparingly soluble in cold water or methyl or ethyl 
alcohol, but dissolves readily in hot water. When an aqueous 
solution is saturated with sulphur dioxide, a yellow oil is formed 
which crystallises on standing. This additive product, which 
contains sulphur dioxide, is very sparingly soluble in cold water, 
but readily forms an orange solution on warming, which evolves 
sulphur dioxide when boiled and then becomes colourless. "When 
the colourless solution is cooled, the dimethiodide separates in a 
pure condition. The dimethiodide is very stable to alkali, and was 
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recovered in good yield after being heated with a large excess of 
25% methyl-alcoholic potassium hydroxide at 140° for 30 minutes. 

The crude precipitate of the dimethiodide is usually mixed with a 
small quantity of an ochreous, amorphous substance, which remains 
undissolved on recrystallisation of the precipitate from water. The 
amount of this by-product increases to about one-tenth of the 
weight of the dimethiodide if the solutions of the dimethosulphates 
and sodium iodide are boiling when mixed. The insoluble solid 
from the recrystallisation of the dimethiodide (see above) is crystall¬ 
ised fom methyl alcohol, hi which it is very sparingly soluble, by 
dissolving it in much boiling solvent (charcoal), concentrating the 
solution until crystallisation begins, and allowing it to cool. The 
substance thus obtained in purple-red, glistening prisms melts at 
230° (decomp.) and is a periodide of the dimethiodide (B) (Found : 

l, 55*6. C 25 H 36 0 4 N 2 ,2MeI,I 2 requires I, 52*6%). This periodide 
is slowly decomposed by boiling water; it is stable to cold dilute 
nitric acid, but is instantly decomposed on boiling, iodine being 
liberated. When sulphur dioxide is passed into an aqueous suspen¬ 
sion, the crystals change into a red gum, which is collected, and 
boiled with water until the solution becomes colourless and the smell 
of sulphur dioxide is no longer perceptible; on cooling, the dimeth¬ 
iodide (B) separates in colourless prisms, m. p. 287°, 

The dimethochloride (B) is prepared by heating an aqueous solu¬ 
tion of the dimethiodide (B) with excess of silver iodide, and evaporat- 
ating the filtrate to dryness* on the water-bath under reduced 
pressure. The colourless, crystalline mass thus obtained separates 
from ethyl alcohol in plates which melt to a froth and lose solvent 
at 138°, after drying in a vacuum desiccator. On further heating, 
the froth hardens and melts at 214°. After drying at 100°, the di¬ 
methochloride has m. p, 214° (decomp,) (loss at 100°, 8*5, lEtOH 
requires loss, 8*0%.- Found in dried material: Cl, 13*7. 

‘ CggHseO^Ng^MeCl requires Cl, 13*4%). 

The dimethochloride loses a molecule of methyl chloride when it 
melts at 214°, forming methoxymethyltetrahydrobrucidine metho- 
chloride (B). After heating at 245° in an oil-bath until the evolution 
of methyl chloride ceased, the residual glass, consisting of the metho- 
chloride (B), was converted into the methiodide by adding sodium 
iodide to an aqueous solution, and crystallising the precipitate from 
water. The methiodide (B) separated in the characteristic prisms, 

m. p. 298° (decomp.), which became chalky on drying (Found: 

C, 54*5; H, 6*8%). , : 

When the dimethochloride was heated in a test-tube at 300°, further ] 
decomposition took place, 
be isolated from the residue, 


No methyl-^-dihydrobrucidihe 
which consisted <^ly of charred m 
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if the heating was sufficiently prolonged to allow complete elimination 
of the methyl chloride. 

The dimethiodide (A) is obtained either (i) from the mother- 
liquors of the preparation of the dimethiodide (B), or (ii) by the 
direct combination of the base and methyl iodide, 

(i) The mother-liquors from the preparation of the dimethiodide 
(B) (p. 1656) are mixed with 50% potassium hydroxide solution; 
a caseous mass then separates, and soon hardens sufficiently to be 
pressed between porous tiles in order to remove as much alkali as 
possible. On boiling with a little ethyl alcohol, it becomes colourless 
and completely crystalline, without passing into solution to any great 
extent. The crystals are collected after several hours, washed with 
alcohol, and dried in a vacuum desiccator (33 g.). This product is 
essentially the dimethiodide (A), but contains also a little of the 
dimethiodide (B). In the first experiment, these were separated by 
fractional crystallisation from methyl alcohol, but later, when 
the properties of the dimethiodide (A) became known, the following 
process was found to be much more satisfactory. The mixture is 
dissolved in a little boiling water, and the solution is cooled, seeded 
with the dimethiodide (B), and set aside over-night. The remainder 
of the dimethiodide (B) separates in a practically pure state, and is 
collected, washed, and dried (5 g.). The filtrate now contains the 
dimethiodide (A), which is very soluble in water. It is saturated 
with sulphur dioxide while stirred continuously, and the yellow, 
crystalline additive compound which is formed is collected, washed 
with a little sulphurous acid, and dissolved in boiling methyl alcohol. 
After boiling for about 15 minutes, the solution becomes colourless, 
and is then concentrated to about 100 c.c. On cooling, the dimeth¬ 
iodide {A) crystallises in an almost pure condition, m. p. 230° 
(25 g,). (The yield of the combined dimethiodides A and B is 
about 81% of that theoretically possible.) One recrystallisation 
from methyl alcohol gives the pure product in stout prisms, which 
melt at 230—232° to a colourless froth (see below) (Pound: 0,45*1; 
H, 5*8. C 25 H 36 0 4 N 2J 2MeI requires C, 45*5; H, 5*9%). It dis¬ 
solves readily in cold water, but only very sparingly in methyl or 
ethyl alcohol. When it is heated at its melting point, a molecule 
of methyl iodide is liberated smoothly; the glassy residue crystall¬ 
ises from water in the characteristic prisms of the methiodide (B) 
(see p. 1655). 

(ii) A preliminary experiment showed that methoxymbthyl- 
tetrahydrohrucidine combines with only one molecule of methyl 
iodide at 100°, even when heated for long periods. When, however, 
the base (5 g.) and methyl iodide (10 c.c.) are heated in a sealed 
at 14B° for 24 hours, and the methyl iodide is distilled off, the 
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residual solid is the dimethiodide (. A ). After two recrystallisations 
from methyl alcohol, it forms stout prisms, m. p. 230°, which are 
identical in every way with the substance described above (Pound : 
C, 45*6; H, 6*0; I, 35*4. C 25 H 36 0 4 N 2 ,2MeI requires I, 35*7%). 

The dimethochloride [A), prepared from the dimethiodide in the 
usual way by silver chloride, forms a colourless glass which cannot 
be crystallised. When it is heated gently in a test-tube over a flame, 
methyl chloride is evolved smoothly; the colourless residue, crystall¬ 
ised from methyl alcohol, forms needles, melting, either alone or 
when mixed with a specimen of methoxymethyltetrahydrobrucidine, 
at 133°. 

Methylneodihydrobrucidinimn Salts# 
Methoxymethyltetrahydrobrucidine is not attacked by boiling 
10% sulphuric acid under the conditions in which methoxymethyl- 
dihydrobrucidine yields methylneobrucidinium sulphate. After 
the acid solution had been boiled for 2\ hours, ammonia precipitated 
98% of the base used. Nor were successful results obtained when 
methoxymethyltetrahydrobrucidine dihydriodide or dihydrochlorido 
was heated in a test-tube, since a much wider decomposition evi¬ 
dently took place. Ultimately, however, it was found possible to 
obtain the iodide in the following way. A 
The iodide. A suspension of meitioxymethyltetrahydrobru- 
cidine dihydrochloride (5 g.) in mesitylene (40 c.c.) is heated 
in an oil-bath at 180°. The solid becqpes gummy and evolves 
hydrogen chloride, which is blown away from time to time in a 
current of air. After 20 minutes, the light brown gum hardens 
and is broken up, and the heating is continued for 10 minutes 
more in order to ensure complete decomposition. Ether is added 
to the cooled produot, and the glassy solid is collected and 
dried at 100° (3*9 g.). Attempts to crystallise this chloride were 
unsuccessful (compare below), and it was therefore converted into 
the iodide. A solution of the chloride in water (25 c.c.) is saturated 
with sulphur dioxide, and concentrated sodium iodide is added drop 
by drop until no more oil separates. This additive produot solidifies 
after a short time, and the orange mass thus obtained is boiled with 
water until the smell of sulphur dioxide has disappeared. On cooling, 
methylneodihydrobrucidinium iodide (3 g.) separates; it crystallises 
from water in colourless bipyramids, m. p. 283° (deoomp.) (Found: 
0, 54*9; H, 6*4. C 24 H 33 0 3 N 2 I requires C, 55*0; H, 6*3%). It is 
rather sparingly soluble in cold water or ethyl alcohol and orystallises 
in plates from the latter. An aqueous solution is not precipitated 
by ammonia or dilute alkali solution; concentrated pota^l^| 
hydroxide solution precipitates the iodide unchanged. « 

The chloride, prepared by heating an aqueous spltifiloh 
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iodide with silver chloride and evaporating the filtrate under reduced 
pressure on the water-bath, is a colourless glass which does not 
crystallise. An aqueous solution is not precipitated by ammonia 
or dilute alkali solution. On heating in a test-tube over a flame, 
charring occurs very readily; the residue dissolves in water to a red 
solution, which becomes deep red on addition of ammonia, and then 
bright green on addition of a few drops of potassium hydroxide; 
much concentrated potassium hydroxide solution precipitates a 
green oil, which has not been examined. No methyl-^-dihydro- 
brucidine is formed. 


Metho&ymethylMrahydrobrucidimDimethohydrogencarbomtes {A)and 
{B) and their Decomposition by Heat MeihyLxfj-dihydrobruc - 
idine. 


The Dimeihohydrogencarbo7iate (A).—This substance is prepared 
by shaking a hot aqueous solution of methoxymethyltetrahydro- 
brucidine dimethiodide (A) with an excess of either silver hydroxide 
or silver carbonate. In either case, the alkaline filtrate is evaporated 
as far as possible in an open basin on the water-bath, and then left 
in a vacuum desiccator over-night. The gummy residue crystallises 
on being rubbed with acetone containing a little ethyl alcohol, and 
is recrystallised by the cautious addition of ether to an ethyl-alcoholic 
solution. The dimethohydrogencarbomte (A) forms almost colourless, 
hygroscopic crystals, m. p. 92—94°, or 103—104° when heated in a 
sealed capillary tube (Found in material dried in a vacuum desic¬ 
cator : C, 52-5; H, 8*3. C 25 H 36 0 4 N 2 ,2MeHC0 3 ,5H 2 0 requires C, 51*9; 
H, 8*1%). It is very soluble in water or ethyl alcohol, and evolves 
carbon dioxide on treatment with dilute hydrochloric acid. When 
a small quantity is heated gently in a test-tube over a flame, carbon 
dioxide is eliminated; the light brown, glassy residue crystallises 
from methyl alcohol in colourless needles, which, either alone or 
when mixed with methoxymethyltetrahydrobrucidine, melt at 134°. 

The dimethohydrogencarboTiaie (B) is prepared from the dimeth¬ 
iodide (B) exactly in the manner described above in the case of the 
isomeride (A). It is crystallised by the careful addition of ether to a 
filtered solution in ethyl alcohol, and forms colourless prisms, which 
are hygroscopic and melt at 109° after drying in a vacuum desiccator 
(Found: C, 50*3; H, 8*3. 0 25 H3 6 0 4 N 23 2MeHC03,6H 2 0 requires 
C, 50*6; H, 8*1%). It is very soluble in water or ethyl alcohol, and 
evolves carbon dioxide on treatment with acids. 

Whenit is heated at 135° in an oil-bath, carbon dioxide is evolved. 
The heating is continued for 30 minutes until the frothing has ceased, 
and the clear, glassy residue is dissolved in water. As the solution 



no precipitate with ammonia and evolves carbon dioxide on 
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treatment with acids, it must contain a methohydrogencarbonate. 
Sodium iodide is therefore added; the precipitate formed crystall¬ 
ises from water in colourless prisms, m. p. 298°, and is identical with 
methoxymethyltetrahydxobrucidine methiodide (B). The product 
of the decomposition is therefore the methohydrogencarbomte (JB). 

MethyLi/f-diJiydrobrucidine. The dimethohydrogencarhonate (B) 
(1 g.) is heated gently in a test-tube over a flame. It melts to a froth 
while gradually losing carbon dioxide, and the methyl alcohol which 
is evolved may be burnt at the mouth of the tube; when the 
effervescence has ceased, the light brown residue is quite mobile. 
After cooling, the tubes are broken and the contents extracted with 
boiling ethyl alcohol. The filtrate is concentrated to small volume; 
methyl-\p-dihydrobrucidine, which then separates in moderate yield, 
recrystallises from ethyl alcohol in colourless tablets, m. p. 220—221° 
[Found: C, 72*6; H, 8*2; OMe, 15*8. C 24; H 32 0 3 N 2 requires C, 
72*7; H, 8*1; (OMe) 2 , 16*6%]. This substance is soluble in dilute 
hydrochloric or acetic acid; it is sparingly soluble in ethyl alcohol, 
moderately easily soluble in acetone, and dissolves readily in benzene. 
It is extremely stable to oxidation by permanganate in acetone. 

The dihydriodide , prepared by the addition of sodium iodide to a 
solution of the base in dilute hydrochloric acid, crystallises from 
water in small, wart-like granules, which melt at 216—217° to a 
yellow froth (Found in material dried at 100°: C, 44*0; H, 6*2. 
C^HggOgNg^HI requires C, 44*2; H, 5*2%). It separates from 
ethyl alcohol in stout prisms, and is sparingly soluble in this solvent 
and in water. 

Colour Reactions of the Brucidine Derivatives . 

The most useful reaction is that with ferric chloride in dilute 
hydrochloric acid, and a positive result is a deep green or bluish- 
green coloration, pink in thin layers, becoming red on boiling; when 
the reaction is negative, no colour is produced even on heating. The 
following substances give the reaction: brucidine, brucidine metho- 
sulphate, tetrahydrobrucine and its methochloride, methoxymethyl¬ 
dihydrobrucidine and its methochloride (B), methoxymethyltetra*- 
hydrobrucidine and its methochloride (B), methyl-^-brucidine and 
its methochloride prepared by either method, methylneobrucidinium 
chloride, methyl-^-dihydrobrucidine, and methyl^eodihydrobrucid- 
inium chloride. The substances which do not give the reaction are: 
methoxymethyldihydrobrucidine methosulphate (A) and metho¬ 
chloride (A), methoxymethyltetrahydrobrucidine methochloride 
(A), methoxymethyldihydrobrucidine dimethochlorides {A} and ( 
methoxymethyltetrahydrobrucidine dimethochlorides (A) 
dioxymethoxymethyldihydrobrucidine (Y) methochloride^., 
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as already mentioned, brucine itself.* Since both strychnidine 
and brucidine give characteristic but entirely different ferric chloride 
reactions, the latter must be concerned with the only part of the 
molecule which is not identical in the two substances, namely, the 
aromatic nucleus, and this view is confirmed in the case of strych¬ 
nidine by the observation that those derivatives which give a negative 
or feeble ferric chloride reaction are the only strychnidine deriv¬ 
atives which do not couple with diazonium salts. It then becomes 
apparent that the occurrence of the reaction in a particular case is 
dependent on the condition of the nitrogen atom bound to the 
aromatic nucleus. When this is salt-forming, the reaction is positive, 
whilst a negative reaction is due to its inclusion in the group HN“CO“ 
as in brucine, or in a quaternary ammonium salt grouping as in the 
various dimethochlorides (and dihydrochlorides) described in this 
and the preceding communications. These views are in complete 
harmony with experience of simpler aromatic amine derivatives; 
thus dimethylaniline couples with diazonium salts, whereas 
A-methylacetanilide and phenyltrimethylammonium chloride do 
not. It is on this basis that we have allocated formulae to the 
methochlorides (A) and (B) of methoxymethyldihydrobrucidine and 
methoxymethyltetrahydrobrucidine respectively (see pp. 1630 and 
1633) and have drawn the important inference that the conversion of 
brucidine into methoxymethyldihydrobrucidine is accompanied by 
a transposition of the function of the nitrogen atoms in respect 
of their basic character. 

The dichromate test in 60% sulphuric acid is of inferior diagnostic 
value. It is given by all the brucidine derivatives, but the green 
colour appears much more slowly in the cases where the ferric 
chloride reaction is negative. 

We are indebted to Mr. R. I. E. Hall, M.A., for preparing the 
large quantities of material required in these two researches and 
also to Mr. F. Hall for carrying out, with his usual skill, the whole 
of the analyses. One of us (W. H. P.) is indebted to the Govern¬ 
ment Grant Committee of the Royal Society for repeated grants 
which have covered much of the expense of these investigations. 

Univeesities ce Gxeobb ahd 

Manchester. [Received, May 24th , 1927.] 

* The brucidine derivatives do not exhibit the reaction in concentrated 
hydrochloric acid solution. , In the cases when the reaction is positive, how¬ 
ever, the colour appears on dilution, and this behaviour is clearly due to the 
formation and hydrolysis of dihydrochlorides. 
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COXII .—A Synthesis of Safrole and o-Safrole. 

By William Henry Perkin, jun., and Victor Martin 
Trikojtts. 

No direct synthesis of safrole has been recorded, the most recent 
attempt being that of Baker and Robinson (J., 1925, 127, 1424), 
who distilled the product of the action of silver oxide and water 
upon y-piperonylpropyltrimethylammonium iodide, but obtained 
isosafrole, the double bond moving into the position of greater 
stability. Kawai (Sci. Papers Inst . Piiys. Chem . Bes., 1925, 3, 
263) has shown that the monoallyl ether of pyrocatechol undergoes 
the Claisen rearrangement to give an oil which he considered to be 
a mixture of 3- and 4-allyl-l: 2-dihydroxybenzene, the change 
taking place in the following manner (X = CH 2 *CHICH 2 ): 



This matter has now been reinvestigated and, by repeated 
fractionation of the product of the rearrangement, both of the 
above isomerides have been isolated in a pure state as colourless, 
crystalline solids melting at 28° and 48° respectively. As further 
confirmation of the course of the Claisen migration, it has been 
found that the properties of the higher-melting isomeride (II) are 
in accord with those assigned to the “ 4-allylbrenzcatechin ” which 
Schimmel and Co. (<Centr 1907, II, 1741) isolated in small quantity 
from betel-leaf oil from Java. The second isomeride, 1 :2-ii- 
hydroxy-3~allylbenzene (I), has not previously been described. 

In order to convert these substances into safrole (III) and 
o-safrole (IV), respectively, methylenation was carried out, with 

(Hi ) OH a <23^CH a -CHft)H 2 CH * 

moderately good yields, by gently refluxing them with methylene 
iodide and anhydrous potassium carbonate in dry acetone solution. 
By employing such mild conditions, any change into the isomeric 
isosafroles during the course of the reaction was inhibited. The 
identity of the synthetic product with naturally occurring safrole 
has been established by preparing the pentabromo-derivative 
(m. p. 169°) and the acetamido-derivative (m* p. 162—163°) and 
comparing these with the same derivatives from natural safrole* 
The properties of the hitherto unknown isomeride o-safrole 



(IV.) 

sh 2 -ch:ch 2 
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(which resembles safrole in odour and in many other ways) have 
been recorded. 

The process of methylenation described above takes place very 
smoothly without formation of tarry products and may prove to 
be valuable in other cases of this kind. 

Experimental. 

Mono - and Di-allyl Ethers of Pyrocatechol. —Pyrocatedhol (132 g.) 
and pure allyl bromide (144 g.) were dissolved in pure dry acetone 
(220 c.c.), finely powdered, freshly heated potassium carbonate 
(170 g.) was added gradually with constant shaking, and the whole 
refluxed for 6—8 hours on the water-bath, the condenser being 
fitted with a calcium chloride tube (compare Kawai, loc. tit.). After 
removal of the acetone, addition of water and dilute sulphuric acid, 
and extraction with ether, the monoallyl ether and unchanged pyro¬ 
catechol were removed by washing the extract with dilute alkali 
solution, and the ethereal solution was then dried with anhydrous 
sodium sulphate and evaporated. The yield of pure diallyl ether 
was 43 g. (b. p. 124—125*5°/13 mm.). The alkali washings were 
immediately acidified and the oil was taken up in chloroform. After 
being repeatedly washed with water to remove pyrocatechol, the 
chloroform was evaporated and the oil distilled, yielding 90 g. of 
pure monoallyl ether, b. p. 107*5—109°/15 mm. The yields of both 
ethers were considerably higher than those recorded by Kawai 
under almost analogous conditions. 

Molecular rearrangement . The monoallyl ether (92 g.) was heated 
in a flask, fitted with a ground-in condenser, in a paraffin bath at 
170—180°; the inner temperature suddenly rose to 265° with 
momentary boiling, the colour of the liquid changing to red. After 
cooling, the product was fractionated under 15—16 mm. and 
fractions, b. p. 142—152° (66*2 g.) and 152—160° (17*2 g.), were 
collected, leaving a resinous, non-volatile residue (9 g.). The second 
fraction solidified on standing ancfr consisted chiefly of 1:2-di- 
hydroxy-4-allylben2;ene } melting at 40—41° with previous softening. 
Kawai noticed the formation of some crystals in his higher fraction 
(b. p. 155—160°/16 mm.) and suggested that they were due to 
pyrocatechol which had been set free during the rearrangement 
(compare Claisen, Annalen, 1913,401,21). In the present instance, 
however, no pyrocatechol was observed and it is probable that his 
crystals were those of 1: 2-dihydroxy-4-allylbenzene. 

After repeated systematic refractionation of the above two 
fractions, both isomerides were isolated in a pure condition, the 
gg proportion of 1: 2-dihydroxy-3-allylbenzene to its isomeride in the 
^^^rranged : produet being approximately 5 to 4. 
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1: 2-Dihydroxy^allylbenzene (II) is a colourless, waxy, crystalline 
solid soluble in water and most other solvents, but sparingly soluble 
in petroleum. It forms colourless needles, m. p. 48°, from benzene- 
light petroleum and boils at 147—149°/10 mm. and at 156—158°/ 
16 mm. (Found: C, 72-1; H, 6-8. C 9 H 10 O 2 requires C, 72*0; 
H, 6*7%). The'dibenzoyl derivative (Schotten-Baumann) separates 
from light petroleum in colourless prisms, m. p. 71°. These pro¬ 
perties clearly indicate that the substance is identical with the 
“ allylbrenzcatechin ” isolated from Java betel-leaf oil (Zoc. tit.). 

1: Z-Dihydroxy-Z-allylbenzene (I) is best purified by distillation 
under reduced pressure and has b. p. 143*5—145°/15 mm. If 
allowed to crystallise slowly, it separates in large, colourless, flat 
prisms, m. p. 28°, but it has a tendency to remain liquid below this 
temperature. Owing to this property, it was not found possible 
to recrystallise it satisfactorily. It dissolves readily in most 
solvents except petroleum, whilst in water it is not as soluble as 
its isomeride (Found : C, 72*1; H, 6*5. C 9 H 10 O 2 requires C, 72*0; 
H, 6*7%). 

It resembles its isomeride in having a phenolic odour and in 
aqueous solution it gives with ferric chloride an olive-green colour, 
changing to wine-red on addition of sodium carbonate. 

The dibenzoyl derivative separates from light petroleum in colour¬ 
less prisms, m. p. 60—61° (Found : C, 77*1; H, 5*2. C 23 H 18 0 2 
requires C, 77*1; H, 5*0%). 

Safrole (III).—1: 2-Dihydroxy-4-allylbenzene (10 g.) and methyl¬ 
ene iodide (18 g.) were dissolved in pure dry acetone (35 c.c.) and 
finely powdered, freshly ignited potassium carbonate (20 g.) was 
gradually added with shaking to prevent caking. After gently 
refluxing on the water-bath for 12 hours, the acetone was removed, 
the product was made acid with dilute sulphuric acid and extracted 
with ether, and the ethereal solution was repeatedly washed with 
dilute aqueous sodium hydroxide and finally with water, dried over 
sodium sulphate, and evaporated. On carefully distilling the 
residue under reduced pressure, methylene iodide first passed over; 
when this had been completely removed, a fraction, b. p. 100—- 
I01*5°/10—11 mm,, consisting of 2*5 g. of a clear, colourless oil, 
was collected. This was identified as safrole by its characteristic 
odour and by preparing its pentabromo-dmiv&tive by gradually 
adding excess of bromine below 0° and allowing the mixture to 
stand for some hours; the solid substance which had separated, 
after recrystallising from ethyl alcohol, melted at 169°, and a mixed 
melting point with the derivative prepared from ordinary 
showed no depression. The oil had ng* 1*5381 (Found : 0, 

H, 6*4. Calc, for C 10 H 10 O 2 : C, 74*1; H, 6*2,%). As w 
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proof of identity, 1-35 g. of the synthetic substance were nitrated 
under the conditions laid down by Foulds and Robinson (J., 1914, 
105, 1963), the nitro-derivative was reduced with tin and hydro¬ 
chloric acid, and the crude 6-aminosafrole acetylated; the acetyl 
derivative crystallised from methyl alcohol in colourless needles, 
m. p. 162—163° (Found: C, 65*5; H, 6*0. Calc.'for C 12 H 13 0 3 N : 
G, 65*7; H, 5*9%), and a mixed melting-point determination with 
the corresponding derivative from naturally occurring safrole showed 
no depression. 

o-j Safrole (IV).—1: 2-Dihydroxy-3-aHylbenzene (20 g.), methylene 
iodide (36 g.), potassium carbonate (40 g.), and acetone (70 c.c.) 
were gently refluxed for 14 hours, and the product was treated in a 
manner similar to that described above in the synthesis of safrole. 
Methylene iodide was removed under reduced pressure, and the 
remainder (boiling over 1-5°) collected separately. Yield, 7 g. It 
was redistilled and collected at 102*5—103°/13 mm. (Found: C, 
74*3; H, 6*2. C 10 H 10 O 2 requires C, 74*1; H, 6*2%). It boils at 
106—107°/16 mm. and at 226—227°/762 mm. 

o-Safrole is a colourless, mobile oil which does not crystallise at 
—20° and has iijf 1*5359. It has an agreeable odour, similar to, but 
not so pronounced aB, that of safrole (compare the respective odours 
of o-piperonal and piperonal; Perkin and Trikojus, J., 1926, 2927). 
On the addition of excess of bro m ine to o-safrole cooled below 0°, a 
vigorous reaction occurs; the product, which solidifies on standing 
over-night, is washed with ethyl alcohol and crystallised from the 
same solvent, in which it is only sparingly soluble. The resulting 
jpe^iiahromo-derivative separates in colourless prisms, m. p. 154°, 
and the yield is almost quantitative (Found : Br, 71*8. C 10 H 7 O a Br 5 
requires Br, 71*6%). 

One of us (V. M. T.) is indebted to the Royal Commissioners of 
the 1851 Exhibition for a scholarship which enabled him to take 
part in this investigation. 

Tub Dyson Perrins Laboratory, 

Oxford. { Received , June * lth , 1927 .] 


CCXIII .—Monothioethylene Glycol. Part III. Nitro- 
phenyl Thioethers. 

By George Maodonale Bennett and William Ambleb Beery. 


33T cdntinualaQn of the examination of monothioethylene glycol 
, and its derivatives (J., 1921,119, 1860; 1922,121, 2139), we have 
prepared the three isomeric nitrophenyl (3-hydroxyethyl 



PART iii. NITROPHENYL THIOEt’HE&S. ' 166? 

sulphides and a number of related substances. The direct conver¬ 
sion of the parent mercaptan into each of these nitrophenyl thio- 
ethers was realised, the o-isomeride being obtained in good yield 
by the action of o-bromonitrobenzene and alcoholic potassium 
hydroxide, and the m- and ^-isomerides by the action of the respec¬ 
tive nitrobenzenediazonium salts (compare Stadler, Ber., 1884, 17, 
2073). The most economical method for preparing each of these 
substances is, however, by the action of ethylene chlorohydrin 
upon the salt of the nitrothiophenol. The corresponding p-nitro- 
benzyl thioether was obtained in a similar maimer from p-nitro- 
benzyl mercaptan, the preparation of which has been improved. 
The isomeric p-nitrophenyl y-hydroxypropyl sulphide is also 
described. 

‘From these hydroxy-sulphides, the chloro-, bromo-, and iodo- 
sulphides have been produced by known methods. The replacement 
of the hydroxyl group by chlorine was appreciably less easy in 
p-nitrophenyl y-hydroxypropyl sulphide than in the (3-series (com¬ 
pare Bennett and Hock, J., 1925,127, 2671; this vol., p. 477). 

The isolation of three of these compounds has been announced 
by other authors during the course of our work—o-nitrophenyl 
p-chloroethyl sulphide by Lecher and Simon {Ber., 1925, 58, 409) 
and p-nitrophenyl (3-hydroxy- and p-bromo-ethyl sulphides by 
Waldron and Reid (J. Amer. Chem. Soc 1923, 45, 2399). 

The results of a crystallographic examination of some of these 
compounds are summarised in the following table : 


Substance. a: b : c. j8. Cleavage. 

1: 2(N0 2 )C 6 H 4 -S-C 2 H 4 -0H 0-5445 : 1: 1-1416 — (010) 

1: 2(N0 3 )C e H 4 -S-C 2 H 4 CI 0-9584: 1: 0-5126 — (010) 

1: 2(N0 3 )C e H 4 -S-C 2 H 4 Br 0-9590 : 1: 0*5250 — (010) 

1: 2(NO a )C 6 H 4 -S*C 2 H 4 I 3-143 : 1 : 2-513 90° 16' (010) (100) 

1:4(N0 2 )C 6 H 4 -S*C a H 4 Cl 0*4752:1:0*4026 96° 54' (100) 

1:4(N0 2 )C*H 4 -S*C 3 H 4 Br 1-8113:1 : 1-1187 96° 18' — 

1:4(NO a )C 8 H 4 -S-C 2 H 4 I 0-5081 : 1:0*5160 104° 45' — 


Experimental. 

Action of Sodium and Potassium Salts of Monothioethylene Glycol 
on p - and p-CMoro- and Bromo-nitrobenzenes. —The o-nitrophenyl 
thioether was first isolated from the products of the interaction of 
o-nitrochlorobenzene and monothioethylene glycol. o-Nitrophenyl 
$-hydroxyetkyl sulphide was thus obtained in deep yellow, ortho¬ 
rhombic tables, m, p. 100° (Pound : C, 48*2; H, 4*5; N, 7*L 
CgHgOgNS requires C, 48*2; H, 4*5; UT* 7*05%). 

A better yield and a purer product were obtained by gradually 
heating o-nitrobromobenzene in spirit with monotMoethylew- 
glycol and potassium hydroxide, but the most 
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of preparation of this substance is through o-nitrothiophenol as 
described below. 

When these preparations were repeated using p-chloronitro- 
benzene and p-bromonitrobenzene, reduction or some other sub¬ 
sidiary reaction was still more marked; the yellow product isolated, 
being practically indifferent to phosphorus pentachloride, was not 
p-nitrophenyl p-hydroxyethyl sulphide. 

Preparation of the p-Nitrophenyl Thioether of Monothioethylene 
Glycol .—The ^-compound was first isolated by a reaction analogous 
to that noted by Stadler (he. cit.). The product was an oil, but 
it solidified after 3 weeks. It was .dried on porous earthenware 
and recrystallised from dilute alcohol, and was identical with the 
material obtained more conveniently by the following method : 
p-Nitrochlorobenzene (31*5 g.) was covered with alcohol, a warm 
solution of sodium sulphide (48 g. of Na 2 S,9H 2 0) in dilute alcohol 
(60 c.c., 1:1) was added, and the mixture heated on the steam-bath 
until a vigorous reaction occurred. When this reaction had sub¬ 
sided, the mixture was heated for a further 5 minutes. Prolonged 
heating at this stage causes a decrease in the yield owing to oxid¬ 
ation of the thiophenol to disulphide (compare Willgerodt, Ber., 
1885, 18, 331). The mixture was then poured into about 500 c.c. 
of water and cooled in a coal-gas atmosphere until the precipitated 
unchanged p-nitrochlorobenzene had solidified, and the liquid was 
rapidly filtered into an excess of sulphurous acid to precipitate the 
thiophenol and prevent oxidation. The thiophenol was quickly 
filtered off, dissolved in alcohol (30 c.c.), and added to a solution 
of potassium hydroxide (6 g. in 40 c.c. of water). The mixture was 
heated under reflux on the steam-bath with ethylene chlorohydrin 
(15 c.c.) until the dark colour faded, and the alcohol and volatile 
impurities were then removed in steam. The product (18 g.), 
which solidified on cooling, was p-nitrophenyl (3-hydroxyethyl 
sulphide, which crystallised well from ether or carbon disulphide- 
petroleum as a pale yellow, finely crystalline solid, m. p. 62° (Pound ; 
C, 48*0; H, 4*6; N, 7*25. Gale.: C, 48*2; H, 4*5; N, 7*05%). 
Waldron and Reid (loc. cit ,) give m. p. 59°. 

Convenient Method of Preparation of the o-Nitrophenyl Thioether.— 
The analogous method can be shortened satisfactorily for the pre¬ 
paration of o-nitrophenyl g-hydroxyethyl sulphide. o-Nitrochloro- 
benzene and sodium sulphide are heated as described above and 
the product is poured into water. The precipitated nitrochloro- 
benzene, which does not solidify readily, is extracted with benzene, 
and the remaining solution is heated with the requisite amount 
lyoi ethylene chlorohydrin for 15 minutes. It is not advisable to 
longer than this, owing to the possible reduction of the 
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nitre-group by the sodium sulphide present in the solution. The 
yield is 17 g. 

Preparation of m-Nitrophenyl p -Hydroxy ethyl Sulphide.—An 
attempt to prepare this compound by the Stadler diazo-reaction 
(loc. cit.) gave an oil which did not crystallise. The m-nitrophenyl 
thioether was therefore made from m-nitrothiophenol, prepared 
as described by Leuckart ( J . pr. Chem., 1890, 41, 179). The awk¬ 
ward diazotisation at great dilution was avoided thus : m-Nitro- 
aniline (50 g.), dissolved in 150 c.c. of concentrated hydrochloric 
acid and 750 c.c. of water and cooled to 10°, was diazotised by adding 
sodium nitrite (26*5 g. in a little water) all at once, the temperature 
not being allowed to rise above 15°. This mixture was kept in 
ice for about 30 minutes, and the liquid was then filtered into a 
solution of potassium xanthate (75 g.) and borax (150 g.) in water 
(750 c.c.) at 70—75°. (It is necessary to add the diazo-solution 
cautiously, otherwise an explosive evolution of gas may be caused.) 
The mixture was finally heated until effervescence ceased. After 
cooling, the precipitated oil was removed in ether, the ether evapor¬ 
ated, and the crude xanthogenic ester hydrolysed. The dinitro- 
diphenyl disulphide, obtained by adding potassium ferricyanide 
to the resulting solution, was purified by recrystallisation and reduced 
with glucose and alkali (compare Lecher and Simon, Ber., 1922, 55, 
2427), and the resulting thiophenol was converted into m-nitro¬ 
phenyl p-hydroxyethyl sulphide in the same way as the o- and p- iso- 
merides. The crude product was a dark oil which did not solidify. 
As the compound could not be distilled, even at pressures of 1 mm., 
it was heated at 150° with the equivalent of p-nitrobenzoyl chloride. 
The product solidified and, after recrystallising from toluene, 
m-nitrophenyl $-(p-nitrobenzoyl)oxyethyl sulphide was obtained 
as a pale yellow solid, m. p. 86° (Found : N, 8*25. 
requires N, 8*05%). This nitrobenzoyl derivative was hydrolysed 
by boiling alcoholic sodium hydroxide, the mixture poured into 
water, the oil which separated removed in ether, the extract dried, 
and the ether evaporated. The remaining oil solidified on being 
cooled in a freezing mixture, and m-nitrophenyl $-hydroxyethyl sul¬ 
phide was obtained in pale yellow needles, m. p. 42*5°, by crystallis¬ 
ation from light petroleum (b. p. 40—60°) or warm water (Found: 
C, 48-0; H, 4*7 ; N, 7*0. C^H 9 0 3 NS requires 0, 48*2 ; H, 4*6; 
N, 7*0%). 

Little difficulty was encountered in getting the mm'-dinitrodi- ; 
phenyl disulphide into a solid workable condition during 
months, but when the preparation was repeated in 
the disulphide solidified so slowly that it could not easily be ob^h^fc 
pure in quantity. The preparation of the m-compound 
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fore been carried out without the isolation of the disulphide, as 
follows: The xanthogenic ester (20 g.) was hydrolysed with an 
alcoholic solution of sodium hydroxide (5 g. of sodium, 50 c.c. of 
alcohol, and 10 c.c. of water), and the reaction liquor was poured 
into water and extracted with carbon tetrachloride. The remaining 
solution was filtered, the filtrate dropping into water saturated with 
sulphur dioxide, and the precipitated thiophenol was removed in 
ether. The filtered ethereal solution was extracted with a solution 
of potassium hydroxide (10 g.) in two portions, and the extract 
heated on the steam-bath with ethylene chlorohydrin (10 c.c.) 
until the solution became clear. The precipitated oil, after being 
steam-blown, solidified when cooled and nucleated (yield, 9 g. of 
dry crude product). 

Preparation of p -Nitrobenzyl Hydroxy ethyl Sulphide. —^-Nitro- 
benzyl thiocyanate (m. p. 84°; compare Henry, Ber ., 1869, 2, 638) 
was converted into p-nitrobenzyl thiocarbamate by Meyer’s method 
(“ Analyse und Konstitutions Ermittlung Organischen Verbindun- 
gen,” 3rd Ed., p. 678), but it was subsequently found more convenient 
to use the method described by Gabriel and others (Her., 1895, 28, 
1027; 1896, 29, 160 : compare also Poggi, Atti B. Accad . Lincei, 
1925,2, 423). A solution of the thiocyanate (50 g.) in concentrated 
sulphuric acid (250 c.c.) was kept in the ice-chest for 10 hours and 
then poured on ice. The precipitated thiocarbamate was filtered 
off and purified (m. p. 146°). The thiocarbamate was hydrolysed 
by boiling it under reflux with hydrochloric acid (10 parts of 20% 
acid) for 2 hours (compare Gabriel and Stelzner, Her., 1896,29,160). 
On cooling, the oil, p-nitrobenzyl mercaptan, solidified. 

The alternative method of preparation of p-nitrobenzyl mercaptan 
described by Price and Twiss (J., 1909, 95, 1725) was found to be 
less satisfactory than the description would lead one to expect and 
certainly gave a product inferior both in yield and in purity to that 
obtained by the method described above. 

The conditions for the condensation of the sodium salt of jp-nitro- 
benzyl mercaptan and ethylene chlorohydrin are important, in 
that too great a concentration of alkali and heating to too high a 
temperature must be avoided, or else subsidiary reactions occur. 
The method used was as follows ; To the mercaptan prepared from 
the thiocarbamate (12 g.) as described above, a solution of sodium 
hydroxide (3 g. in 60 c.c. of water) and ethylene chlorohydrin (7 c.c.) 
were added and the mixture was heated, in a flask provided with a 
stirrer, to 50° (thermometer dipping into the reaction liquid). 
The mixture was kept at this temperature for 15 minutes, during 
which an oil separated. 2JV-Sodium hydroxide (10 c.c.) and ethylene 
chlorohydrin {3 c.c.) were then added and the mixture was heated 
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for a further 10 minutes. The reaction liquid was steam-blown to 
remove volatile impurities and cooled, the oil removed in ether, 
the extract dried, and the ether evaporated. After being kept 
for several days in a desiccator, the oil solidified (9 g.). 

p-Nitrobenzyl $-hydroxyethyl sulphide, which is soluble in alcohol, 
ether, and benzene and slightly soluble in water, crystallises best 
from a mixture of equal volumes of carbon disulphide and light 
petroleum (b. p. 40—60°) in almost colourless needles, m. p. 37-5° 
(Found: C, 50-6; H, 54; 1ST, 6*5. C 9 H n 0 3 NS requires C, 50*7; 
H, 5*2; N, 6*6%). 

In subsequent preparations, this compound was obtained as a 
solid by inoculating the steam-blown reaction liquor. 

Preparation of p -Nitrophenyl y-Hydroxypropyl Sulphide. —This 
compound was prepared by a method analogous to that used for 
the ^-nitrophenyl p-hydroxy ethyl sulphide and was isolated as an 
oil which solidified after a few days. It was recrystallised from 
carbon disulphide-light petroleum and obtained in pale yellow 
needles, m. p. 41*5°, which are slightly soluble in water and easily 
soluble in ether, alcohol, benzene, and acetone (Found : C, 50*5; 
H, 5*5; N, 6*6. C 9 H n 0 3 NS requires C, 50*7; H, 5*2; 3ST, 6*6%), 

Preparation of Halogen Derivatives . 

I. Chloro-wmpounds. —The o- and p-nitrophenyl (3-chloroethyl 
sulphides were prepared by the action of phosphorus pentachloride 
on the hydroxy-compound (yield, 75%). 

When this method was used for the preparation of ^-nitrophenyl 
y-chloropropyl sulphide, the yield was poor (45%), owing to a 
large amount of phosphoric ester being formed as a by-product. 
The preparation of this compound was therefore repeated using the 
Darzens reaction (Compt. rend., 1911, 152, 1314). The hydroxy- 
compound was dissolved in dimethylaniline (1*5 mols.), and thionyl 
chloride (1*5 mols.) gradually added, the mixture being kept cool. 
After 15 minutes, the mixture was heated on the steam-bath for 
15 minutes and poured into dilute hydrochloric acid. The chloro- 
compound separated, and solidified on being cooled and scratched 
(yield, 87%). It was subsequently found that this method was 
preferable to the phosphorus pentachloride reaction for the prepara¬ 
tion of the p-chloroethyl sulphides, in that the reaction product 
was much cleaner and solidified more readily (yield, 80—85%). 

These ca-chloroalkyl sulphides are soluble in alcohol, acetone, 
benzene, and glacial acetic acid, and are best recrystallised from light 
petroleum or methyl alcohol. 

Preparation of the Sulphoxides of the Halogenated Sulphides .— 
After the halogenated sulphide had been boiled for 15 
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with concentrated nitric acid (d 1*40), the product obtained on 
neutralising the solution had, even after several recrystallisations, 
an indefinite melting point. 

The sulphide was dissolved in a little glacial acetic acid, and 
bromine (a slight excess above 1 mol.) added to the warm solution. 
As a dibromide (R*SBr 2 *R/) did not crystallise, the solution was 
neutralised and a slight excess of aqueous sodium hydroxide added. 
The product in this case also had a diffuse melting point. 

By adding a slight excess of hydrogen peroxide (30%) to a glacial 
acetic acid solution of the sulphide and keeping the mixture for 
24 hours, compounds of sharp melting points were obtained. The 
sulphoxides crystallise well from either light petroleum or dilute 
acetic acid. 

When oxidation of the iodoethyl sulphides was attempted with 
hydrogen peroxide, iodine was liberated and the pure sulphoxide 
was not isolated. 

o-Nitrophenyl p-chloroethyl sulphide crystallises in deep yellow, 
orthorhombic needles, m. p. 51° (Found: C, 44*0; H, 3*8; Cl, 
16*3. Calc. : C, 44*1; H, 3*7; Cl, 16*3%). The sulphoxide forms 
pale yellow needles, m. p. 84° (Found: N, 6*0. C 3 H 8 0 3 NC1S 
requires N, 6*0%). 

p-Nitrophenyl $-chloroethyl sulphide crystallises in pale yellow, 
monoclinic needles, m. p. 62° (Found : Cl, 16*3,16*2. CgHgOgNCIS 
requires Cl, 16*3%). The sulphoxide crystallises in colourless 
needles, m. p. 80° (Found : 0,41*2; H, 3*6; N, 6*0. C 8 H 8 0 3 NC1S 
requires C, 41*1; H, 3*4; N, 6*0%). 

m~Nitrophenyl $-cJdoroethyl sulphide forms pale yellow needles, 
m. p, 31° (Found : Cl, 16*2%). 

p -Nitrophenyl y-chloropropyl sulphide forms pale yellow needles, 
m. p. 50° (Found : N, 6*1; Cl, 15*4. C 9 H 10 O 2 NClS requires N, 6*1; 
Cl, 15*4%). 

p-Nitrobenzyl fi-chloroethyl sulphide forms almost colourless 
needles, m. p. 46—47° (Found : N, 6*1; Cl, 15*2. C 9 H 10 O 2 NClS 
requires If, 6*1; Cl, 15*4%). 

:/H. -Jfromo-compouTids. —These compounds were prepared by 
the action of phosphorus pentabromide on the hydroxy-compounds 
(see corresponding preparation of the chloro-compounds; p. 1671.) 
They are soluble in alcohol, benzene, acetone, and ether, and are 
best recrystallised from light petroleum. 

o-Nitrophenyl $-bromoethyl sulphide crystallises in deep yellow, 
orthorhombic needles, m. p. 63° (Found: Br, 30*3. C 8 H 8 0 2 NBrS 
requires Br, 30*45%), and the sulphoxide in pale yellow needles, 
m. p. 112° (Found : N, 5*0%). 

p-Nitrophenyl p-bromoethyl sulphide forms pale yellow, mono- 
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clinic needles, m. p. 59° (Found : Br, 30*1. Calc.: Br, 30*45%). 
Waldron and Reid ( loc. cit.), who prepared this compound by the 
action of hydrobromic acid on the hydroxy-compound, give the 
melting point as 58°. The sulphoxide forms colourless needles, 
m. p, 100° (Found: Br, 28*6. C 8 H 8 0 3 NBrS requires N, 5*0; 
Br, 28*7%). 

m-Nitrophenyl %-bromoethyl sulphide forms almost colourless, 
orthorhombic plates, m. p. 32° (Found : Br, 30*3%). 

m. Iodo-compounds. —The interaction of phosphorus tri-iodide 
or phosphorus and iodine with the hydroxy-sulphides causes 
reduction and not simple replacement of the hydroxyl group, 
o- and p -Nitrophenyl $-iodoethyl sulphides have been obtained by 
heating the bromo-eompound with a slight excess of sodium iodide 
in acetone solution for about 8 hours. They crystallise well from, 
either methyl alcohol or light petroleum. The former crystallises in 
deep yellow plates, m. p. 64° (Found : I, 40*8. C 8 H 8 0 2 NIS requires 
I, 41*0%), and the latter in pale yellow plates, m. p. 67° (Found ; 


I, 40*8%). 

m-Nitrophenyl g-iodoethyl sulphide was obtained in a similar 
manner as a dark brown oil which did not crystallise and was not 
analysed. After it had been kept for a long time in the expectation 
of its solidifying, it was found in fact to be depositing crystals. 
These, on recrystallisation from petroleum (b. p. 90—120°), gave 
pale yellow plates, m. p. 136°, which contained sulphur and nitrogen 
but no iodine (Found : N, 8*2%; M } cryoscopic in molten camphor, 
393), Sufficient of this substance was not obtained for a more 
detailed examination, but it seems probable that it was di-m-nitro* 


diphenylthiofoyclobutane, 
requires N, 7*7%; M 9 362. 


N 0 2 *CJL*S—CH—CH 


OH, 


3 




Crystallographic Measurements. 

o-Nitrophenyl $-hydroxyethyl sulphide crystallises from acetone in 
deep yellow, orthorhombic crystals with a : b : c = 0*5445 :1: M416. 
The forms observed are 6(010), c(001), r(101) and £(011), the habit 
being tabular with c large (Fig. 1). The mean angular values 
obtained by measurement of seven crystals on a single-circle gonio¬ 
meter are : cqH8° 47', cr*64° 30', rq 73° 37' (calc. 73° 31'), be 89° 59'. 
There is a perfect cleavage in the plane (010), df (vac.) 1*472. The 
substance has strong positive double refraction. The plane of the 
optic axes is (100), the acute bisectrix emerging perpendicular to 
(010), and there is large dispersion of the axes, , v , 

o-Nitrophenyl $-chloroethyl sulphide was obtained in 9U|ta|Sjp| 
crystals, after many trials, by slow crystallisation from cold 
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alcohol or from ethylene dichloride-ethylene chlorohydrin, in 
orthorhombic crystals with a : b : c = 0*9584:1 : 0*5126. The 
following are the forms observed and the respective mean angular 
values from eight crystals : 

a (100). m (110). x(2lZ). y (232). 

4 . 0° 0' *43° 47' *24° 47' 57° 54' 

p .. 00° O' 90° O' *29° 27' 43° 2' 

The crystals are unite rmin al and of prismatic habit similar to that 
shown in Fig. 2. d 18 *, 1*480. 

There is an excellent cleavage in the plane (010). Examination 
of cleavage planes in convergent polarised light shows that the sub¬ 
stance has strong crossed axial dispersion. The optic picture is 
apparently uniaxial for the D line of sodium: red light (lithium 
flame) gives a biaxial picture with the axes well separated in the 



plane (100), whilst for green light (thallium) they are in the plane 
(001), the acute bisectrix remaining normal to (010) throughout. 

o-Nitrophenyl $-bromoethyl sulphide separates from acetone in 
prisms (Fig. 2) belonging to the hemimorphic class of the ortho¬ 
rhombic system isomorphous with the foregoing, having a :b : c = 
0*9590:1 : 0*5250. The following are the mean angular values 
(from six crystals): 

a (100). w (1X0). n (120). 6(010). a? (2lS). y (232). 

6 ......... 0° 0' *43° 48' 62° 25' 90° 0' *23° 53' 56° 57' 

p . 90° 0' 90° 0' 90° O' 90° 0' *29° 52' 43° 10' 

There is an excellent cleavage in the plane (010). d 1 * 7 ' 1*742. 
A straight extinction was observed on (100). The acute bisectrix 
emerges perpendicular to (010), the axes being widely separated in 
the plane (001). The dispersion is large. 

o-Nilrophenyl $-iodoethyl sulphide separates from acetone in large, 
deep yellow, monoclinie crystals (Fig. 3) with a:b:c = 
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3'143 :1 : 2*513; p = 99° 16', The following are the mean angular 
values (four crystals): 

a (100). m (110). 6(010). r(101). c (001). ^ (101). u{ 112). 

a , 0° O' *72° 8' 90° O' 0° O' 0° 0' 180° 0' 100° 32' 

90° 0' 90° O' 90° 0' *44° 13' 9° 16' 33° 45' 47° 53' 

There is a marked tendency for b to he replaced by a pair of 
vicinal faces. There are poor cleavages in the planes (010) and (100). 
2*026. The position of the optic axes could not be observed. 


O' 



Pig. 4. Tic. 5. Fig. 6. 


p -Nilrophenyl $-chloroethyl sulphide crystallises in the monoclinic 
system with a:b:c = 0-4752 :1 : 0-4026; p = 96° 54'. The fol¬ 
lowing are the mean angular values (4 crystals), the habit being 
as in Fig. 4. 

6(010). m (110). ^ (Oil). o(lll), p (11 

A . 0° O' *64° 45' *16° 43' 67° 52' 298° 39' 

p ... 90° 0' 90° 0' *22° 48' 47° 15' 40 Q 28' 

There is a poor cleavage in the plane (100). d 18 ' 1-486. The 
extinction appears to be straight on (010), The position of the 
optic axes was not observed. 

ip-Nitrophenyl fi-bromoethyl sulphide crystallises in the monoelinic 
system with a : b : c = 1-8113 ,: 1:1-1187; p « 96° 18', the habit 
being as in Fig. 5. The following are the mean angular values 
(4 crystals) : 

a (100). c (001). m (110). ?(011). *(201). r(101). 

£. 0° 0' 0° 0' *60° 57' 84° 54' 0° 0' 0° 0' 

P .. 90° 0' *6° 18' 90° 0' *48° 18' 36° 19' 63° 45' 


No marked cleavage was found, d 10 ' 1*742. The extinction was 
straight on (100), but the position of the optic axes was not observed*. 

p -Nitrophenyl $-iodoethyl sulphide crystallises in the monociiliio | 
system with a : b : c = 0-5081:1 :0-5160; p ==* 104° 45',. 
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being as in Fig. 6. The following are the mean angular values 
(3 perfect crystals): 

6(010). t (021). $(011). w(110). o(lll). 

A . 0° O' 45° 11' *63° 29' *27° 24' 68° 21' 

p . 90° 0' 90° O' 90° O' *29° 47' 64° 6' 

There is no marked cleavage, 1*938. The extinction on 
b is oblique at 17° 20' to the edge bm. The optic axial plane coin¬ 
cides with (010), one optic axis being seen in the centre of the field 
when the observation is normal to the plane (100). The dispersion 
is extremely high. 

The University, Sheffield. [Received, April 8th, 1927.] 


CCXIV .—The Influence of the Sulphur Atom on the 
Reactivity of Adjacent Atoms or Groups , Part II. 
Comparative Reactivities of Chlorine in some ft- and 
y-CMoro-sulphides. 

By George Macdonald Bennett and William Ambler Berry. 

In Part I of this series (this vol., p. 477), a qualitative comparison 
was made of the reactivities of the chlorine atoms in the p-, y-, 
and 3-positions relative to a sulphur atom. In the present com¬ 
munication, we describe quantitative measurements of the reactivi¬ 
ties of the chlorine atoms in some p- and y-chloro-sulphides, namely, 
in the o-, m-, and ^-nitrophenyl P-chloroethyl sulphides, jp-nitro- 
benzyl p-chloroethyl sulphide, and ^-nitrophenyl y-chloropropyl 
sulphide, described in the preceding paper, together with the 
unsubstituted phenyl p-chloroethyl- and y-chloropropyl-sulphides. 

Comparative measurements were first made of the extent of their 
interaction with aqueous alcoholic sodium hydroxide solution 
during a short interval of time at 55°. With respect to this test, 
the substances arrange themselves in order of diminishing reactivity 
as follows: o- and _p-nitrophenyl p-chloroethyl sulphide>m~ 
isomeride>phenyl p-chloroethyl sulphide>phenyl y-chloropropyl 
sulphide and its p-nitro-derivative. 

The nitrobenzyl sulphide suffered some profound decomposition 
in presence of alkali, doubtless owing to the activation of the 
methylene group situated between the sulphur atom and the nucleus. 
No attempt was made to calculate a velocity coefficient for this 
reaction, since from analogy with the behaviour of other chloro- 
Sulphides (compare Bales and Nickelson, J., 1922, 121, 2137) it is 
Vljpobable that two reactions are involved, namely, a true hydrolysis 
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to the corresponding hydroxy-compound and the formation of an 
unsaturated sulphide by removal of one molecular proportion of 
hydrogen chloride. The result does, however, show that, in agree¬ 
ment with the conclusions previously reached concerning p- and 
y-chloro-sulphides (Bennett and Hock, J., 1925, 127, 2671; this 
vol., p. 477), the y-ehloropropyl sulphide is in each case less reactive 
than the closely related p-chloroethyl compound. 

In order to obtain a more accurate comparison of the reactivities 
of these substances we examined their hydrolysis by 50% aqueous 
alcohol at 75°, a reaction similar to that used by Olivier for a si mi lar 
purpose (Bee. trav. chim., 1922, 41, 646) and likely to be free from 
the defect of subsidiary reactions. We have therefore made a 
comparison of the initial velocities of hydrolysis; the results are 
in column 4 of Table I. 

The reaction of the chloro-sulphides with piperidine was also 
examined with a view to quantitative measurement, but it was 
discarded when the product of the reaction was found to be a 
mixture. Finally, we also examined the reaction of these substances 
with potassium iodide, since this had been found to be quantitative 
and free from subsidiary reactions in the preparation of the p-iodo- 
sulphides (see preceding paper). Similar reactions have, moreover, 
been studied by Conant and his colleagues (Conant, Earner, and 
Hussey, J. Amer . Chem . Soc., 1925, 47, 488) and found suitable for 
accurate measurement. The velocities of reaction of these chloro- 
sulphides have been measured in acetone solution at 55°. The 
method of determining ionic iodine described by these authors was 
found to be unsuitable and a modified procedure was worked out. 
The reaction was in all cases bimolecular and the coefficients are 
given in Table I. 



Tablb X. 

Reaction with potassium 

Hydrolysis 


iodide at 55°. 

at 76*. 

Substance. 

h 

Relative 

values. 

Relative 

values. 

PhS*aH 4 Cl ... 

o-N0 8 *C,H 4 *S*C 2 H 4 C1 .. 


1*00 

1*00 

. 0-180 

1*98 

0*023 

™-H0 2 *C ft H 4 *S*C a H 4 Cl . 

. 

.. 0-189 

2*09 

0*083 

.. 0-257 

2*62 

0*052 

p-NO^C^CHa-S-CACl .. 
Ph*S*C s H 6 Cl .. 

.. 0-215 

2*36 


. O330 

3*52 

0*0031 

'p-NO a *C 4 H 4 *S*C 8 H e Cl .. 


9*19 

0*0010 


Interpretation of the Results , . 

The substances are arranged with respect to the hydrolysis 
an order which is the opposite of that shown in the reactipjt^ 
potassium iodide. This contrast must depend on the^natl^i 
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mechanism of the two reactions used. It may be explained if the 
reactions involved are of opposite polar type. A similar contra¬ 
diction was pointed out by Conant, Kirner, and Hussey (loc. tit.), 
who remark with reference to certain chloro-compounds that the 
increased reactivity with potassium iodide “ appears to be just the 
reverse of what would be predicted from a consideration of polarity.” 
A consideration of the influence of certain activating groups “would,” 
they point out, “ lead to the conclusion that the chlorine atom of 
Ph’CO'CHgCl was more 'positive than the chlorine atom of benzyl 
chloride: yet it is 500 times more reactive in a reaction in which 
the chlorine is eliminated as a negative ion and is replaced by a negative 
ion . ... It seems evident that no adequate interpretation of the 
facts can be stated solely in terms of polarity.” This difficulty is 
in reality the same as that presented by our own opposed sets of 
reaction velocities. A further clear case of the same kind is shown 
in Table II, which gives the results of the comparison of benzyl 
chloride and its nitro-compounds as determined by hydrolysis 
(Olivier, loc . tit.) and by the potassium iodide reaction (Conant 
and others). 

Table H. 


Substance. 


Ph*CH a Cl .. 

o-N 0 2 *C 6 H 4 -CH 2 CI. .. 
m-N0 2 *C 6 H 4 *CH 2 Cl 
p-N0 2 *C 6 H 4 *CH 2 C1 


Relative reactivity with 
KI at 50°. water at 30°. 


1 1 


9*15 

0*047 

3*96 

0*057 

6*96 

0-044 


All these anomalies disappear if it be admitted that, whilst a 
negative charge on the chlorine atom accelerates the hydrolysis 
(compare Oxford and Robinson, J., 1926,384), it is a positive charge 
on the chlorine atom that makes it react more rapidly with potassium 
iodide. This will be the case if, as we suggest, the latter reaction 
involves two stages, the first of which is the formation of a complex 
between the organic chloro-compound and the iodide ion. In the 
second stage, the neutral organic iodo-compound is formed by the 
ejection of a chlorine ion from the complex. The first stage of the 
reaction will proceed at a higher velocity the greater the positive 
charge on the chlorine atom, since this will favour combination 
with the negative iodine ion. On this assumption, our two sets 
of data become consistent among themselves, and with the electron 
distribution deduced for (3- and y-chloro-sulphides in Part I of the 
series. The reaction velocities observed for Ph*S # C 2 H 4 Cl and 
Ph*S*C 8 H 6 d lie respectively below and above that found by Conant 
and his colleagues for Ph^CH^Cl, namely, 0*211.* This confirms 

* This value has been obtained from their figure by use of their interpol- 
; a&on formula and multiplication by 2*302. 
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the suggestion made in Part I that actually the chlorine atom in the 
(3-position is negatively, and in the y-position positively, charged as 
compared with the normal. 

Kirner (/. Amer. Chem . Soc. 9 1926, 48, 2745) has recently found 
three ethers to have reactivities in the order PhOC 2 H 4 Cl< 
PhO•C 3 H 6 C1> PhO*C 4 JI 8 C1, with respect to the potassium iodide 
reaction. The influence of an atom of oxygen and one of sulphur 
in a molecule should be similar, if similarly situated, so that this 
result is in qualitative agreement with the conclusion arrived at in 
Part I that chlorine varies in reactivity (to hydrolysis) with position 
relative to sulphur in the order : p>y<$. 

The introduction of a nitro-group into the nucleus of any of these 
compounds—chloro-sulphides or benzyl chlorides—gives a positive 
charge to the chlorine atom and so alters the velocities of the two 
reactions discussed in the directions observed. No large difference 
of effect was found with orientation of the nitro-group in the o-, m-, 
and ^-positions in the sulphides, which is consistent with the 
conclusion of Oxford and Robinson (Zoc. cit.) that <c the alternating 
effect of a nitro-group cannot be discerned beyond the limits of the 
conjugated system of which it forms a part. 55 In the case of the 
reaction with aqueous alcoholic sodium hydroxide, the intro¬ 
duction of the nitro-group actually increases the reactivity in the 
p-chloro-sulphides. Since in the true hydrolysis the converse 
effect is observed, the increase must be due to the subsidiary reaction 
involving the elimination of hydrogen chloride. 

Experimental. 

Preparation of ^-Hydroxy ethyl and y- Hydroxy propyl Phenyl 
Sulphides .—These compounds were obtained by the condensation of 
sodium thiophenoxide and the respective chlorohydrins: The thio- 
phenol (15 g.), a solution of sodium hydroxide (6 g. in 100 c.c. of 
water), and ethylene chlorohydrin (12 c.c., or 15 c.c. of trimethylene 
chlorohydrin in the case of the propyl compound) were mixed and 
heated to about 60°. When the solution had become neutral to 
litmus, 20 c.c. of W-sodium hydroxide and 4 c.c. of the chlorohydrin 
were added and the mixture was heated for a further 15 minutes. 
The precipitated oil was removed in ether. 

An attempt to distil phenyl (3-hydroxyethyl sulphide under 
diminished pressure gave an unsaturated compound, probably due 
to the splitting out of water from the side chain giving rise to phenyl 
vinyl sulphide. The preparation of the chloroethyl sulphide was 
therefore carried out with the crude hydroxy-compound bymean# 
of the Darzens reaction (preceding paper, p. 1671). The product# 
were removed by ether extraction. , jgjm 
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Phenyl p-ehloroethyl sulphide is a colourless liquid with a rather 
pungent smell and a very slight vesicant action; b. p. 117°/12 mm. 
(Found: Cl, 204. Calc.: Cl, 20*65%). Phenyl y-chloropropyl 
sulphide is a colourless liquid and is not appreciably vesicant; b. p. 
137°/IS mm. (Found : Cl, 18*8. C 9 H n ClS requires Cl, 19*0%). 

Reaction of the Chloro-sulphides with Piperidine .—This reaction 
was investigated with a view to employ it as a means of determining 
the relative reactivities of the chloro-compounds. 

o-Nitrophenyl (3-chloroethyl sulphide (1 g.) was boiled under 
reflux for 8 hours with piperidine (1*2 g.) and alcohol (10 c.c.). The 
mixture was then made slightly alkaline and distilled in steam to 
remove the alcohol and excess of piperidine. The remaining oil 
was dissolved in ether, and the solution dried. On passing dry 
hydrogen chloride into the ethereal solution, a precipitate was 
formed (0*7 g.), m. p. 231°. This compound was soluble in water 
and the addition of sodium hydroxide caused the precipitation of an 
oil, which solidified to give pale yellow crystals, m. p. 45°, 
of o-nitrophenyl $-piperidinoethyl sulphide (Found: N, 10*7. 
^13^18 0 2 N 2 S requires N, 10*5%). The compound precipitated from 
the ethereal solution was therefore the hydrochloride of this 
base. 

Evaporation of the remaining ethereal solution gave a dark 
oil which did not crystallise. It gave a negative result with a test 
for chlorine, but its reaction with potassium permanganate as com¬ 
pared with that of the original chloro-sulphide indicated the presence 
of an unsaturated group. It was therefore probably o-nitrophenyl 
vinyl sulphide. 

Further experiments with only one equivalent of piperidine did 
not give improved yields of the hydrochloride. 

p-Nitrophenyl (S-chloroethyl sulphide, when subjected to the 
same reaction, also gave similar products, namely, a base and an 
unsaturated compound. The hydrochloride had m. p. 217° and 
the free base, p-nitrophenyl $-piperidinoethyl sulphide , melted at 62°. 

Reaction of the Chloro-sulphides with Alcoholic Sodium Hydroxide .— 
A comparison of the reactivities of the chloro-sulphides with alcoholic 
sodium hydroxide was made in the following way: The chloro- 
sulphide (0*001 mol.) was weighed into a test-tube, 5 c.c. of absolute 
alcohol were pipetted on to it, and the mixture was gently warmed 
to bring the organic matter into solution. N /5-Sodium hydroxide 
(5 c.c.) was added, and the tube was stoppered and imm ediately 
immersed in a thermostat. After a definite period of time, the 
contents of the tube were washed out and titrated with standard 
•. hydrochloric acid. 
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The following table 

summarises 

the results: 





Titration of 

Amount of NaOH 



Time 

i reaction mixture 

(expressed as 

Compound. Temp. 

(hrs.). (c.c. of 0-W-HC1). 

c.c. of acid). 

o-N Oa-CsHi-S-C^CI 

55 0 

0*5 

1*87 

8*13 

m-NOVOA-S-C^Cl 

55 

0*5 

2*87 

7*13 

p-7St 0 2 *C 6 H 4 *S*C 2 H 4 C1 

55 

0*5 

1*75 

8*25 

Ph-S-CACl . 

55 

2*0 

7*16 

2*84 

Ph-S-CgHgCl . 

55 

2*0 

9*24 

0*76 

p-N0 2 *C 6 H 4 *S*C 3 H 6 Cl 

55 

2*0 

9-22 

0*78 

Some experiments were 

also conducted at 42°: 


pdtf0 2 *C 6 H 4 *S*C 2 H 4 Cl 

42° 

0*5 

4*00 

6*00 

Ph'S-C 2 H 4 Cl . 


»» 

9*55 

0*45 

p-N0 2 *C 6 H 4 *S*C 3 H 6 Cl 

>5 

99 

9*80 

0*20 

Ph*S*C 3 H 6 Cl . 

JJ 

99 

9*75 

0*25 


When ^-nitrobenzyl p-chloroethyl sulphide was subjected to this 
reaction, some other reaction than replacement of chlorine by 
hydroxyl took place, for a brown compound was produced along 
with a peculiar odour which was always present when an attempt 
to condense the sodium salt of p-nitrobenzyl mercaptan with 
ethylene chlorohydrin did not give the desired tlnoether. The 
hydroxy-compound is also decomposed by sodium hydroxide in a 
manner similar to that of the chloro-compound. 

It follows that with respect to the reaction with sodium hydroxide 
in alcoholic solution, these compounds may be arranged as follows 
in descending order of reactivity: p-N 0 2 *C 6 H 4 *S*C 2 H 4 C1> 
o-N0 2 “C 6 H 4 -S'C 2 H 4 Cl>m-N0 2 -C 6 H 4 -S-C 2 H 4 Cl>Ph-S-C 2 H 4 Cl> 
Ph-S*C 3 H 6 C1 and p-N0 2 ‘C 6 H 4 -S*C 3 H 6 CL The method used is not 
sufficiently accurate to enable a statement to be made as to which 
of the last two compounds is the more reactive. 

Hydrolysis of the Chloro-sulphides .—The chloro-sulphide (0*001 
g.-mol.) was dissolved in alcohol (25 c.c.), and the solution placed 
in a thermostat at 75° for several minutes. Water (25 c.c.) which 
had been immersed in the thermostat was then added, the time 
noted, and the reaction flask stoppered. After a definite time 
interval, the contents of the flask were cooled, diluted with; water, 
and titrated with-standard sodium hydroxide solution. 

Prom this, titration value, the proportion of hydrolysis ( x ) was 
calculated, and values for the relative reactivities were obtained 
from the expression 

Relative reactivity = t x log {1 /(I — # 2 )}/4 log {1 /(I — x x }} } 

t % and x x being the values found for Ph*S*C 2 H 4 Cl. 

The following table summarises the results :— ’ 
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Substance. 

Ph*S*C 8 H 4 Cl. 

o-N0 2 -5 6 H 4 *S*C 2 H 4 Cl.. 

m-NO a *C 8 H 4 *S*C«H 4 Cl 

p-N0 2 *C 8 H 4 -S*C a H 4 CL. 

Ph*S*C a H 8 Cl. 

p-NO a *e 6 H 4 *S*C a H 8 Cl.. 


x. Time (mins.). Pel. reactivity. 


0*748 15 1*0 

0*243 130 0*023 

0*628 130 0*083 

0*460 130 0*052 

0-081 300 0*003 

0*027 300 0*0010 


This order of relative reactivities was confirmed in two further 
sets of experiments. 

y>-Nitrobenzyl p-chloroethyl sulphide is omitted from the above 
list, since the product of its hydrolysis was undoubtedly a mixture. 
After the hydrolysis of 'p-nitrophenyl jS-chloroethyl sulphide, the 
corresponding hydroxy-compound crystallised from the reaction 
mixture. jp-Nitrobenzyl p-chloroethyl sulphide, however, yielded 
an oily product which did not crystallise even on inoculation with 
a crystal of the pure hydroxy-compound. An unsaturated impurity 
was found to be present, 

Beaction of the CUoro-sulphides with Potassium Iodide .—This 
reaction was applied under conditions similar to those used by 
Conant and others (Zoc. cit), namely, the initial concentrations of 
the organic chloro-compound and the potassium iodide were in the 
ratio 5:1, the iodide concentration being approximately 0-041V. 
Absolute acetone, purified as described by Conant and Earner (J. 
Amer. Ghem. Soc. } 1924, 46, 233), was used as solvent. 

Andrews’s method for estimation of iodide in presence of chloride 
(J. Amer. Ghem. Soc. } 1903,25,756), as used by Conant and others, 
was found to be unsatisfactory in the present investigation, owing 
to reaction between the iodic acid and the organic sulphide in the 
chloroform used for indicator. Even after removal of the organic 
compound, the end-point with chloroform as indicator was not 
well defined, and starch could not be used owing to the great acidity 
of the solution. 

A convenient method in which starch can be used as indicator 
was found in that described by Lang {Z. anorg . Ghem ., 1922, 122, 
332), depending on the addition of an oxidising agent (e.g., potassium 
iodate) to an acid solution of an iodide in presence of hydrogen 
cyanide. The iodine is converted quantitatively into iodine cyanide, 
which does not colour starch. As the acidity of the solution is 
approximately normal (when hydrochloric acid is used), starch 
can be used as indicator. Acetone in the titration flask causes a 
temporary fading of the blue starch-iodide colour when near the 
end-point, e.g., a further drop of iodate solution regenerates the 
blue colour, which then fades again on standing: this occurs until 
Ahe true end-point is reached, after which addition of iodate no 
J||$ger causes an evanescent blue colour. Thus, although the 
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acetone does not affect the value for the end-point, its presence mates 
the determination difficult. The acetone was therefore removed by 
passing a current of steam through the solution before titrating it. 

The experimental procedure adopted in these measurements was 
as follows : 50 C.c. of O-OiZ^-potassium iodide (in the pure acetone) 
were added to 0*01 g.-mol. of the organic halide contained in a 
conical flask. The organic compound dissolved rapidly and as 
soon as it was thoroughly mixed, 5 c.c. of the mixture were pipetted 
into a separating funnel containing 20 c.c. of water. This preci¬ 
pitated the organic halide and prevented any reaction: in the 
estimation as subsequently described, this reading gave the blank for 
calculating the concentration of the potassium iodide in the reaction 
and also the value for A 0 in the formula (below). 5 C.c. lots of 
the mixture were pipetted into each of a series of nine tubes (made 
of stout glass tubing, about 6 in. long and 0*5 in. inside diameter) 
which were then sealed up in the blow-pipe flame. These tubes 
were placed in a thermostat at 55*0°. 

After about 30 minutes, one of the tubes was removed and opened 
and the contents were washed into water (10 c.c.). The time was 
noted and this was counted as the zero time of the readings. The 
whole was then extracted with chloroform (four portions of 5 c.c.), 
the chloroform extracts being washed with water (10 c.c.) to recover 
any potassium iodide solution which may have been removed 
mechanically in the chloroform. This aqueous washing of the 
chloroform was finally extracted with 5 c.c. of chloroform. The 
aqueous solution was then distilled in steam for 3 minutes to remove 
the chloroform and acetone, a splash-bulb being used to prevent 
any loss. The mixture, which then had a bulk of about 70 c.c., 
was cooled and concentrated hydrochloric acid (15 c.c.) and potassium 
cyanide solution (8 c.c. of N /2) were added. It was titrated against 
0*003if-potassium iodate solution, starch being used as indicator. 

At definite time intervals, tubes were removed from the thermostat 
and worked up as indicated above, The velocity coefficient was 
calculated from the bimoleeular formula 

_ 2 ^ 02 _ 

where A 0 = blank titration value at the commencement of reaction, 
A ± = titration value at time t v A 2 = titration value at time t 2 , and 
b =s the concentration of potassium iodide in the reaction (calc, from 
A 0 ), time being measured in hours and the concentrations in g.-mol. 
per litre. : 

Except in one instance, the greatest percentage variation among 
the values for k in a series of measurements is less than 10%, which 
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is satisfactory in view of the necessarily complicated experimental 
procedure. 

o -Nitrophenyl $-CMoroethyl Sulphide. —0*01 G.-mol. mixed with 
50 c.c. of 0*04iV r -potassium iodide in pure acetone. Temperature 
of thermostat 55*0°. The titrations (A) are expressed as c.c. of 
0*003Af-potassium iodate. 


^inhrs. 

A. 

k. 

(h~h) i 32 hrs. 

A. 

k. 

— 

32*55 (A 0 ) 

— 

10 

22*16 

0*181 

0 

31*11 (A t ) 

— 

14 

19*46 

0*181 

2 

28*89 

0*193 

18 

17*39 

0*176 

4 

27*04 

0*184 

22 

15*44 

0*174 

6 

25*55 

0*173 

27 ■ 

13*42 

0*177 


Mean 0*180 


Mean value in an independent experiment, 0*177. 


The following table summarises the measurements of the reaction 
velocities of the remaining compounds studied. 

In each case 0*01 g.-mol. of the chloro-sulphide was dissolved 
in 50 c.c. of 0*04W-potassium iodide solution, and the temperature 
of the reaction was 55*0°. 


Substance. 

Limits of k. 

h 

k (independent 
observation). 

m-N0 2 -C 6 H 4 -S*C fi H 4 Cl . 

. 0*180—0*198 

0*189 

0*187 

^-NOg-CeH^S-C^Cl . 

. 0*250—0*267 

0*257 

0*252 

P-N0 8 *C 6 H 4 *CH 2 *S*C 3 H 4 C1 .. 

. 0*206—0*227 

0*215 

0*235 

^-NO a *C ff H 4 *S*C 3 H 6 Cl . 

. 0*817—0*886 

0*836 

0-820 

Ph*S*C 2 H 4 Cl . 

. 0*084—0*100 

0*091 

0-086 

Pb*S*C 3 H a Cl . 

. 0*321—0*342 

0*330 

0-343 


We wish to thank the Chemical Society for assistance in the 
purchase of materials, and the Department of Industrial and 
Scientific Research for a maintenance grant which has enabled one 
of us (W. A. B.) to take part in the work described in this and the 
preceding paper. 

The University, Sheffield. [Received, April Stk, 1927.] 


CCXV .—-The Chemistry of Polycyclic Structures in 
Relation to their Homocydie Unsaturated Isomerides. 
Part VIII. The Differing Effects of the gem- 
Dimethyl and spirocyelo Hexane Groupings an 
the Direction of Blocking of an Intra-annular 
Tautomeric System by Substitution. 

By Christopher Kelk Ingold and Ernest Arthur Seeley. 

In Parts I and II (Parmer and Ingold, J., 1920,117,1362 ; Parmer, 
Jngold, and Thorpe, J., 1922, 121, 128) proof was adduced that 
Jfee bridged-ring ester (I), first prepared by Perkin and Thorpe (J., 
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1901, 79, 729), behaved as though it also had the structure (II), 
and that its derivatives and hydrolysis products exhibited similar 
evidence of tautomeric behaviour. 


a) 90 2 Et( 3 ) 


,(*) 


C0 2 EtO» 


(I.) (more stable type) 


a) C0 2 Et (2) 

W 6o 2 Et(3) 

(II.) (less stable type) 


It then became of interest to ascertain which of the two types of 
structure would be perpetuated when substitution converted the 
tautomeric parent into a static derivative. Thus the sodio-deriv- 
ative of the above hydroxy-ester might methylate on carbon in 
position 2 through form (I) or in position 4 through form (II), 
giving, in the first case, a stable bridged ring, and, in the second, 
a stable monocyclic derivative. This question was answered in 
Part V (J., 1923, 123, 3303) where it was shown that the static 
methyl derivative possessed the bridged constitution (III) and not 
the monocyclic structure (IV): 


C0 2 Et 

<ni.) Me 2 C<V^9^ e ' C ° 2Et 

C0 2 Et 

(static', formed) 



Part IV (J., 1923, 123, 853) recorded an investigation of the 
derivatives of a hydroxy-ester (V, VI) analogous to (I, II) but 
containing a spirocydohexme ring in place of the gem-dialkyl 
group. Ingold and Thorpe (J., 1919, 115, 320) had adduced 
theoretical reasons for believing that the bridged structure in 
type (V) would be less stable than that in type (I); and it was 
subsequently found (Part IV, loc. cit.) that the reactions indicating 
the c^cfopentene phase are actually more pronounced, and those 
indicating the bridged phase less pronounced, in the cyclohexane 
than in the gem-dimethyl series. 


90 2 Et „-*-- 00 2 Et 

C0 2 Et C0 2 Et 

(V.) (less stable form) (VI.) (more stable form) 

It therefore seemed possible that the blocking of the mobile: 
intra-annular system by methylation might occur through. 
unbridged form in the cyclohexane series, the methyl group 
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in position 4, in contrast to the established course of the reaction 
in the pcm-dimethyl series. 

When the methylation product obtained from the sodio-derivative 
of the spirocyclohex&ne ester (V, VI) is boiled with hydrochloric acid, 
a solid acid ester is obtained which may be formulated either as (VII) 
or as (VIII) according as the methyl group occupies position 2 or 4. 


C0 2 Et 

(VII.) 


co 2 h 


C0 2 Et 


C ^> C <C^O 2 

COsjMe 

(VIII.) ( static ; formed ) 


These formulae assume that one of the carbethoxyl groups has 
been converted into a carbomethoxyl group during methylation; 
a partial conversion of this nature was established by Ingold and 
Thorpe (loc. cit.) and similar interchanges have frequently been 
recorded. The position given to the free carboxyl group is tent¬ 
atively assigned on the grounds that the acid ester does not evolve 
carbon dioxide at its melting point. Any doubt which might be 
entertained on these points does not affect the substance of this 
argument. Either type of formula necessarily represents the acid 
ester as a substance in which intra-annular tautomerism has been 
suspended by substitution. 

Hydrolysis of the acid ester with alcoholic potassium hydroxide 
leads to the production of a dibasic acid, C 13 H 16 0 5 , the properties 
of which determine the position of the methyl group. The possible 
constitutions of an acid of this composition derived from an acid 
ester having formula (VII) are given by formulae (IX) and (X); 
on the other hand, if the aoid ester possessed the structure (VIII), 
the dibasic acid might be represented either by (XI) or by (XU). 


(IX.) C 6 H 10 >C<^ 


!Me*CO a H 


!=CMe 


o>°<S 




(pOaH 

^ >c< ^r (xn ° 


Of these four formulae, (XU) alone is consistent with the following 
properties of the isolated acid: (a) It gives a deep violet colour 
with ferric chloride, and is therefore a g-hydroxyacrylie acid, 
(ft) It readily yields a stable cyclic anhydride, from which the 
||priginal acid can be recovered after fission of th6 anhydride ring 
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with hot alk ali, (c) On treatment with a cold dilute solution of 
bromine in acetic acid, the dibasic acid undergoes nuclear sub¬ 
stitution, one atom of hydrogen being replaced (compare Part IV, 
loo . cit., pp. 857—862). 

Formula (XII) connotes, of course, only one of the possible 
intra-annular tautomeric forms possessed by the dibasic acid 
Ci 3 Hi 6 0 5 , and we regard formulae (XIV) and (XV) as representing 
the most probable constitutions of its anhydride and bromo- 
derivative, respectively. 


go 2 h 00-0-90 

(XH.0 <*"■> 

co 2 h 

o s h„> c< V Mc — io' C0 ‘ H (xv -> 


These observations show that the static methylation product 
(VIII) has a formula of the type assigned to it, the tautomerism of 
the spirocyclohexane five-carbon nucleus having been suppressed by 
methylation in a direction conforming to the general chemical 
differences between this series and the corresponding ^em-dimethyl 
series of intra-annular tautomeric compounds. 

These experiments necessitate a revision of the structures which 
Ingold and Thorpe (loc. cit.) assigned to certain derivatives of the 
mobile ester (V, VI) before the intra-annular tautomerism of the 
five-carbon nucleus was discovered. Thus the ester was assumed 
to methylate in position 2 by analogy with the methylation of the 
gem-dimethyl ester (I, II). The formula now suggested for the 
methylated product is XVI (R=Me), the probable structures of 
the fission products, m. p.’s 172° and 185°, being represented by 
XVII and XVIII (R=Me). Corresponding changes are necessary 
in the structures of the homologues (XVI, R=Et; XVII, R=Et; 
XVin, R=H) and derivatives : 



Q0 2 H 

/C—CHR*C0 2 H 

c 5 h 10 >c< ^ 

NoCOC&s 


(XVII.) { 


R = Me, m. p. 172°. 
R = Et, m. p. 149°. 


(XVIII.) {§ 


Me, ra. p. 185°* 

H, m. p* 206V fWiii 
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Experimental. 

Methyl Ethyl Hydrogen 4-M ethyl-5-cyclokexanesipiro-A 1 -cyclope7i- 
ten-3-one-l : 2 : 4-tricarboxylate (VIII).—The yellow sodio-derivative 
(20 g.) of ethyl 5-cycloh.ex&nespirodicyclo-penten-3-ol-I : 2 :4-tri- 
carboxylate was heated with a large excess of methyl iodide as 
described by Ingold and Thorpe {be. tit.), and the crude inethylation 
product (19 g.) was boiled for 12 hours with 20% hydrochloric acid. 
On extraction with ether a stiff gum was obtained which solidified 
after 2 months; the acid ester was then crystallised from ether- 
ligroin. It separated in prisms, m. p. 92—93° (Found: C, 60-9, 
61*0; H, 6*7, 6*8; M, by titration, 339. C 17 H 22 0 7 requires 
C, 60*4; H, 6*6%; M , monobasic, 338). 

4-Methyl~5-cyclohexanesjgiro- (0 : 1 : 2) -dicyolopenten- 3-oM : 2-di- 
carboxylic Acid [4-Methyl-5-cyclohexanespiio-{0 :1 : 2)-dicyclope?i- 
tan-3-one-l : 2-dicarboxylic Acid ] (XII).—The above acid ester was 
boiled with 2*2 parts of potassium hydroxide in 42V-solution in 
absolute methyl alcohol, and after 6 hours the precipitate was 
collected, dissolved in water, and decomposed by dilute hydro¬ 
chloric acid (carbon dioxide was evolved). The aqueous solution 
was extracted thoroughly with ether, and the acid thus recovered 
was crystallised first from ether-ligroin and then from ether (Found : 
C, 61-8; H, 6*4; M, by titration, 126*3. C 13 H 16 0 5 requires C, 
61*8; H, 6*4%; M, dibasic, 126*1). 

The acid has m. p. 214—216°, and with an aqueous alcoholic 
solution of ferric chloride gives an intense violet coloration which 
after several minutes is replaced by a yellowish-brown precipitate. 
A dilute solution of permanganate was decolorised in about 1 minute. 
Oxidations with permanganate and with ferricyanide were tried on 
a larger scale under various conditions, but the products could not 
be crystallised. 

The Anhydride (XIV).—Theacid (0*4g.) was heated for 20 minutes 
with 6 c.c. of acetyl chloride at 100°, and the residue obtained on 
evaporation was rubbed with aqueous sodium hydrogen carbonate 
and dried on porous porcelain. Subsequent treatment indicated the 
presence of a small amount of unchanged acid, which was difficult 
to remove by crystallisation, and the product was therefore again 
treated with acetyl chloride and the residue crystallised twice 
from ether-ligroin; large, pale green prisms, m. p. 95°, were then 
obtained (Found by microanalysis: 0, 65*9, 66 3; H, 6*0, 6*6. 
Ci 3 Hi 4 0 4 requires C, 66*6 ; H, 6*0%). The green colour of this 
substance, which is absent from the acid, is similar to that of keto- 
malonic ester, which also contains a cross-conjugated system. The 
5;$phydride is affected only very slowly by boiling water, but is 
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hydrolysed by hot aqueous sodium hydroxide, yielding the sodium 
salt of the original acid, m. p. 214—216° (mixed m. p. the same). 
A solution of the anhydride in ether-ligroin gives precipitates with 
2 >-toluidine and ^-chloroaniline which are soluble with effervescence 
in sodium hydrogen carbonate and are therefore presumably the 
substituted amic acids. The anhydride does not give a colour with 
ferric chloride, but rapidly decolorises permanganate. 

The methyl-alcoholic filtrate from the potassium salt of the 
dibasic acid, on being worked up for organic acids, yielded a con¬ 
siderable amount of gum together with a small amount of a solid 
acid, which, after several crystallisations from benzene, had m. p. 
102—105°, but still did not appear quite pure. The investigation 
of thi s had to be discontinued for lack of material. 

2-Bromo-4:-methyl‘5-cyclohex(ines])TJLO-(0 : 1 : 2)-dicyclqpeftfcm-3- 
one-l : 2-dicarboxylic Acid (XV).—The above dibasic acid (0*37 g.), 
dissolved in 10 c.c. of glacial acetic acid, was treated with 3 c.c. 
of a 10% solution of bromine in acetic acid (theory, 24 c.c.). After 
4 hours, the bromine was nearly decolorised. On concentration of 
the acetic acid solution at the ordinary temperature, the bromo- 
acid readily crystallised. It separated from ether—benzene in small 
prisms, m. p. 197—198° (Found: Br, 23*6. C 13 H 15 0 5 Br requires 
Br, 24-1%). 

4:-Methyl-5-cyclohexanespirocyclopentan-3-one-l-carboxyMc Acid 
(XIH).—The acid ester (VIII) was heated for 3 hours at 135—150° 
with constant-boiling hydriodic acid. The liquid was extracted 
with ether, and the iodine Amoved from the extract with aqueous 
sodium hydrogen sulphite. The product obtained on evaporation 
of the ether contained sulphur, but this was readily eliminated by 
crystallisation from ether-ligroin, which yielded the pure mono¬ 
basic acid, m. p. 114—116° (Found: C, 684; H, 8 * 6 . C 12 H 1 B O 0 
requires C, 68-5; H, 8 * 6 %). 

The semicarbazone, prepared from the acid, semicarbazide hydro¬ 
chloride, and aqueous sodium acetate, has m. p. 223° (Found: 
C, 58*6; H, 8 * 2 . C^H^C^N^ requires C, 58*8; H, 7*9%). 

Gums which cannot be crystallised were obtained on attempting 
to oxidise this ketonic acid with permanganate and ferricyanide at 
20—60°. 

We desire to thank the Chemical Society for defraying part of 
the cost of this investigation. 

The University, Leeds. The Technical College, Derby. 

[Received, May llth, 
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CCXVI .—The Nature of the Alternating Effect in Carbon 
Chains. Part XX. The Conditions underlying 

Vicinal Substitution in o-Substituted Benzenes 
containing oj>-Orienting Groups . 

By Chbistophee Kelk Ingold and Ernest Walter Smith. 

In Part V it was shown (Ingold and Ingold, J. } 1926, 1310) that 
whilst acet-o-anisidine (I) and acet o -A-methyl-o-anisidine are 
nitrated mainly in the 4- and 5-positions, ON -diacetyl-o-amino- 
phenol (II), in which the disparity between the op-orienting powers 
of the groups is much greater, yields a large proportion of a vicinal 
nitro-derivative: 

• 1*5% 23% 

(I.) /NnHAc /NnHAc (II.) 

I JOMe IJOAc 

The nitration of o-fluoroanisole which was recorded in Part VI 
(ibid., p. 1328) provided a still more striking example (III) of 
vicinal substitution in a nucleus o-disubstituted with op-orienting 
groups, and in Part VII (ibid., p. 1685) the hypothesis was advanced 
that, in general, the proportion of ^-substitution is a function of the 
disparity between the polar activities of the groups. It was sug¬ 
gested, as a possible explanation, that in an unbalanced system in 
which the reaction phases are determined almost wholly by one 
group, the second group may regulate the relative importance of 
these by controlling the displacement of valency-electrons past the 
points more directly under its influence. 

An opportunity for testing this matter appeared to be provided 
by the recorded observations on the substitution of the halogen 
derivatives of benzene. Thus the experiments of Holleman (Bee. 
trav. chim 1915,34,204) and Swarts (ibid., 35,131) on the nitration 
of o- and p-dihalogenobenzenes indicate the sequence F<Cl,Br<I 
for the op-directive powers of the halogens; and although (owing 
to the mutual interference of the groups) caution is necessary in 
generalising from such observations when the directive powers of 
the groups are close together (as with Cl and Br), the complete 
sequence F<Cl<Br<I is indirectly confirmed by the regular 
gradation of the nuclear reactivity of the monohalogenobenzenes 
(Olivier, ibid., 1914, 33, 244; and unpublished observations by 
Miss F. R. Shaw), and of the dipole moment of comparable mono- 
and di-halogeno-derivatives (Hojendahl, Nature , 1926, 117, 896; 
i Itoera, Compt. rend., 1926, 182, 1623). 
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The methoxyl group is more strongly op-orienting even than 
iodine (see below), and hence the above sequence can be expanded 
to F<Cl<Br<I<OMe. Therefore, if the circumstances regulating 
vicinal substitution have been correctly conceived, the successive 
introduction of these groups into the o-position of anisole should 
produce a series of substances which, taken in order, should show 
diminishing ^-substitution. Since the proportion of ^-nitration of 
o-fluoroanisole has been shown to be 66 % (Part VI),* whilst that of 
veratrole (VII) is 0%, the other o-halogenoanisoles should fall into 
their places between these limits. 

No support for this deduction was forthcoming from the literature. 
The nitration of o-chloroanisole has been investigated successively 
by Fisclili (Ber., 1878, 11, 1463), Reverdin (Ber., 1896, 29, 2598), 
and Reverdin and Eckhard (Ber,, 1899, 32, 2622), all of whom 
describe the 4 -nitro-derivative, but none mentions the formation of 
any by-product. Reverdin also nitrated o-bromoanisole (loc, cit.) 
and o-iodoanisole (ibid., p. 997), but in neither case observed the 
formation of any isomeride of the 4-nitro-compound. We therefore 
re-investigated the nitration of all these substances, and are able 
to show that the 6 -nitro-compounds also are formed, and that the 
proportions of vicinal substitution fit into the series as is shown in 
the following formulae (IV, V, VI): 


66 % 56% 52% “ <38% 0% 



(in.) (IV.) (V.) (VI.) (VIL) 


Since the total proportions of the 3- and 5-isomerides oriented by 
the halogen atoms are only of the order of 2 — 3 % (see experimental 
portion), the diminishing vicinal substitution in the above series is 
accompanied by a closely corresponding increase in substitution 
para to the methoxyl group. 

Experimental. 

Nitration of o- Chloroanisole .—A cooled solution of 3*1 g. of nitric 
acid (d 1*5) in acetic anhydride (12 c.c.) was very slowly added to a 
solution of o-chloroanisole (10 g.) in acetic anhydride (40 c.c.), 
which was cooled in ice and mechanically stirred. When the addi¬ 
tion was complete, the solution was allowed to warm to * the 
laboratory temperature and to remain thereat for several hours, 

* A still more extreme case of ^-substitution can be foreseen in o-fiuoro- 
acetanilide, which has not yet been investigated, but should yield sl^gfe^fel 
more than 66% of the 6-nit ro - derivative under the conditions used ; ; 1 
investigation and in Part VI. •• 
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after which the solvent was removed by distillation under reduced 
pressure. Distillation of the product yielded 0*8 g. of unchanged 
o-chloroanisole, b. p. about 100°/13 mm. (Found : C, 56-5; H, 4*8. 
Calc.: C, 56*2; H, 4*9%), and 0*5 g. of undistillable residue, pro¬ 
bably dinitro-derivatives, the whole of the remainder being a mixture 
of mononitro-derivatives (Found: C, 44-9; H,3*2; N,7*7. Calc.: 
C, 44*8; H, 3*2; N, 7*5%) having b. p. 125—165°, which is the 
b. p. range of an artificial mixture of 4- and 6-nitro-2-chloroanisoles 
(see below). 

The mononitro-derivatives were boiled under reflux with 5% 
sodium hydroxide for 1 hour, preliminary experiments having 
shown that the labile isomerides (3- and 5-) are completely decom¬ 
posed under these conditions and that the reagent is without action 
on the 4- and 6-nitro-compounds. The latter were extracted with 
ether, the aqueous solution was acidified with dilute nitric acid, 
and the nitroguaiacois were extracted with the same solvent. The 
chloride ion was then estimated either gravimetrically or volu- 
metrically. The values in three separate nitrations were 1*64%, 
1*61%, and 1*50%. The yield of mixed nitroguaiacois isolated by 
extraction with ether from the combined aqueous solutions obtained 
in the three experiments was equivalent to 1*4% of converted 
chloronitroanisoles, that is, the yield was 89% on the basis of the 
chloride estimations. Distillation in steam yielded a yellow solid 
which when crystallised from water gave a small amount of 3-nitro- 
guaiaeol, m. p. 61°, identified by direct comparison; and crystall¬ 
isation of the original mixture yielded 5-nitroguaiacol, which was 
similarly identified. 

The mixture of 4- and 6-nitro-compounds contained in the 
ethereal extract from the alkaline solution was analysed by the 
freezing-point method either directly or after distillation (b. p. as 
before), preliminary experiments having shown that operations 
corresponding with those described above do not affect the results 
obtained. 

For the construction of the f. p. diagram, 2-chloro-4-nitroanisole 
(m. p. 95°) was prepared and purified as described by Eeverdin. 
2-Chloro-6-nitroanisole was obtained by Holleman (Rec. irav . chim 
1915, 35 , 14) from 2 :3-dichloronitrobenzene and sodium methoxide, 
but thin method being unsuitable for the preparation of quantities 
sufficient for our purpose, the following process was evolved. 
o-Chlorophenol was added slowly to mechanically stirred, dilute 
nitric acid (1:3), and the mixture kept over-night at the ordinary 
temperature. The solid product was then collected, washed with 
water, and distilled in steam; from the distillate, bright yellow 
i*eedl?s of 2-chloro-6-nitrophenol, m. p. 70° (softening at 65°), 
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separated. This was methylated with a large excess of methyl 
sulphate and dilute alkali by prolonged mechanical shaking at 40°. 
The product was collected, washed with sodium or ammonium 
hydroxide until colourless, and crystallised several times from 
aqueous alcohol; m. p. 56° (Found: C, 44-9; H, 3*4. Calc.; 
0,44*8; H, 3*2%). 

The freezing points were taken by the usual method in a double- 
jacketed tube, provided with arrangements for stirring and seeding, 
and surrounded by a water-bath, which was also stirred and kept 
at an approximately constant level well above the substance under 
examination. The rate at which the temperature was allowed to 
fall was always close to 0*3° per minute, and the maximal tem¬ 
peratures attained during freezing were accepted as valid readings 
provided that (a) the rise from the preceding minimum was close 
to 0*5°, (6) separation of solid with falling temperature but without 
total solidification did not take place. Temperatures were not 
corrected, but all were taken under the conditions mentioned on the 
same thermometer, which was graduated in fifths of a degree and 
could be read to tenths or less. The following values were obtained 
for mixtures of 2-chloro-4-nitroanisole and 2-chloro-6-nitroanisole ; 


2-Chloro-4- 2-Chloro-4- 2-Chloro-4- 


nitroanisole. 

F. p. 

nitroanisole. 

F. p. 

nitroanisole. 

F. p. 

100*0% 

94-0° 

66*3% 

72*9° 

30*1% 

34*8° 

91*7 

89*3 

61*0 

71*0 

28*9 

37*9 

86-5 

86*6 

56*9 

67*6 

26-2 

39*9 

82*5 

84*0 

63*2 

64*7 

24*0 

41*1 

78*9 

81*9 

47*1 

68*0 

20*0 

43*0 

76*6 

80*0 

42*8 

52*6 

16*6 

44*6 

73*9 

79*0 

38*1 

47*0 

13*0 

47*0 

72*1 

77*6 

34*3 

42*0 

8*3 

48*8 

68*4 

76*0 

31*8 

38*6 

0*0 

63*3 


These figures lie on a two-branch curve showing a eutectic, 


f. p. 34*8°, containing 30*1% of the 4-nitro-isomeride. 

The f. p.'s of samples of mixed 4- and 6-nitro-compounds obtained 
in independent nitrations were 53*9° and 5T2°, which correspond 
with 43*2 and 41*3%, respectively, of the 4-nitro-derivative, since 
in each case the addition of small amounts of this compound raised 
the f. p. Another sample, f, p. 54*2°, corresponding with 43*8% of 
the 4-nitro-compound, on treatment with 22, 34, and 49% of its 
weight of the 6-nitro-derivative, had f. p/s 44*7°, 40*8°, and 36-8°, 
respectively, which agree closely with the curve. 

The most probable values of the proportions of the isomerides 
to the nearest unit % are therefore : 4-nitro, 42%; 6-nitro, 56%; 
3- plus 5-nitro-, 2%. 

The value for the 4-nitro-compound was confirmed by separation 
after the destruction of the 3- and 5-nitro-derivatives. The mil 
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of the 4- and 6-nitro-compounds (10*00 g.) was fractionally crystall¬ 
ised from dilute alcohol, 32% of the pure 4-derivative being obtained. 
The combined residues had f. p. 46° on the branch of the f. p. curve 
in which the solid phase is the 6-nitro-isomeride. It follows that 
both isomerides can be qualitatively separated by crystallisation 
from dilute alcohol, followed by partial solidification of the fused 
residues. The above f. p. corresponds with 15% of the 4-nitro- 
eompound, so that the quantity originally present was 32 -f 
(0-15 x 68) = 42*2% of the binary mixture, that is, 41*6% of the 
original nitration product. 

Nitration of o-Bromoanisole .—These experiments were so similar 
to the preceding series that only the more important differences 
need be mentioned. 

Boiling with alkali for 4 hours was carried out to ensure complete 
destruction of the 3- and 5-nitro-compounds. 

2-Bromo-6-nitrophenol, m. p. 65°, which was prepared in the 
same way as its chloro-analogue, could not be methylated con¬ 
veniently with methyl sulphate, and was therefore converted into 
its silver salt, which was heated under reflux with a large excess of 
methyl iodide dissolved in benzene. Final purification was effected 
as in the case of the chloro-eompound. M. p. 66°. 

The whole of the f. p. curve of the 4- and 6-nitro-compounds was 
not plotted, but only a portion containing the f. p. of the nitration 
mixture on each branch and the eutectic. It was found convenient 
to allow a slightly higher rise of temperature on freezing, and 1*0° 
was the standard taken. 

The results were as follows : The products from two independent 
nitrations yielded bromide ion corresponding with 2*70 and 2*67%, 
respectively, of the 3- plus 5-isomerides, and the yield of mixed 
nitroguaiacols was 85% calculated on this basis. The f. p. curve 
used for analysis of the mixture of the 4- and 6-nitro-compounds 
was based on the following f. p. observations ; 

2-Bromo-4- 2-Bromo-4- 2-Bromo-4- 


nitroanisole. 

F.p. 

nitroanisole. 

F. p. 

nitroanisole. 

F. p. 

0*0% 

64*3° 

23*7% 

49*4° 

36*9% 

52*0° 

7«I 

59*6 

26*2 

47*1 

42*2 

56*2 

13*3 

55*7 

27*3 

46*8 

43*4 

57*5 

17*7 

52*8 

29*7 

46*8 

45*8 

60*0 

20*2 

50*9 

32*2 

48*3 

50*5 

65*0 


The curve contains two rectilinear branches intersecting at 29% 
of the 4-nitro-eompound, the corresponding f. p. being 45*5°. The 
binary mixtures obtained from two nitration experiments had i p.’s 
60*0° and 61*8°, indicating, respectively, 46*0 and 47*5% of the 
4-nitro-derivative, since additions of small amounts of this isomeride 
to the first sample showed the f. p. to be on the corresponding 
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branch of the curve. The second sample was mixed with the 
exact quantity of the 6-nitro-isomeride calculated to change the 
composition to that of the eutectic. The f. p. was then 45-0° and 
the addition of further small quantities of the 6-nitro-compound 
raised this. 

The most probable values of the proportions of the isomerides 
to the nearest unit % are therefore : 4-nitro-, 45%; 6-nitro-, £>2%; 
3- plus 5-nitro-, 3%. 

Nitration of o-Iodoani$ole .—o-Iodoanisole was nitrated in acetic 
anhydride solution (a) under the conditions used for the analogous 
chloro- and bromo-compounds, (b) at greater dilutions, (c) at a 
lower temperature, — 10° to — 5°. In each case, a small amount 
of iodine was liberated which afterwards became reabsorbed. For 
this reason, and also because it was not found possible selectively 
to destroy the 3- and 5-nitro-compounds by alkalis or bases (despite 
numerous exploratory experiments with o-iodonitrobenzene), we 
were unable to study the nitration product quantitatively. Rever- 
din (be. cit.) isolated 60% of the 4-nitro-compound from his nitration 
product, and we therefore endeavoured to isolate as much as 
possible of this isomeride by his method. From the products of 
two independent nitrations we obtained 62% and 58%, respectively, 
of this isomeride, but the residues could not be separated. 

The University, Leeds. [Received', May 1 1th, 1927 .] 


OCXVII .—Investigations in the Diphenyl Series. Part 
VI. The Configuration of Diphenyl Derivatives. 

By Frank Bell and Percy Harry Robinson. 

The normal and the acid quinine salt of 4-nitrodiphenie acid can 
be crystallised without showing any sign of resolution. 6-Nitro- 
diphenic acid is readily resolvable, and the optical activity is 
apparently of a normal degree of permanence. This striking differ¬ 
ence in behaviour of two such similarly constituted acids can be 
accounted for only by the assumption that the presence of the 
nitro-group in position 6 is essential to prevent the interchange 



of the enantiomorphs (I) and (II). The fact that it has so'Im¬ 
proved impossible to prepare tetranitrofluorenone (III) or tttr&* 
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nitrophenanthraquinone (IV), whilst diphenic acid and benzil 
readily yield tetranitro-derivatives (V and VI), could be anticipated 



from this “ obstacle ” theory. Moreover, it would be expected 
that diphenic acids unsubstituted in the 6 :6'-positions should 



form anhydrides, in spite of many statements to the contrary ( e.g ., 
Adkins, Steinbring, and Pickering, J. Amer. Ghem. Soc., 1924, 
46, 1918; Underwood and Koehmann, ibid., p. 2069). It is now 
found that 4-nitro- and 4 :4'-dinitro-diphenic acids yield anhydrides 
under suitable conditions; an attempt to prepare the anhydride 
of 6-nitrodiphenic acid was, however, unsuccessful. According 
to the present hypothesis, a diphenyl derivative with two suffi¬ 
ciently large groups in the 2- and 2'-positions, that is, groups which, 
owing to size or electrical character, are unable to pass the 
6'- and 6-positions, respectively, should be capable of resolution 



(VII and VIII). Suitable derivatives for testing this point have 
not yet been obtained. The dicamphorsulphonyl derivative of 
2:2'-diaminodiphenyl was a viscous mass, and the camphor(and 
bromocamphor)-sulphonates of several 2:2'-derivatives of tetra- 
methylbenzidine proved unsuitable for crystallisation. Menthyl 
hydrogen and di-d-p-octyl diphenates were not obtained in a solid 
condition, but dimenthyl and d-(3-octyl hydrogen diphenates were 
crystallised from several solvents without showing any indication 
of resolution. The resolvability of such compounds is therefore 
still an open question. 


, Expeeimintal 

Optically Active 6-Nitrodiphenic Acid .—Morphine hydrate (7*7 g.) 
was added to a boiling solution of 6-nitrodiphenic acid (7*2 g.) 
, in alcohol (500 c.c.). The precipitated salt (7-8 g.; m. p. 224°) 
g? (Found : C, 63*6, 63*7; H, 5-4, 5*3%. [a]^ —87-5° in pyridine, 
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c =s 4*99; l = 2*0) was extracted repeatedly with boiling alcohol, 
and the product ([a] 6461 —91*5° in pyridine; c = 4*81; Z = 1*0) 
was dissolved in a large bulk of boiling water and decomposed 
with a slight excess of hydrochloric acid. The solution was extracted 
with ether, and the extract was repeatedly washed with dilute 
hydrochloric acid, dried with sodium sulphate, and then evaporated 
to dryness. The residue was further purified by reprecipitation 
from solution in ammonia by hydrochloric acid. The d + dl- 6- 
nitrodiphenic acid melted indefinitely at 240—245°, and had 
Mmsi +56*2° (c = 5*91; Z = 1*0) in absolute ethyl alcohol. 

The alcoholic mother-liquor containing the more soluble salt 
(W 546 I —84*6° in pyridine solution; c = 5*0, Z = 1*0) was concen¬ 
trated and poured into dilute hydrochloric acid, and the precipitated 
l _{. dl -acid recovered as described above. The l + dl -acid melted 
at 239—245° and had [a] 5461 —66*7° in ethyl alcohol (c = 5*07; 
l = 1-0). Quinine hydrogen 6-nitrodiphenate was equally suitable 
and after one crystallisation gave on decomposition the d + dZ-aeid 
with [a] 6461 +62°. 

The acid ([ajg^ —66*7°) was dissolved in boiling acetic acid 
and allowed to crystallise slowly. The acid which crystallised 
had M 5461 —57-6®, whilst the mother-liquor, on evaporation to 
dryness, gave an acid with [a ] 6461 —60*3°. Solutions of four different 
samples of acid having a 6461 = —1-12°, —2*90°, --3-38 0 , and +3*32° 
respectively in absolute ethyl alcohol were left in corked flasks at 
laboratory temperature for 6 months; they then had the values 
='—1*11°, —2*92°, —3*24°, and +3*24°, respectively. 

Dichloride of 4,-Nitrodiphenic Acid. —The acid was added slowly 
to warm thionyl chloride, and the resultant solution evapor¬ 
ated to dryness in a vaouum. The residual solid crystallised from 
benzene-light petroleum as a pale yellow powder, m. p. 90— 
92° (Found: C, 52*6; H, 2*1. C 14 H 7 0 4 NCI 2 requires C, 51*8; 
H, 2*2%). 

4:-Nitrodiphenic Anhydride .—Thionyl chloride was added drop 
by drop to 4-nitrodiphenic acid, and the resultant solution evapor¬ 
ated to dryness in a vacuum. The residual solid crystallised from 
acetic anhydride in small needles, m. p. 205—207° (Found : 0, 62*8; 
H, 2*4. C 14 H 7 0 5 N requires C, 62*4; H, 2*6%). 

4: A r -Dinitrodvphenic Anhydride .—4 : 4'-Dinitrodiphenic acid 

(1*9 g.) and its acid chloride (2*1 g.) were heated under reflux with 
acetic anhydride for several hours. On cooling, the liquid filled 
with small prisms, which sintered at 125° and melted at 232—234° 
(Found: C, 51*9; H, 3*0; loss on drying to constant weig^iv 
at 130°, 24*3. C 14 H 6 0 7 N 2 ,C 4 H 6 0 3 requires C, 51*9; H, 2*9; 
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a powder, m. p. 233—235° (Found : C, 54*1; H, 2*1. C 14 H 6 0 7 N a 
requires C, 53*5; H, 1*9%). 

Dichloride of %-Nitrodiphenic Acid (compare 4-nitrodiphenic 
acid).—This was a pale yellow powder, m. p. 87° (Found : C, 51*8; 
H, 2*2. C 14 H 7 0 4 NCl2 requires C, 51*8; H, 2*2%). Attempts to 
prepare the anhydride of this acid resulted in viscous products 
only. 

2 : 2'-Dibenzamidotetramethylbenzidine , prepared by interaction 
of the components in pyridine, separated from benzene as a crystal¬ 
line powder, m. p. 201° (Found: C, 75*9; H, 6*1. 
requires C, 75*3; H, 6*3%), and 2 : 2 r -di-pJoluenesulphonylamido- 
tetramethylbenzidine, similarly prepared, crystallised from alcohol 
in leaflets, m. p. 203° (Found: C, 62*8; H, 5*8. C^H^O^Sg 
requires C, 62*3; H, 5*9%). 

2-Aminotetramethylbmzidine, prepared by the same method as 
2 : 2'-diaminotetramethylbenzidine, crystallised from alcohol in 
plates, m. p. 138° (Found: C, 74*8; H, 7*8. G 16 H 21 N 3 requires 
C, 75*3; H, 8*2%). 

d-$-Octyl hydrogen diphenate , prepared from diphenic anhydride 
and d-p-octanol in the usual way, formed large needles, m. p. 
70—73°, when crystallised from light petroleum (Found: equiv., 
349. CggHggC^ requires equiv., 354). It was unchanged in rotatory 
power ([a] D +51°; c = 5*0; l — 1*0 in absolute ethyl alcohol) 
by recrystallisation from light petroleum or aqueous ethyl 
alcohol. 

Bichloride of Diphenic Acid. —Diphenic acid (20 g.) was dissolved 
in warm thionyl chloride (100 c.c.), and the excess of thionyl chloride 
then removed in a vacuum. The residue was boiled with benzene, 
and the solution was filtered from diphenic anhydride (2—3 g.) 
and diluted with light petroleum. A yield of 80% of the dichloride, 
m. p. 97°, was obtained. 

Dimenthyl Diphenate.—{a) A solution of equivalent quantities of 
menthol and diphenic acid dichloride in ether was boiled for 15 hours 
in the presence of potassium carbonate. Water was then added 
and the ethereal layer was separated, dried, and evaporated. The 
oily residue was dissolved in light petroleum, from which it separated 
in plates (yield 30%), m.p. 123—126°, [cc] mi -118*6°, which, after 
recrystallisation from light petroleum, had m. p. 126° and [oc] 546I 
—120*4° in chloroform solution (c == 4*88, l = 2*0) (Found: C, 78*5; 
H, 8*3* requires G, 78*7; H, 8*9%). \b) A solution of 

equivalent quantities of menthol and diphenic acid dichloride in 
pyridine, after standing for 12 hours, was poured into water, and 
Jfche resulting precipitate crystallised from light petroleum. Suc- 
^pive crops had [*] mi -119*6°, -119*2°, -119*0° (yield 60%), 
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and after recrystallisation from light petroleum or acetic acid the 
ester had M 5461 —120*3° (c = 4*94, l ==, 2*0). 

One of the authors (F.B.) is in receipt of a grant from the Depart¬ 
ment of Scientific and Industrial Research. 

Battersea Polytechnic, S.W. 11. [ Received , May llth , 1927.] 


CCXVIII .—Styrylpyrylium Salts. Part IX. Colour 
Phenomena associated with Benzonaphtha - and 
Dinaphtha-spiropyrans. 

By Robert Dickinson and Isidor Morris Heilbron. 

In a previous communication (this vol., p. 14) a preliminary account 
was given of the remarkable property exhibited by di-p-naphtha- 
spiropyiML of forming in cold inert solvents colourless solutions 
which develop an intense violet-blue colour on heating; on cooling, 
the colour disappears and the substance may be recovered tin- 
changed. This phenomenon, which may be repeated any number 
of times, we tentatively suggested might be accounted for by 
intramolecular change from the spw*o-type (I) to the ortho - quinonoid 
system (II), a view which has been advanced by LOwenbein and 

(i.) ^ 

c 10 h 6 <^^>c^ ch -°5>c 10 h 6 (HO 

Katz also (Ber., 1926, 59, 1377), who almost simultaneously 
observed the same effects in the case of the 3-methyl, phenyl, and 
benzyl derivatives of the above compound. 

On the other hand, Dilthey, Berres, Holterhoff, and Wiibken 
(J. pn Chem.y 1926, 114, 179), who have also examined this 
phenomenon, reject the quinonoid hypothesis on the grounds that 
(i) whereas true quinones mostly show a bathochromic effect in 
piperidine solution and never a hypsochromic action, di-p-naphtha- 
spiropyran gives only a yellow solution which is unaffected by heat 
(compare Dilthey and Wizinger, Ber., 1926,59,1856), and (ii) neither 
dibenzospiropyrans nor mixed benzo-p-naphthaspiropyrans show 
any alteration in colour either on melting or in solvents, althopgh . 
quinone formation is equally possible in both oases. They OQttkij 
elude that the appearance of colour is due to ionic dissociation* 
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coloured form being represented as a heteropolar molecule of the 
type (III): 



The possibility of the phenomenon being due to free radical 
formation has been considered by Lowenbein and by Dilthey, both 
concluding that such a view is incorrect. Dilthey treated a hot 
solution of di-P-naphthaspiYopyian in chlorobenzene with a stream 
of oxygen for an hour, and was unable to detect any change; a 
similar result was obtained with hydrogen. These two experiments 
show the absence of ter valent carbon and univalent oxygen, 
respectively. We have repeated the former, and also, on passing 
oxygen through a solution of the compound in toluene at 100°, 
could not detect any change, even after 15 hours’ treatment. 
Further, we find that the colour is unchanged by the addition of 
quinol, a reagent which almost instantaneously reduces all the 
known types of radicals, with disappearance of the colour (compare 
Ingold, Ann . Bep., 1924, 21, 115—121). In addition, both Lowen¬ 
bein and Dilthey have definitely shown that the molecular weights 
of these compounds are normal, whether the solution is coloured 
or not. 

We have now made a very extensive examination of various 
sptropyrans, and whereas we are in agreement with Dilthey that 
the colour effect is ionic in character, it will be shown that other 
factors enter into the case. In the first place, we have prepared 
benzo-fi-naphthaspixopyran (IV) by the acid condensation of 2-naph- 
thol-l-aldehyde with o-hydroxystyryl methyl ketone, followed by 
hydrolysis of the resulting styrylpyxylium salt, and find that it 
exhibits, contrary to Dilthey’s generalisation, the characteristic 
colour changes in solution, a wine-red colour being developed in hot 
solvents. We have also prepared the 3- and S'-methyl derivatives 
of (IV). The former was obtained by condensing 2 :3-dimethyl- 
benzopyrylium chloride (Decker and Fellenberg, Annalen, 1909, 
364, 26) with 2-naphthoI-l-aldehyde and resembles the parent 
benzo-p-naphthaspiropyran in all respects, giving a deep red solu¬ 
tion in boiling xylene and melting to a reddish-purple liquid. On 
the other hand, the isomeric S'-methylbenzo- fi-naphthaspkopymn, 
; ; v the preparation of which from the condensation of 2-naphthol-l- 
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aldehyde with o-hydroxystyryl ethyl ketone definitely fixes its 
structure, gives no coloured solutions in boiling solvents, nor does 
it melt to a coloured liquid. This compound is undoubtedly 
identical with that obtained by Dilthey and his co-workers ( loc . cit.), 
who, however, from their method of preparation were unable 
definitely to fix its constitution. We have also prepared 3 : 3 r -di- 
methyldi-fi-naphthaspiropyran (Y), ethyl di-$-naphthaspiropyran- 
3 : W-dicarboxylate (VI), and 3 : Z'4rimethylenedi-$-naphtM$iph:Q- 
pyran (VII), none of which gives rise to highly coloured solutions. 



These experiments taken in conjunction with the work of L6wen- 
bein and Katz [loc. cit.) lead to the conclusion that the conditions 
necessary for colour development are not wholly governed, as 
stated by Dilthey and his co-workers [loc. cit.), by the loading of 
the spiropyx&n with two naphthalene nuclei, but that the determin¬ 
ing factors are (a) at least one naphthalene nucleus must be present 
and (b) the 3' -carbon atom in the naphthapyran ring must be unsub - 
stituted. 

The obvious deduction to be drawn from (a) is that the ionised 
molecule arises through scission of the naphthapyran ring. Further¬ 
more, when it is considered that the system thus produced contains 

v a' + 

a strongly polar, conjugated group, C=C™CH=CH—R (in 
which R represents the positively charged pyran residue), it will 
be seen that conditions peculiarly conducive to co-ordinated ring 
formation exist. In this connexion, factor (b) becomes operative. 
In the first place, it definitely proves that the quinonoid formulation 
fails to account for the observed facts. Seoondly, it follows that, 
so long as the 3'-carbon atom in the benzo-P-naphtha^piropyrans is 
unsubstituted,- “ chelate ” formation can readily occur, but that 
this process is absolutely precluded when any other group is sub¬ 
stituted for the free hydrogen atom. The same condition holds 
for the di-p-naphthaspiropyrans: here the positions 3 and 3' are 
identical, but at least one of them must be unsubstituted. The 
cumulative experimental evidence has consequently forced us to 
the conclusion that the colour development is the result of a serial i 
of changes in which equilibrium is established betweenthe, 
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spzropyran and an ionised “ chelate ” compound, as represented by 
the following formulae: 



We are extending this investigation to include the influence of 
substitution in the 4- and 4'-positions of the spiropyran nucleus. 
It remains to be mentioned that we have so far failed to obtain a 
pyrylium salt or sptVopyran by the condensation of 2-naphthol-l- 
aldehyde with dibenzyl ketone; two compounds have been isolated, 
the constitutions of which are under investigation. 

Experimental. 

Benzo-$-riaphthasy)hopyran (IV).—A solution of 2-naphthol- 

1- aldehyde (5 g.) and 2-hydroxystyryl methyl ketone (5 g.) in 
alcohol (40 c.c.) was treated with 60% perchloric acid solution 
(9 c.c.), saturated with dry hydrogen chloride, and kept for 3 days 
at 0°. The separated crysta ll ine solid was then washed with ether, 
and shaken with concentrated ammonia in presence of excess of 
ether until it had dissolved. After being washed and dried, the 
dark ethereal solution was concentrated. The crystalline crust 
which separated was recrystallised first from ether, then twice 
from acetone with charcoal, and finally from aqueous acetone. 
The spiro pyran was obtained in small, colourless, glistening plates; 
these darkened at about 160° and melted at 168—169° to a deep 
purple liquid which very slowly resolidified, on cooling, with gradual 
fading of the colour. 

The spiropyran is soluble in concentrated sulphuric acid, giving 
a ruby-red solution, and develops with boiling alcoholic sodium 
hydroxide a purplish-red colour. Its colourless solutions in acetone, 
benzene, and xylene become wine-red on heating, the colour dis¬ 
appearing again on cooling. On wanning with alcohol, a similar 
colour develops, but it is more purple, and is still more so when 
water is added to the solution (Found: C, 844; H, 44. ^21^14^2 
requires C, 84*6; 11,4-7%). 

Z'-Methylbenzo^mpMJ^spiropyran .^Perchloric acid (8 c.c. of 
60%) was added to a solution of 2-naphthol-l-aldehyde (5 g.) and 

2- hydroxystyryl ethyl ketone (5 g.) in alcohol (40 c.c.), and the 
whole saturated with hydrogen chloride. The separated micro¬ 
crystalline perchlorate was washed with ether, suspended in benzene, 
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and treated with a few drops of concentrated ammonia. Water 
was then added and the benzene solution was separated, dried, 
and, after concentration, treated with light petroleum, whereupon 
crystals slowly separated (yield, about 2*5 g.). These were twice 
recryst allis ed from absolute alcohol (charcoal), finally being obtained 
in clusters of colourless, silky needles, m. p. 177—178° (Dilthey, 
loc. cit , describes pale yellowish needles, m. p. 174°). This spiro- 
pyran shows no colour change when heated with inert solvents, 
such as xylene. In concentrated sulphuric acid, the solution is 
orange-red "(Found : C, 84*2; H, 5*3. C 22 H 16 0 2 requires C, 84*6; 
H, 5*1%). 

3-Metkylbenzo- fi-napJithas^wopyran .—A solution of salieylaldehyde 
(2 g.) and methyl ethyl ketone (1*2 g.) in glacial acetic acid (6 c.c.) 
was saturated with hydrogen chloride and kept for a few hours to 
enable the primary condensation to become complete; 2-naphthol- 
1-aldehyde (2*9 g.), dissolved in acetic acid (9 c.c.), was then added, 
the colour changing from red to purple. After 12 hours, ether was 
gradually added, the pyrylium chloride slowly crystallising. This 
was collected, washed with ether, and shaken in ethereal suspension 
with an aqueous solution of sodium acetate until the colour was 
discharged. The ethereal solution, after being washed, dried, and 
concentrated, deposited pale greenish-yellow prisms, which were 
recrystallised first from ether and then from acetone, giving faintly 
greenish-yellow prisms. These darkened at 145° and melted at 149° 
to a purple liquid; on cooling, the colour faded but did not dis¬ 
appear completely until the substance had solidified, after several 
days. Colourless solutions of the spVopyran in acetone, xylene, 
etc., become wine-red on heating, the colour disappearing again on 
cooling. Its ruby-red solution in concentrated sulphuric acid is 
faintly fluorescent (Found: C, 84*5; H, 5*3. C 22 H 16 0 2 requires 
C, 84*6 ; H, 5*1%). 

3 iZ^Dimethyldi^mphthas^kojpyran (V).—A hot solution of 
2 -naphthol-l-aldehyde (2*1 g.) and diethyl ketone (I c.c.) in glacial 
acetic acid (10 c.c.) was saturated with hydrogen chloride. After 
the mixture had been kept at 0° for several days, a small amount 
of the pyrylium chloride separated in green needles. These were 
removed, and the mother-liquor was treated with excess of per¬ 
chloric acid; chocolate-brown needles of the salt slowly separated. 
Both products were dissolved in acetone (the chloride giving a 
violet and the perchlorate a dark red solution) and, while hot, 
treated with dilute ammonia, drop by drop, until the colour was 
discharged. The spiropyraw. crystallised from the yellow acetone 
solutions, either on evaporation or on the addition of waters 
crystallised from benzene, the compound separated in pale 
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yellow rhombs, m. p. 238° to an olive-green liquid. It does not 
exhibit any colour changes when heated with solvents (Pound: 
C, 85-9; H, 5*1. C 27 H 20 O 2 requires C, 86*2; H, 5*3%). 

4-2'- Hydroxy-V-naphthylidene -1: 2 : 3 : 4-tetrahydro-& : 9-benzo- 
xanihylium Chloride (annexed formula).—A solution of 2-naphthol- 
yv 1-aldehyde (5 g.) and cyclohexanone (2 c.c.) 

r N qjj qjj in alcohol (50 c.c.) was saturated with 
\J\y%n/i\^TT hydrogen chloride and kept for 12 hours 
]* Y i a t o°. The separated crystalline solid (yield, 

\y\^ C \^/° H2 95%) was washed with ether andrecrystallised 
O $ from absolute formic acid previously saturated 

01 CH with hydrogen chloride. The salt separated 

HO\/\/\ dark brown, glistening needles, insoluble 
Y ( j in water and sparingly soluble in alcohol to 
\/\X a reddish-purple solution. In concentrated 
sulphuric acid its colour is orange-red (Found: C, 74*1; H, 5*2; 
Cl, 7*4. C^HgA^HCOgH requires C, 74*0; H,4*9; Cl, 7*5%). 

3 : 3 '-Trimethylenedi-^-naphthaspjzopyran (VII).—The above- 
mentioned salt (2 g.), suspended in boiling alcohol (50 c.c.), was 
treated with sodium acetate, the heating being continued until the 
colour of the pyrylium salt was discharged, a curdy, greenish-yellow 
solid separating. After drying, this was twice crystallised from 
benzene, separating in minute, sulphur-yellow rhombs, m. p. 233— 
234° (decomp.). The yellow benzene solution exhibits a fine green 
fluorescence. The spiropyra^ is not appreciably soluble in alcohol, 
and does not fluoresce in concentrated sulphuric acid. A cherry- 
red colour slowly develops on prolonged boiling with alcoholic 
potash. This spiropyr&n does not exhibit any colour changes on 
heating in solvents (Pound: O, 86*5; H, 5*4. C 28 H 20 O 2 requires 
C, 86*6; H, 5*2%). 

Ethyl Di-^naphthaspiropyran^ : 3 '-dicarboxylate (VI).—A solu¬ 
tion of 2-naphthol-l-aldehyde (2 g.) and ethyl acetonedicarboxylate 
(1*2 g.) in hot alcohol (12 c.c.) was saturated with hydrogen chloride, 
and the passage of the gas was maintained until the solution was 


cold. After 2 days, the dark, crystalline deposit was washed with 
ether, suspended in hot acetone (which became bright red), and 
treated with dilute ammonia drop by drop until the colour was 
discharged. Alternatively, the pyrylium salt may be suspended in 
ether and hydrolysed by shaking it with aqueous sodium acetate, 
but the former method is preferred. The acetone solution, after 
being filtered, was treated with water until crystallisation ensued. 
Recrystallised from acetone, or benzene and light petroleum, the 
spiro pyran formed pale sulphur-yellow rhombs, m. p. 205—207°. 
It is very stable to hydrolysing agents, resisting the action of 
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aleoliolio potash, but with acids it readily reverts to the pyrylium 
salt (Found: C, 75*5; H, 4*9. requires C, 75*6; H, 

4 * 9 %). 

We desire to express our thanks to the Council of the Department 
of Scientific and Industrial Research for a grant to one of us (R. D.) 
which enabled this research to be carried out. 

The University, Liverpool. [Received, May 27th, 1927.] 


CCXIX .—The Preparation of k-Hydroxycoumarin 

Derivatives . 


By Isidor Morris Heujbron and Douglas William Hill. 


The hydroxyooumarins here described were prepared as a preliminary 
to the study of their action on aryl magnesium compounds, details 
of which will be furnished in subsequent papers. 4-Hydxoxy- 
coumarin (benzotetronic acid) was first described by Anschutz 
(. Annalen , 1909, 367, 169), who prepared it by condensing sodio- 
acetoacetic ester with o-acetoxybenzoyl chloride in ethereal solu¬ 
tion, followed by hydrolysis of the primarily isolated 3-acetyl-4- 
hydroxycoumarin (I). We have now obtained the substituted 
3-methyl-, 3-benzoyl-, and 3-benzyl-4-hydroxycoumarins in good 
yield by this method. The 3-phenyl derivative has not been 
examined, as it has already been obtained by Pauly and Lockemann 
(Ber., 1915, 48, 28) by the intramolecular condensation of methyl 
o-phenylacetoxybenzoate in presence of sodium at 160°. Employing 
the a-substituted acetoacetic esters, we expected to obtain the acetyl 
derivatives (II) on removal of solvent from the condensation mix¬ 
ture; the products, however, were sodium salts, from which the 
acetyl-free hydroxyooumarins were obtained when their respective 
aqueous solutions were acidified. 


(10 



CO 

|^^R-CO-OH S 


(II.) 


(R = CH S , COPh, or CH 2 Ph) 

The extraordinarily ready elimination of acetyl is at first sight 
somewhat anomalous. It has been shown, however, by Widmann 
(Ber., 1902, 35, 1153) that 3-acetyleomnarin possesses strongly 
acidic properties, behaving as a typical pseudo-acid, and 
analogy the sodium compounds now obtained may be sir 
represented as still containing the acetyl intact in the me 
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Although offering an explanation of the formation of sodium salts, 
this view in itself does not explain the subsequent ease with which 
the acetyl group is eliminated, for obviously precisely the same 
effect could occur with 3-acetyl-4-hydroxycoumarin, from which, 
however, the acetyl radical is by no means readily eliminated, 
requiring indeed several hours’ heating with moderately concen¬ 
trated potassium hydroxide solution for its removal. 


COR 

(in.) CLh/ Yc(ONa):CH 2 

v° 


^HOH 

-0 0 

c +6 :ch 2 cnr.) 

c 6 b( 9\r . 

\/CO 


We submit, however, that a satisfactory interpretation of the 
observed facts can be arrived at by assuming that in the acetyl 

3- substituted benzotetronic acids the simple enol does not exist 
as such, but that the sodium derivatives are present as co-ordinated 
salts (IV) only stable in non-aqueous media. Owing to the great 
tendency of the negatively charged oxygen of the carbonyl group 
to pass into the enolic state, as evidenced by the fact that benzo¬ 
tetronic acid itself is a strong acid, the chelated acetyl sodium com¬ 
pound is disrupted by water with formation of the free hydroxy - 
coumarin. These changes obviously do not occur with the unsub¬ 
stituted 3-aeetylbenzotetronic acid, for here a free hydrogen atom 
is available for immediate formation of the isomeric coumarin form, 
and consequently this compound closely resembles 3-acetylcoumarin 
itself in stability. 

Considerable difficulty was encountered in the methylation of 
these 4-hydroxycoumarins. This appears to be a general character¬ 
istic of this class of compounds, as similar difficulties were met 
with by Sonn (Rer., 1917, 50, 1292), who obtained only very small 
yields of 4 :7-dimethoxycoumarin by the action of methyl sulphate 
upon the 4:7-dihydroxy-compound, the main product being 

4- hydroxy-7-methoxycoumarin. We have now, however, prepared 
the dimethoxy-derivative in good yield by employing diazomethane. 

Experimental. 

&-Hydroxy-&-methylcmmarin.—‘Ethyl methylsodioacetoacetate 
(from 100 g. of the ester) in ether (600 c.c.) was treated with o-acet- 
oxybenzoyl chloride (46 g.), prepared by the action of thionyl 
chloride upon o-acetoxybenzoic acid, and the mixture was heated 
|||p^de3j reflux on the water-bath for 18 hours. The resultant yellow 
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solid was filtered off, well washed with ether, and dissolved in water, 
the solution was carefully neutralised with dilute sulphuric acid, 
and the semi-solid precipitate was crystallised repeatedly from 
dilute alcohol in presence of animal charcoal and finally from methyl 
alcohol, the coumarin being obtained in colourless needles, m. p. 
230°, readily soluble in alcohol and somewhat sparingly soluble in 
ether and benzene (yield, 60%) (Found : 0, 68*3; H, 4*8. C 10 H 8 O 3 
requires C, 68-1; H, 4*6%). 

4-Methoxy-3-methylcoumarin was prepared by heating the dry 
silver salt of the coumarin under reflux with a slight excess of 
methyl iodide. Silver iodide and the excess of methyl iodide were 
removed; the residual colourless oil slowly solidified and was then 
crystallised first from ether and finally from alcohol, the methyl ether 
separating in colourless needles, m. p. 89*5° (Found : C, 69*0; H, 
5*4. requires C, 69*4; H, 5*3%). 

4 - Hydroxy - 3 - benzylcoumarin. —Ethyl benzylsodioacetoacetate, 
prepared by adding the ester (90 g.) to granulated sodium (9 g.) in 
xylene (90 c.c.), was boiled under reflux with o-acetoxybenzoyl 
chloride (50 g.) in ether (300 c.c.) for 24 hours. The resultant thick 
precipitate was filtered off and dissolved in water, and the solution 
rendered acid. The semi-solid mass was extracted with ether, 
the solution dried, and after removal of the ether the residue was 
crystallised from aqueous alcohol, from which the coumarin separ¬ 
ated in colourless needles, m. p. 205° (Found: C, 76*1; H, 4*9. 
C 16 H 12 0 3 requires C, 76-2; H, 4*7%).. 

4-Hydroxy-3-benzoylcoumarin was prepared in a similar manner 
from ethyl a-benzoylsodioacetoacetate. The coumarin crystallised 
from 96% alcohol in colourless needles, m. p. 144°, readily soluble 
in alcohol, less soluble in benzene and ether. It is also readily 
soluble in sodium carbonate solution (Found: C, 71*8; H, 3*8. 
C 16 H 10 O 4 requires C, 72*1; H, 3;8%). 

4-Methoxycoumarin.—(l) A solution containing 4-hydroxy- 
coumarin (2 g.), acetone (200 c.c.), and aqueous potassium hydroxide 
(16 c.c. of 20%) was gently warmed and treated with methyl sul¬ 
phate (2*5 g.), added in small quantities at a time. The mixture 
was boiled for an hour and the 4-me2tey-derivative was precipitated 
by dilution with water and separated from a small quantity of 
unchanged 4-hydroxycoumarin by addition of sodium carbonate 
in slight excess. It crystallised from water in colourless flakes, 
m. p. 124° (yield, 25%). 

(2) Freshly prepared nitrosomethylurea (Werner, J., 1919, 115, 
1098) (25 g.), suspended in a solution of 4-hydroxycoumar^ 
in acetone (100 c.c.), was very slowly treated with concent^^^p 
potassium hydroxide solution (17 g. in 12 c.c. of water),;^^i^^^^ 
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taken to prevent the reaction becoming too violent. The methoxy - 
coumarin was precipitated with water and crystallised as above 
(yield, 40%) (Found : C, 67-9; H, 4-5. C 10 H 8 O 3 requires C, 68*1; 
H,4-6%). 

4 : 7-Dihydroxycoumarin was prepared by a slight modification 
of Sonn’s method {loc. cit.), ethyl cyanoacetate being employed in 
place of the free acid. A better yield of the coumarin was obtained 
by heating the ketimine under reflux with concentrated sulphuric 
acid (20 c.e.) and water (40 c.c.) for 3 hours. The ketimine gradually 
dissolved and after some time the ketone separated; it was recrys¬ 
tallised from hot water; m. p. 265° (yield, 80%). 

4 : 7 -Dimethoxycoumarin .—Sonn {loc. cit.) obtained this compound 
together with a large amount of 7 -methoxy-4-hydroxycoumarin 
by the action of methyl sulphate upon 4 : 7-dihydroxycoumarin at 
0°. On repeating this work it was found that the yield of alkali- 
insoluble product was almost negligible. Attempts to methylate 
the 4-hydroxy-group with methyl iodide and sodium ethoxide or 
silver oxide also failed. The dimethyl ether was finally obtained in 
good yield by passing diazomethane into a solution of 7-methoxy- 
4-hydroxycoumarin (7 g.) in absolute alcohol (150 c.c.); after 
remaining for 3 hours at room temperature, the solution was 
concentrated and the dimethoxycoumarin was precipitated by dilu¬ 
tion with water, washed with dilute alkali solution to remove 
unchanged 7-methoxy-4-hydroxycoumarin, and recrystallised from 
boiling water. It formed colourless needles, m. p. 155—156°, 
identical with Sonn’s product (yield, 85%). 

Our thanks are due to Mr. J. Kirwan, M.Sc., for help in some 
of the preparative work and to the Council of the Department 
of Scientific and Industrial Research for a grant to one of us 
(D.W.H.). 

The University, Liverpool. [Received, May 27 th, 1927.] 


CCXX .—A Synthesis of Rntcecar'pine. 

By Yasuhxeo Asahina, Richard Helmuth Feed Manske, and 
Robert Robinson. . 

Following the analytical investigations (Asahina and Mayeda, 
J. Pharm. Soc . Japan, 1916, No. 416; Asahina and Fujita, ibid., 
,1921, 863 ; Asahina, ibid., 1924, No. 503, 1) which clearly proved 
^ that evodiamine and rutaecarpine, the alkaloids of Evodia rutcecarpa, 
4|fenth. and Hook., have the constitutions (I) and (II), respectively, 



A SYNTHESIS OF RUTJEC ARPINE. 


1709 


synthetical experiments were instituted by one of us in Japan,* 
whilst, on the other hand, the natural development of some work 
in progress at Manchester led in the same direction; the outcome 
is the present joint memoir, in which we describe an unexpectedly 
simple synthesis of rutaecarpine (II). 



As a preliminary we studied the preparation of a quinazolone 
derivative from an available cyclic amide and anthranilic acid and 
found that phthalimidine and methyl anthranilate readily condense 
in the presence of phosphorus trichloride (compare Sen and Ray, J., 
1926, 646) with formation of an isoquinazindolone (III). The 



application of this process to 3-keto-3 : 4 : 5 : 6-tetrahydro-4- 
carboline (IV) (Manske and Robinson, this vol., p. 240) resulted in 
the production of rutsecarpine. The identity of the synthetical 
specimen with one of natural origin was proved by careful dir ect 
comparison. 

Experimental. 

isoQuinazindol’2-one (III),—A mixture of phthalimidine (6*7 g.), 
methyl anthranilate (8 g.), and phosphorus trichloride (30 g.) was 
heated under reflux for 3 hours, the product was decomposed by 
ice and hydrochloric acid, and the hose, precipitated by addition 
of alkali to the solution, filtered after treatment with charcoal, was 
purified to some extent by redissolution in hydrochloric acid and 
recovery. It crystallised from ethyl alcohol in slender, colourless 
needles (yield, 4 g.), m. p. 205—206° (Found: 0, 76*9; H, 4*5; 
N, 11-9. C 15 H 10 Olsr 2 requires C, 76-9; H, 4*3; N, 12*0%). This 

* The degradative fission of rutsBcarpine yields 3-^-aminoethylindole- 
2-carboxyIic acid, and recently this acid has been reconverted, into rutflecarpine. 
Its o-nitrobenzoyl derivative was reduced and then dehydrated* A 
account of the experiment will be found in the May (1927) issue of 
of the PharmaMutiGal Society of Japan* Y. A. *; A c 
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weak base is soluble in moderately concentrated hydrochloric acid 
and is sparingly soluble in most neutral organic solvents. 

Mutcecarpine (II).—A mixture of the ketotetrahydrocarboline 
(4 g.), methyl anthxanilate (5 g.), and phosphorus trichloride (20 g.) 
was heated under reflux for 4 hours and the excess of the trichloride 
was then removed by distillation under diminished pressure. The 
residue was decomposed with ice, the solid collected and boiled 
with concentrated hydrochloric acid (200 c.c.), and the solution 
filtered hot. Unchanged lactam was recovered from the solution; 
the insoluble, pale brown residue crystallised from boiling ethyl 
alcohol in colourless needles (yield about 1*5 g.), m. p. 257—258° 
(Found: C, 75-3; H, 4-7; N, 14-7. Calc, for C 18 H 13 ON 3 : C, 
75*2; H, 4*5; N, 14*6%), which also melted at 257—258° when 
mixed with a specimen of rutaecarpine from Evodia rutcecarpa . The 
experiments involved in the following observations were carried 
out side by side with both specimens and with identical results in 
every case. The substance is sparingly soluble in most organic 
solvents and crystallises from ethyl acetate in characteristic, very 
slender needles; it is very stable and may be distilled in small 
quantities in a high vacuum without decomposition. The bright 
yellow solution in sulphuric acid becomes deep brown on the addition 
of Mandelin’s reagent or colourless on dilution with water. On 
boiling with dilute hydrochloric acid, the substance does not dissolve 
but is coloured yellow. The colourless solution in acetic acid 
exhibits a bluish-green fluorescence after the introduction of a few 
drops of sulphuric acid. The hot alcoholic solution becomes yellow 
on the addition of solid potassium hydroxide, but after dilution 
with water the colour is discharged and the unchanged substance 
separates in needles, m. p. 257°. 

The Uotvebsities of Tokyo 

and Manchester. [Received, June 1 st , 1927.] 


CCXXI .—Experiments on the Synthesis of Antho- 
cyanins . Part III * 

By Alexander Robertson and Robert Robinson. 


The fact that we have investigated 4'-, 3-, and 7-glucosidoxy- 
flavylium salts (Parts I and II), which, unlike the anthocyanins, 
are not derivatives of phloroglucinol, is partly due to our having 
attacked the problem of the synthesis of the naturally occurring 


pigments in stages, but partly also to the circumstance that 
the methods employed in the anthocyanidin syntheses have 
"been found in some details to be inapplicable to related glucosides. 
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In the preparation of the latter, the condensation has hitherto been 
effected in dry ethereal solution and under these conditions 0-tri- 
acetylphloroglucinaldehyde does not react satisfactorily with the 
appropriate ketones. In order to overcome this difficulty, it was 
necessary to obtain mono- or di-acetylated phloroglucinaldehydes, 
but all efforts to prepare the monoacetyl or monocarbomethoxy- 
derivatives failed. On the other hand, 0-diacetylphloroglucin - 
aldehyde was found to be the product when a solution of phloro- 
glucinaldehyde in aqueous sodium hydroxide was agitated with an 
ethereal solution of acetic anhydride. No clear proof of the con¬ 
stitution of this substance can be adduced, but it must be either 
diacetoxysalicylaldehyde or diacetoxy-p-hydroxybenzaldehyde and 
the reaction with ferric chloride is in agreement with the former 
hypothesis. 

This view is supported by the observation, that the substance 
condenses readily with -methoxyacetoveratrone in ethereal solution 
in presence of hydrogen chloride, with ultimate production of 
cyanidin trimethyl ether, whereas O-triacetylphloroglucinaldehyde 
cannot be employed in flavylium salt syntheses in ethereal solution. 
This aldehyde exhibits some tendency to condense with suitable 
components under the requisite conditions to glucosidoxyflavylium 
salts, but the yields are very unsatisfactory. It was then found 
that 0-mmobenzoylphloroglucimldehyde could be prepared by the 
Schotten-Baumann method, and this substance not only answered 
our immediate purpose, but also proved to be by far the best form 
in which to introduce phloroglucinaldehyde in all syntheses leading 
to pyrylium salts of anthocyanidin type. 

The results of anthocyanidin syntheses which depend in the final 
stages on demethylation by means of hydriodic acid are subject to 
unexplained variations and uniformity cannot be relied upon. 
Partial demethylation is a frequent occurrence, and is not only 
capricious in its incidence, but is also difficult to detect by analysis; 
in other cases, Zeisel and Herzig-Meyer determinations of the pro¬ 
duct may prove the absence of methoxyl and yet the experiment 
has gone awry, since the material, usually quite crystalline, does 
not exhibit the normal reactions. We suspect the influence of 
inorganic catalysts in promoting nuclear methylation by a process 
analogous to Claisen’s transformation of phenyl allyl ether to 
allylphenol. In view of this uncertainty, we are engaged in the 
repetition of the anthocyanidin syntheses by processes not involving 
demethylation. Employing O-benzoylphloroglucinaldehyde, we 
have already obtained benzoylpelargonidin and cyanidin chlorides y, 
We do not wish to imply that demethylation of meihoxylatfe4>^ 
flavylium salts by means of hydriodic acid is always an unsatirfg|f^^ 
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process, since in many cases it gives excellent results, and we are 
often compelled to rely upon this effective but clumsy method. 

Experiments bearing on the constitution of O-benzoylphloro- 
glueinaldehyde are in progress; it is either 2-benzoyloxy-4 : 6-di- 
hydroxybenzaldehyde or 4-benzoyloxy-2:6-dihydroxybenzaldehyde. 
The benzoyloxyflavylium salts obtained with the aid of this aldehyde 
are stable towards acids, but are hydrolysed by alkalis, and the 
hydroxyflavyliuxn salts are then recoverable by the action of acids 
on the product. The condensation of O-benzoylphloroghicinalde- 
hyde with ^-O-tetra-acetyl-P-glucosidoxy-co-methoxyacetophenone 
(Part I, J., 1926,1717) in ethereal solution with the aid of hydrogen ' 
chloride yielded an intermediate which was hydrolysed by means of 
methyl-alcoholic ammonia and subsequent treatment with hydro¬ 
chloric acid with formation of a pelargonidin methyl ether glucoside 
chloride (I). This substance closely resembles a natural mono- 
glucosidic anthocyanin in general character. 


Cl Cl 



The related sugar-free flavylium salt (II) derived on hydrolysis with 
16% hydrochloric acid was synthesised independently, and further¬ 
more the isomeride (III) has been obtained for comparison. The 
colour reactions of these pelargonidin chloride methyl ethers with 
sodium carbonate differ in a characteristic manner and a consider¬ 
ation of them shows (a) that caUistephin and other anthocyanins 
derived from pelargonidin are certainly not 4'-glucosides, callistephin 
being probably a 3-glucoside (the position 5 is excluded on account 
of the fact that alcoholic solutions of callistephin, unlike those of 
pelargonenin, do not exhibit fluorescence. It is probable, although 
not yet quite certain, that position 7 can be excluded for the same 
reason), and (6) that partial demethylation of pelargonidin chloride 
3 :4 / -dimethyl ether with hydriodic acid yields the 4 , -monomethyl 
ether (III). 

. Experimental. 

Q-DiawtylphhroglvAiTialdehyde. —A mixture of pure phlorogluein- 
^■.ai^ejhyde- (6 g.), dissolved in iV-sodium hydroxide (54 c.c.), and 
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ether (150 c.c.) was cooled to — 5°, and acetic anhydride (12 c.c.) 
gradually added with vigorous shaking. The reaction proceeded 
rapidly. The ethereal layer was separated, and the aqueous solution 
twice extracted with fresh ether. The combined ethereal solutions 
were mixed with water (10—15 c.c.), the ether was distilled, and 
the residue washed repeatedly with cold water. The oil gradually 
crystallised in contact with water and after a few days was ground, 
allowed to remain under water for 2 days longer, and then collected 
(5*5 g.}. The solution of this product in 80% alcohol, after treat¬ 
ment with charcoal, deposited crystals on slow evaporation; these 
recrystallised from 60% alcohol (charcoal) in almost colourless, 
prismatic needles, m. p. 102—103°, presenting a homogeneous 
appearance under the microscope (Found: C, 55*4; H, 4*3. 
C n H 10 O 6 requires C, 55-5; H, 4-2%). The substance is readily 
soluble in ether and moderately readily soluble in cold methyl or 
ethyl alcohol. An alcoholic solution develops a wine-red coloration 
on the addition of ferric chloride. On further acetylation by means 
of acetic anhydride and potassium carbonate, an almost theoretical 
yield of O-triacetylphloroglucinaldehyde was obtained. The pro¬ 
duct had m. p. 156—157°, whereas Pratt and Robinson (J., 1925, 
127, 1182) give m. p. 151°. A specimen prepared from phloro¬ 
glucinaldehyde, however, after repeated crystallisation from ethyl 
alcohol and then from methyl alcohol, sintered at 151° and had 
m. p. 156—157°. A mixture of the two specimens had m. p. 156— 
157°. Attempts to prepare monoacetylphloroglucinaldehyde by 
limiting the amount of acetic anhydride employed gave mixtures of 
the above diacetyl derivative and unchanged phloroglucinaldehyde. 
No definite carbomethoxy-derivatives could be obtained. Treat¬ 
ment of alkaline solutions of phloroglucinaldehyde at 0° with 
methyl chloroformate resulted in the immediate deposition of a 
brick-red product. 

O-Benzoylphloroglucinaldehyde ,—The phloroglucinaldehyde em¬ 
ployed in the preparation of this substance should be obtained by 
the use of freshly distilled anhydrous hydrogen cyanide, since the 
material resulting from the modification described by Pratt and 
Robinson (J., 1925,127, 1132) is difficult to free from a colouring 
matter which has a deleterious effect on the yield. Phloroglucin¬ 
aldehyde (5-2 g r ) was added to a solution (cooled to 10°) of potassium 
hydroxide (1*7 g.) in water (150 c.c.}. The mixture was cooled to 
— 5°; part of the potassium derivative then separated in glistening 
plates. Benzoyl chloride (2*35 g.) was then introduced in three 
portions with very vigorous shaking, which was continued until the 
odour of the chloride had almost disappeared. The 
stirred for J hour with an excess of aqueous soffium 



1714 


ROBERTSON AND ROBINSON : EXPERIMENTS ON 


and the solid was then collected, washed, again triturated with 
aqueous sodium bicarbonate, isolated, and dried in the air (yield, 
7*5 g.). The crude product was dissolved in hot alcohol (100 c.c., 
charcoal), and the filtered solution poured into water (400 c.c.). 
The emulsion quickly resolved itself into a suspension of hair-fine 
needles, which were isolated (5 g.) and found to be sufficiently pure 
for many purposes. The substance crystallises from chloroform 
(charcoal) in colourless, elongated prisms which become pink at 
155°, darken at 185°, turn brick-red at 195°, and melt at 198—200° 
to a dark red liquid (Found : C, 64-8; H, 3-8. C 14 H 10 O 5 requires 
C, 65*1; H, 3*9%). The substance is easily soluble in ether and 
the simple alcohols, moderately readily soluble in hot chloroform, 
and very sparingly soluble in carbon tetrachloride. It gives a wine- 
red coloration with ferric chloride in alcoholic solution. 

4:'-$-Glucosidoxy-5 : 7 -dihydroxy-3-methoxyflavylium Ghbride (I).— 
A cold solution of O-benzoylphloroglucinaldehyde (0*6 g.) and 
^-O-tetra-acetyl-p-glucosidoxy-co-methoxyacetophenone (0*5 g.) in 
dry ether (100 c.c.) was slowly saturated with hydrogen chloride; 
it gradually assumed a deep orange-red colour and then exhibited 
a strong yellowish-green fluorescence. A part of the product 
crystallised, and after 4 days the remainder was precipitated by 
the addition of ether (100 c.c.). The isolated salt (0*5—0*7 g.) 
dissolved in alcohol to an intensely fluorescent solution, but it could 
not be recrystallised, because pseudo-base formation occurred in 
solutions containing less than 5—6% of hydrochloric acid, and the 
use of more concentrated acid solutions caused hydrolysis. A 
solution of the crude product (2*7 g.), from several experiments, 
in methyl alcohol (200 c.c.) was saturated at 0° with ammonia and 
allowed to remain at 0° for 24 hours. The ammonia and methyl 
alcohol having been removed in a vacuum in the cold, the residue 
crystallised from 75% methyl alcohol containing 3% of hydrogen 
chloride in masses of microscopic, prismatic needles (1*2 g.) (depos¬ 
ition slow). The salt was then dissolved in 4% aqueous hydro¬ 
chloric acid at 60—70° and separated on cooling in red, prismatic 
needles which showed a weak golden reflex only after being dried 
in a vacuum (Found in air-dried material: C, 47*7; H, 5*7. Found in 
material dried over soda-lime in a vacuum for 24 hours: C, 53*1; H, 
5*3. C 22 H^O 10 Cl,4H 2 Orequires G, 47*6; H,5*7%. C^O M 01,H*O 
requires C, 52*8; H, 5*0%. The monohydrate is very hygroscopic). 
When heated in a capillary tube, the salt evolves steam above 
100°, sinters at 125°, and darkens and melts at 130—131°. The 
glucqside is easily soluble in cold 0*5—2% hydrochloric acid and 
in cold 50% methyl alcohol containing 4% of hydrogen chloride; 
it is easily soluble in hot aqueous hydrochloric acid (up to 20%). 
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The aqueous acid solutions are not completely extracted on being 
shaken with isoamyl alcohol. The alcoholic hydrochloric acid solu¬ 
tions are deep red, dilute aqueous solutions are orange-red, and in 
all cases the solutions are not fluorescent. The sodium carbonate 
reaction is dark wine-red, becoming dirty brown, whilst the addition 
of sodium acetate to an acid solution produces a more stable, 
intense dark red coloration. The picrate separated from a hot 80% 
alcoholic solution of the salt containing an excess of picric acid in 
compact, deep red, spherical masses of microscopic crystals. It 
darkens at 125°, is almost black at 170°, and melts with further 
decomposition at 186—188°. 

5:7: ^'-Trihydroxy-S-methoxyflavylium Chloride (II).—(A). A 
slow stream of hydrogen chloride was passed through a solution of 
^-hydroxy-co-methoxyacetophenone (Part I, loc. cit .) (1*6 g.) and 
O-triacetylphloroglucinaldehyde (2*8 g.) in anhydrous formic acid 
(10 c.c.) for 4 hours, and the mixture kept for 36 hours. The salt 
precipitated by ether was collected (3 g.) and hydrolysed by boiling 
aqueous alcoholic hydrochloric acid during 5 minutes; on cooling, 
a red, amorphous material was deposited. This was extracted by 
boiling water, and 20% hydrochloric acid was added to the filtrate 
until a faint turbidity appeared. On cooling, the salt separated in 
stellate aggregates of dark red, prismatic needles. Recrystallis¬ 
ation from 3—4% hydrochloric acid gave freely twinning, elongated, 
nearly rectangular, microscopic prisms which were dark red in mass 
and crimson by transmitted light under the microscope (Pound in 
material dried over soda-lime for 12 hours: C, 56*6; H, 4*6. 
C 10 H 15 O 6 Cl,H 2 O requires C, 56*7; H, 4*4%). When crystallised 
from a mixture of hydrochloric acid and ethyl alcohol, highly 
characteristic, boat-shaped, microscopic plates are obtained. These 
have a reddish-brown colour and a greenish reflex, but this is lost 
on exposure to air. This salt is sparingly soluble in cold dilute 
hydrochloric acid (down to 0*5%) and is only moderately readily 
soluble in hot hydrochloric acid; very dilute solutions have a 
brownish orange-red colour, hot concentrated aqueous solutions 
and alcoholic solutions are crimson, and all solutions are non- 
fluorescent. Aqueous sodium carbonate dissolves the salt, giving a 
stable, intense, reddish-violet solution, more bluish-violet in thin 
layers. Willstatter and Burdick (Annalen, 1916, 412, 162) state 
that <c Die saure Losung des Callistephins schlagt mit Soda und 
sogar mit Alkalilauge nur in Rotviolett bis Violettrot um, wahrend 
Pelargonenin schon mit Soda violett blau wird.” In this connexion, 
it is interesting to note that 3 : 7 : 4'-trihydroxyflavylium chloride 
gives a definitely bluer alkali colour-reaction than the 3:5 j-7^|f$jfl 
hydroxymethoxyflavylium chloride. In alcoholic solmtiafcliaii 
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example, the former, like pelargonenin, gives a pure blue coloration 
(compare Willstatter and Bolton, Annalen , 1916, 412, 136; Pratt 
and Robinson, J., 1923, 123, 193). ^oAmyl alcohol extracts the 
salt completely from an aqueous acid solution. Pseudo-base 
formation was observed. 

(B). Characteristic, twinning, rectangular prisms separated in 
the course of 2 minutes when the above-described glucosidoxy- 
dihydroxymethoxyflavyhum chloride was boiled in 15% aqueous 
hydrochloric acid solution. The substance was recrystallised and 
identified by its reactions, solubility relations, and crystalline form 
with the pelargonidin chloride 3-methyl ether prepared as in (A) 
above. The filtrate from this hydrolysis was extracted with isoamyl 
alcohol in order to remove the last traces of fiavylium chloride and 
with ether to remove the isoamyl alcohol; it was then found to 
reduce Fehling’s solution. 

3:5: 7 - Trihydroxy A' -methoxyfiavylium Chloride (III).—A solu¬ 
tion of anisoylcarbinol (0-6 g.) (Tiffeneau, Compt. rend., 1910, 150, 
1182) and O-triacetylphloroglucinaldehyde (1 g.) in formic acid 
(15 c.c.) was saturated with hydrogen chloride and after 36 hours 
the product was precipitated by ether and collected. It was 
dissolved in alcohol (200 c.c.) and concentrated hydrochloric acid 
(20 c.c.), the solution boiled for 5 minutes, the greater part of the 
alcohol removed by distillation, and the salt precipitated by the 
addition of concentrated hydrochloric acid. Separation from 
accompanying red impurities was effected by extraction with 
boiling 0-5% hydrochloric acid, the acid concentration of the 
filtrates was increased to 8—10%, and finally the substance was 
crystallised from 2% hydrochloric acid, separating in crimson, 
microscopic, rhombic prisms (Pound in material dried over soda- 
lime for 12 hours: C, 564; H, 4*6. requires 

C, 56-7; H, 4*4%). The yield, as in the similar synthesis of 
peonidin, was poor and we have since found that 0-benzoylphIoro- 
glucinaldehyde gives much better results than the triacetate in 
condensations with benzoylcarbinol derivatives. In mass this salt 
has a dark brown colour and exhibits a weak bluish-green reflex. 
When it is crystallised from aqueous-alcoholic hydrochloric acid 
(about 5%), highly characteristic, regular, diamond-shaped plates 
are obtained. The salt is very sparingly soluble in cold aqueous 
hydrochloric acid and not readily soluble even in boiling 2% hydro¬ 
chloric acid. Concentrated aqueous solutions are crimson, very 
dilute solutions are brownish orange-red; alcoholic solutions are 
bluish eosin-red. The reaction with sodium carbonate is character¬ 
istic, the solutions, both alcoholic and aqueous, being strongly 
dichroic, red in thick layers and bluish-purple in thin layers. Under 



A HEW FORM OF THERMOSTAT, ETC. 


1717 


some conditions of illumination, the liquid appears green and 
violet. The specimen of incompletely demethylated pelargonidin 
chloride dimethyl ether described as crystallising in diamond-shaped 
plates (Pratt and Robinson, J., 1925,127,1188) has been re-examined 
and undoubtedly contains a large proportion of the monomethyl 
ether now described. The crystal forms are identical and the 
colour reactions with sodium carbonate are closely similar. The 
dichroism observed in both cases was identical, but the specimen 
from the demethylation gave a slightly more bluish-purple colour in 
thin layers and probably contains a little pelargonidin chloride. 

The authors wish to thank the Royal Society and the Chemical 
Society for grants which have defrayed a part of the cost of the 
investigation. 

The University of Manchester. [ Received , June 1 th , 1927.] 

CCXXII .—A New Form of Thermostat and Observation 
Tubes for Polarimetric Work. 

By Thomas Stewart Patterson. 

In polarimetric investigation, it is of very great importance to 
maintain a steady known temperature while the rotation of the 
active substance is being observed. The author in the course of 
his work has tried various forms of apparatus designed for this 
purpose, and some fifteen years ago adopted one which, since it 
has been found to give accurate results and to be easy to manipulate, 
may be of use to others engaged in similar work. 

The polarimeter tube is so placed as to be in direct contact with 
the water in the thermostat. The upper part, I, of the accompany¬ 
ing figure gives a general idea of the whole apparatus. The polari¬ 
meter tube, A, has attached to it a side tube, B, reaching above 
the level of the liquid in the thermostat. The glass end discs may 
be cemented to the polarimeter tube or may be fixed in position 
by means of pieces of rubber tubing marked C.in the lower, more 
detailed part of the figure. These act partly to prevent ingress 
of water into the tube or exit of material from it, and serve also, by 
being turned over the end of the cover glass, as washers to take up the 
pressure exerted by the brass end pieces, DD, of which there is one at 
each end. These are fastened together by means of the brass rods, Pf^ 
which have a small knob at one end and a screw at the 
latter fits into a corresponding screw in one of the discs, 
really arranged as in the upper sketch, but the lower sketc 
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details of each end. These rods just pass easily through holes in two 
collars, T T, which thus serve to keep the end plates, D D, in position. 
To the flanges, D D, are brazed brass tubes, G G. When the apparatus 
is in use, these brass tubes are passed through rubber bungs which 
fit into collars in the wall, L, of the bath, as shown at K K. 

In carrying out an observation, the thermostat is emptied of 
liquid, and the polarimeter tube in its support of flanges and rods, 
either filled with the active liquid or empty, is introduced through 
the rubber bungs to appear as shown in I, an operation easily 


Fig. 1. 



L 


performed. The active liquid may now be introduced into the tube, 
if this has not already been done, and the thermostat filled with 
water, upon which, preferably, there should float a layer of oil. 

The temperature of the thermostat may be controlled by any 
suitable form of adjustable thermo-regulator, that used in this 
laboratory being one designed by the author (JV Soc. Ghem. Ind ., 
1902, 21, 456). The liquid in the thermostat is also, in most cases, 
mechanically stirred, but this is not necessary for temperatures of 
0°, 100°, and that of the atmosphere. By means of suitable screws 
on the legs of a quadrupod or tripod stand, the thermostat is ad¬ 
justed so that the axis of the tube coincides accurately with the 
axis of the polarimeter. 
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Owing to the fact that there is direct contact between the glass 
of the polarimeter tube and the water in the thermostat, the tem¬ 
perature in the polarimeter tube becomes constant very rapidly; 
and since, between observations, the water in the thermostat may 
be replaced by water which, previously, has been heated very near 
the desired temperature, the time which must be allowed to elapse 
before a new temperature is established is reduced to a minimum. 
The variation of the temperature during the time required for the 
observations is very small indeed and the temperature may be 
maintained within about one-tenth of a degree of any desired value 
for long periods. 

The temperature of boiling water is very easy to adjust too, 
especially when a layer of oil is used. A very small flame is sufficient 
to keep the water in the thermostat in ebullition and the temperature 
in the polarimeter tube is then exceedingly steady. 

This is the upper limit of temperature at which we have used 
the apparatus, but it would not be difficult to adapt it for higher 
temperatures, by using concentrated potassium carbonate solution, 
for example, instead of water. For temperatures above 100°, we 
use an off thermostat with an air chamber in which the tube is 
heated. 

The apparatus described, however, may be used for temperatures 
below that of the atmosphere and it is possible to obtain very con¬ 
stant readings at a temperature of zero, which again is, of course, 
a very simple one to obtain; the thermostat is filled with a slush 
of ground ice and water. The difficulty then arises, however, 
that moisture is apt to condense on the end plates of the polarimeter 
tubes. To get over this difficulty, various methods were tried, but 
ultimately one which is exceedingly effective and also very simple 
has been adopted. This is illustrated in II, A piece of brass 
tubing, MMMM, which fits into the tube G G with a clearance of, 
perhaps, half a millimetre, and of a length sufficient to reach to 
about a millimetre or two from the end plate of the polarimeter 
tube, is soldered by an annulus, N, to another short piece of brass 
tube, 0 0, which just slips on to the outside of the tube G G. To 
this tube, 0, is soldered a short narrow brass tube, P. The whole 
part MN OP can thus easily be removed when not wanted and 
equally easily replaced in position when required; one such part 
is fitted at each end of the polarimeter tube. The little tubes P 
are then connected to two of the arms of a Y piece, the third arm 
of which, in turn, connects with a drying tower containing sulphuw 
acid and pumice stone, this again being connected to a gas holder; 
containing air. When observations are to be made at a temperaMM 
below that of the atmosphere, a quite slow current of dry 
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duced through the tubes P passes through the narrow space between 
the tubes M M and G G to near the end plate of the polarimeter 
tube, and out through the tube MMMM, The air close to the 
polarimeter end plate is thus kept thoroughly dry and no moisture 
is deposited upon the end plate. This arrangement is surprisingly 
efficient and even when a freezing mixture of carbon dioxide and 
alcohol is used as cooling agent, which causes the whole of the 
apparatus quickly to be covered with ice, a perfectly clear view 
through the polarimeter tube may be obtained, so long as the current 
of air is passing. 

This little piece of apparatus will be found of very considerable 
value, since by its means it is easy to determine rotation values at 
zero, which is probably the most suitable standard temperature 
for the expression of polarimetric results, inasmuch as it can always 
be easily obtained, but which hitherto has been avoided, doubtless 
owing to the difficulty occasioned by the condensation of moisture 
on the end discs. 

The bath which we use is 25 cm. long by 5 broad by 17 deep and 
accommodates comfortably tubes 160 mm. in length. 

Untvebsity or Glasgow. {Received, June 2nd, 1927.] 


CCXXIII .—Some Substituted Phenyl Styryl Ketones , 
with Remarks on the Condensation of Cinnamic 
Acid with Resorcinol and Pyrogallol. 

By Thomas Eric Ellison. 

The condensation of benzoic acid with resorcinol in presence of 
zinc chloride takes place in two stages; 2 :4-dihydroxybenzo- 
phenone is formed first and then, by further heating and particip¬ 
ation of a second molecule of resorcinol in the reaction, 3-hydroxy- 
9-phenyliluorone. Pyrogallol behaves in an analogous fashion to 
resorcinol. 

The behaviour of other simple carboxylic acids with these two 
phenols depends essentially on the relative velocity of the second 
stage of the reaction. When this is slow, as, e.g. 9 with acetic acid, 
the hydroxy ^ketone can readily be isolated: when it is rapid, the 
only products that can be obtained are fiuorones^or more complex 
colouring matters. In the case of cinnamic acid, the primary 
condensation products would be hydroxyphenyl styryl ketones 
(hydroxychalkones); and the formation of chalkones in this 
way has actually been reported, that of 2 :4-dffiydroxyphenyl 
styryl ketone (I) from cinnamic acid and resorcinol by BargeUini 
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and Marantonio (Atti B. Accad. Lined , 1908,17, ii, 119) and that of 
2:3; 4-trihydroxyphenyl styryl ketone (II) from cinnamic acid and 
pyrogallol by Dutta and Watson (J., 1912,101,1238). 

In the hope of being able to extend this method to the synthesis 
of some of the less accessible ehalkones, their work has now been 
repeated, but the compounds in question were obtained neither by 
following the details given by the authors nor by any variations of 
the method, the only substances isolated being more complex 
colouring matters. To throw more light on the question, the chalk- 
ones (I) and (II) have been synthesised by more orthodox methods, 
and it is found that they are not identical with the substances held 
to be ehalkones by the authors cited. It seems, therefore, that if, in 
the condensation of cinnamic acid with resorcinol and pyrogallol by 
means of zinc chloride, ehalkones are formed at all, which is very 
probable, they are so rapidly transformed into more complex 
products that it is impossible to isolate them. 


(I.) 


ho/Noh 

l JC0-CH:CHPh 


(XU.) 




Resacetophenone and benzaldehyde condense together in alkaline- 
alcoholic solution to give a mixture of 2 : 4-dihvdroxyphenyl styryl 
ketone (I) and the isomeric 7-hydroxyflavanone (III). It is not 
uncommon to find chalkone and flavanone being simultaneously 
formed by this method, and the possibility of the two products 
being, in this particular case, geometrical isomerides is excluded by 
the colourless nature of the second substance and the fact that it 
yields only a monoacetyl derivative. Gallaoetophenone and 
benzaldehyde condense together readily both in acid and in alkaline 
solution. By boiling with alcoholic hydrochloric acid, they yield 
benzylidenebisgallacetophenone, CgHg'CHtCB^'CO^CeH^OH^ 
(Kostahecki and Blumstein, JSer., 1900, 33, 1478). The same com* 
pound is obtained by saturating a solution of the reagents in glacial 
acetic acid with dry hydrogen chloride. 

Despite the quantitative nature of this reaction, similar com? 
pounds cannot be obtained when benzaldehyde is reptoed 
anisaldehyde, salicylaldehyde, piperonal, or m-mtrohe^^ 

By the use of alcoholic potash, the required chalkone (II) Mjffj 
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in good yield. In order to establish the generality of the last- 
mentioned method, which does not appear to have been applied 
hitherto to gallacetophenone, the benzaldehyde was replaced in 
turn by salicylaldehyde, m-hydroxybenzaldehyde, vanillin, and 
resorcylaldehyde. ^The last two were found not to condense appreci¬ 
ably with gallacetophenone under the action of alcoholic potash, 
whereas salicylaldehyde gave a moderate yield of 2:3:4-tri- 
hydroxyphenyl 2-hydroxystyryl ketone, 

c 6 h 2 (hovco-ch:ch-c 6 h 4 -oh, 

and m-hydroxybenzaldehyde a small amount of 2 : 3 : 4-trihydroxy- 
phenyl 3-hydroxystyryl ketone. Salicyhdenegallacetophenone is 
very slowly converted into 2': 3': 4'-trihydroxy-2-phenylbenzo- 
pyrylium chloride (IV) by the action of anhydrous hydrogen chloride 
on the suspension in ether; but owing to the small amount of 
this substance which has so far been isolated, the investigation 
of it is not yet completed. 

Experimental. 

2 : 4 -Dihydroxyphenyl Styryl Ketone (I) and 7 -Hydroxyflavanone 
(III).—To a solution of resacetophenone (20 g.) and benzaldehyde 
(13-3 g.) in methyl alcohol (120 c.c.), potassium hydroxide (40 g. in 
40 c.c. of water) was added and the mixture was kept at 65° for 
3J hours and then poured into water. Unchanged benzaldehyde 
having been extracted with ether, an excess of hydrochloric acid 
was added, which precipitated a yellow oil (about 12 g.). After 
12 hours, the partly solidified oil was carefully treated with glacial 
acetic acid, and the undissolved solid, consisting of almost pure 
7-hydroxyflavanone, was crystallised from toluene. Addition of 
water to the acetic acid solution precipitated a mixture of the 
chalkone and flavanone, which were ultimately separated by a 
tedious fractional crystallisation from toluene, in which the chalk- 
one is the more soluble. 1-Hydroxyflavanone crystallises from 
toluene in colourless needles, m. p. 189° (Found: C, 74*8; H, 5-3. 
CisH^Og requires C, 75*0; H, 5*0%). It is insoluble in water and 
moderately easily soluble in alcohol or glacial acetic acid. In 
cold sodium carbonate solution, it gives a colourless solution which 
turns yellow on boiling. In sodium hydroxide, it at once forms a 
yellow solution which goes darker on heating owing to the conversion 
of the flavanone into the chalkone, but the change is never 
complete. 

The flavanone (1 g.) was heated on the water-bath for 3 hours 
with acetic anhydride (10 c.c.) and anhydrous sodium acetate (5 g.), 
The acetyl derivative thus produced crystallised from 50% alcohol 
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in colourless needles, m. p. 98° (Found : C, 72*0; H, 5*0. C 17 H 14 0 4 
requires C, 72*3; H, 5*0%). 

2 : 4:-Dihydr oxy phenyl stynjl ketone crystallises from toluene in 
bright yellow, rectangular prisms, m. p. 133—134° (Found : C, 74*9; 
H, 5*3. C 15 H 12 0 3 requires C, 75*0; H, 5*0%). It is very slightly 
soluble in boiling water and very soluble in alcohol, glacial acetic 
acid, and acetone. It forms a deep yellow solution in concentrated 
sulphuric acid. 

2:3:4 -Trihydroxyphenyl Styryl Ketone (II).—Gallacetophenone 
(4*2 g.) and benzaldehyde (2*7 g.) were dissolved in alcohol (4*5 c.c.), 
and potassium hydroxide (9 g. in 10 c.c. of water) was added. The 
mixture was kept at 60° for 3 hours and then poured into dilute 
hydrochloric acid, on which the chalkone separated as a brown oil 
(about 4 g.) which slowly solidified. It was repeatedly crystallised 
from 75% methyl alcohol, animal charcoal being used to remove a 
slightly fluorescent, dark impurity, and was thus obtained in orange- 
yellow prisms containing methyl alcohol of crystallisation. After 
drying at 110°, it had m. p. 165—166° (Found : C, 70*2; H, 4*9. 
C 15 H 12 0 4 requires C, 70-3; H, 4*7%). It forms deep brown solu¬ 
tions in alkali and in concentrated sulphuric acid. It is practically 
insoluble in water, slightly soluble in benzene and toluene, and very 
soluble in acetic acid and alcohol. 

2:3:4 -Trihydroxyphenyl 2-Hydroxystyryl Ketone .—Gallaceto¬ 
phenone (4*2 g.) and salicylaldehyde (3*1 g.), dissolved in alcohol, 
were treated with potassium hydroxide (10 g. in 10 c.c. of water), 
and the solution kept at 65° for 3J hours. Dilute hydrochloric acid 
was then added which precipitated the chalkone (3*3 g.) as a brown 
oil, which soon solidified. It crystallised from 75% methyl alcohol 
in long, yellow needles having a light brown colour in bulk. It 
became almost black at 205° and melted with complete decomposition 
at 224— 225° (Found : C, 65-8; H, 4*4. C 15 H 12 0 5 requires C, 66*2; 
H, 4*4%). The chaUcone is insoluble in water, benzene, and chloro¬ 
form, slightly soluble in boiling xylene, and very soluble in acetone 
and alcohol. It gives dark brown solutions in alkali and in con¬ 
centrated sulphuric acid, and on heating with concentrated hydro¬ 
chloric acid it is slowly converted into the pyrylium chloride, but 
with much decomposition. 

2 : 3 : 4 -Trihydroxyphenyl Z-Hydroxystyryl Ketone. —Gallaceto¬ 
phenone (2*5 g.), m-hydroxybenzaldehyde (1*8 g.), potassium hydr¬ 
oxide (5 g. in 5 c.c. of water), and alcohol (40 c.c.) were heated 
together at 75° for 8 hours. Addition of dilute hydrochloric acid 
precipitated the chalkone (1 g.), which crystallised from 80% methyl 
alcohol (charcoal) in bright yellow needles, melting at 219—220° to 
a dark red liquid (Found; C, 66*0; H, 4*7. 0 16 H 12 0 5 re<p!g|^ 
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C, 66*2; H, 4*4%). It forms a deep brown solution in alkali and a 
deep orange solution in concentrated sulphuric acid. 

The author is indebted to Mr. A. Russell, B.Sc., for his valuable 
assistance with the experimental work. 

The Sir Donald Currie Laboratories, 

Queen’s University, Belfast. [ Received , May 23 rd , 1927.] 


CCXXIV.— The Synthesis of meso-Alkyl andmeso-Aryl 
Anthracene Derivatives , Part II. 

By Edwarb be Barry Barnett, James Wilfred Cook, and 
John Laurence Wiltshire. 

The action of Grignard solutions upon anthraquinone, 2-methyl- 
anthraquinone, and alizarin dimethyl ether has been studied by 
Haller and Guyot (Bull. Soc. chim., 1904, 31, 797), Guyot and 
Staehling (ibid., 1905, 33, 1104), Haller and Comptesse (Compt, rend., 
1910, 450, 1290), Guyot and Vallette (Ann. Chim., 1911, 23, 363), 
Padova (ibid., 1910, 19, 353), Kovach^ (ibid., 1918, 10, 226), Sirker 
(J., 1915, 107, 1242), Clarke and Carleton (Ber., 1908, 41, 935; 
J. Amer. Ghem. Soc., 1911, 33, 1966), and Ingold and Marshall 
(J., 1926, 3080) and has been found to lead to the alkyl- or aryl- 
hydroxyanthrone (I) or the dialkyl- or diaryl-dihydroanthraquinol 

(II) , the last class of compound being by far the most readily 
accessible. 

R-C-OH R-C-OH CIX 

(I.) <> <n.) <> <> (III.) 

CO ROOK CIX 

These last are stable towards alkaline reducing agents, although very 
easily reduced to the anthracene derivatives in acid solution, but 
when R is an alkyl group there is usually a marked tendency for loss 
of water to take place with the production of an alkylideneanthracene 

(III) or a polymerisation product of this. The yields of diol (II) 
recorded in different experiments are very varied. For example, by 
the action of magnesium phenyl bromide on anthraquinone, Haller 
and Guyot obtained only a 10% yield of the diol, Ingold and Marshal] 
a 34% yield, and Kovach^ an 80% yield. It has now been found 
that one of the chief reasons for the poor yields frequently obtained 
lies in the reducing action of the Grignard solution, which leads to 
the partial reduction of the anthraquinone to an anthraquinol: 

CO C-OMgBr 

<> +2ArMgBr= <|> + Ar-Ar 

CO C-OMgBr 
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a reaction which is somewhat analogous to a pinacol condensation, 
but which takes place in the complete absence of metallic magnesium 
(compare Boyd and Hatt, this vol., p. 898). Occasionally the 
reduction proceeds further and a considerable quantity of the 
diarylanthracene may be formed. 

The action of Grignard solutions on anthrones has been studied 
by Haller and Guyot (Bull. Soc. chim 1904, 31, 797), Guyot and 
Staehling (ibid., 1905, 33, 1104, 1144), Jungermann (Her., 1905, 38, 
2868), Rrollpfeiffer and Branscheid (ibid., 1923, 56, 1617), Sieglitz 
and Marx (ibid., 1923, 56, 1619), Kehrmann, Monnier, and Ramm 
(ibid., 1923, 56, 169), Barnett and Matthews (ibid., 1926, 59, 1429), 
and Barnett, Cook, and Matthews (ibid., 1926, 59, 2863) and 
has been found to lead to a dihydroanthranol (IY), from which (when 
R — H) loss of water takes place extremely easily (for example, by 
treatment with an acid) with the formation of an alkyl- or aryl- 
anthracene (V). 


R-C-R 
(IV.) <> 
R'-C-OH 


OR 



(V.) _ 


OR 

<l> 

OOH 


(VI.) 


When neither R group represents a hydrogen atom the yields of the 
dihydroanthranol are excellent, although in this case the subsequent 
loss of water is impossible, but when one of these groups is a hydrogen 
atom the Grignard solution brings about considerable conversion 
of the anthrone into the enolic anthranol (VI) and poorer yields of 
the dihydroanthranol are obtained. The reaction is also com¬ 
plicated in some cases by reduction taking place which is probably 
due, at least in part, to loss of an alcohol from the dihydroanthranol 
first formed (compare Branscheid, Dissert., Marburg, 1923). The 
method is, nevertheless, an extremely valuable one for the synthesis 
of both meso-alkyl- and meso-aryl-anthracenes, although of less 
general application than might be expected. 

The action of magnesium alkyl halides on 1:5-dichloro-9-phenyl- 
anthrone gave oily products (probably VII) from which in some 
cases yellow and fluorescent (VIII) and/or colourless and non- 
fluoreseent (IX) isomeric substances were obtained. 

PhOH OPh Ph-C-H 

(VH.) X<>X X<|>X (VIII.) X< >X (IX.) 

hooch 2 r c*ch 2 r ochr 

(X = C c H 3 C1.) 

The action of magnesium benzyl chloride on 1: 5-dichloro-9- 
phenylanthrone yielded a dihydroanthranol to which the ^ana- 
configuration is assigned (X), since it could not be converted into 
phenylbenzyldichloroanthracene (XII), all attempts at dehydrate^/ 
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leading either to the isolation of the unchanged material or to the 
production of indefinite substances from which no pure product 
could be isolated. A less amount of the cis-dihydroanthranol 
(XI) must have been formed simultaneously, as the liquors from the 
£rans-isomeride gave, on evaporation, an oil from which phenyl- 
benzyldichloroanthraeene (XII) was easily obtained as a yellow, 
fluorescent substance by treatment with acids : 

Ph-OH Ph-C-H OPh 

(X.) X<>X X<C>X(XI.) X<|>X ( XII .) 

HOC-Bz Bz-OOH C-Bz 

The fact that phenyldichloroanthrone can yield alkylidene com¬ 
pounds whereas phenylanthrone yields only the anthracene 
derivatives is in harmony with previous observations on the stabilis¬ 
ing influence of a-chlorine atoms on the derivatives of 9:10-dihydro- 
anthracene, and the inter-conversion of the alkylidene compounds 
(IX) and the anthracene derivatives (VIII) would supply definite 
proof of the theory of transannular tautomerism (Barnett, Cook, 
and Matthews, loc . eft.)* To this end a detailed examination of the 
products described in the present communication is now in progress. 

Ingold and Marshall (be. cit ,) have shown that the 9 :10-diaryl- 
anthracenes undergo a reversible deepening in colour when heated 
with an inert solvent of high boiling point and have attributed this 
to dissociation of the “ bridge ” bond leaving the meso-carbon atoms 
in the tervalent state. Liebermann, Glawe, and Lindenbaum (Ber., 
1904, 37, 3337) and Schlenk (AnnaUn, 1912, 394, 191) have pre¬ 
viously brought forward evidence of the existence of anthracene 
derivatives in which one of the wieso-carbon atoms is tervalent, 
although the latter observer was unable to detect dissociation of 
9; 10-diphenylanthracene. The present authors have confirmed 
qualitatively Ingold and Marshall’s statements as regards the 
reversible deepening in colour of the diarylanthraeenes in mesitylene 
solution, and have found that not only the diarylanthraeenes men¬ 
tioned in the sequel, but also the 9-phenyl-10-alkylanthracenes 
exhibit the same phenomenon. A similar remark applies to 
9-phenylanthraeene, although in this case the effect is so slight as to 
be barely perceptible. The colourless products to which the 
alkylidene formula (IX) has been attributed in the foregoing do not 
become coloured when their solutions ha mesitylene are boiled, and 
this is regarded as additional evidence in favour of the structure 
assigned to them. 

Ingold and Marshall assume, by analogy with the hexa-aryl- 
; ethanes, that the formation of disodio- and dipotassio-eompounds of 
the diarylanthraeenes indicates the existence of a dissociable 
“ bridge V bond. This argument is inadmissible, as anthracene 
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itself gives similar compounds (Schlenk, Appenrodt, Michael, and 
Thai, Ber ., 1914, 47, 473) and, indeed, the formation of these com¬ 
pounds is merely a further example of the resemblance of the 
“ bridge 55 to an ethylenic bond. 

In any case, the dissociation of the diaryl- and arylalkyl-anthra- 
cenes is just as much in harmony with the orthoquinonoid formula as 
with the “ bridge ” formula and there appears to be no method of 
differentiating between these two structures. Arguments based on 
physical properties such as refractivity (compare Auwers, Ber., 1920, 
53, 941) are fictitious, since the “ bridge/’ if it does exist, does not 
behave like an ordinary single bond, although represented as such. 
In all its chemical properties it exactly resembles an ethylenic bond 
and in calculating a physical constant it should be treated as a double 
bond. If this is done, the “ bridge ” and the orthoquinonoid 
structures represent each a system containing seven double bonds 
and are therefore indistinguishable. The chief advantages of the 
“ bridge ” formula are that it represents reactions of transannular 
addition and loss somewhat more clearly than the orthoquinonoid 
formula does, and it does not predict the existence of two a- or two 
p-monosubstitution products which would be expected from the 
orthoquinoid structure in the absence of a conception of dynamic 
equilibrium. For these reasons, it is used in this communication 
and is regarded as the best symbolical representation of the anthra¬ 
cene molecule whether the £< bridge 5 * bond has any real existence 
or not. 

Experimental. 

9 : 10-Dijplienyl-0 : 10-dihydroanthraquinol was prepared from 
anthraquinone and magnesium phenyl bromide in 50% yield 
without using the special precautions recommended by Kovachd. 
The pure product melted at 260—263° (Haller and Guyot give 
247° and Ingold and Marshall 252—264°). To prove the formation 
of anthraquinol, the crude Grignard product was poured on ice and 
ammonium chloride, the ether removed by distillation in steam, and 
the resulting solid extracted with boiling dilute sodium hydroxide 
solution, all these operations being performed in an inert atmosphere. 
When air was blown through the deep red alkaline extract, anthra¬ 
quinone was deposited, and after recrystallisation it was identified 
by the method of mixed melting points. 

In another experiment in which the crude diol was recrystallised 
from xylene, 9:10-diphenylanthraeene was isolated from the liquors 
and identified by direct comparison with an authentic sample. 

9.10-Di-p-anisyl-9 :10-dihydroanthraquinol * was prepared fey 

. * Th u ls c ? m P 01 f d was previously prepared by Haller and Comptesee f^j. 
cit.), who also reduced it to dianisylanthracene. a - >, ,! • ^ 
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Ingold and Marshall’s method (foe. cit.) from anthraqninone and 
magnesium jp-anisyl bromide.* The inherent improbability of 
their statement that octahydrodiphenylanthracene is obtained when 
this diol is heated with hydriodic acid and phosphorus at 150° led 
us to repeat the experiment and we have identified their product as 
9 :10-dihydroanthracene by direct comparison with an authentic 
sample. A previous example of facile loss of a meso - group on heating 
with hydriodic acid has been given by one of us (J., 1926, 1684). 

1- Chloro-9 :l6-diphenylanthracene. —By boiling 1-chloroanthra- 
quinone for 4 hours with 4 mols. of an ethereal solution of magnesium 
phenyl bromide a crude product was obtained from which 1-chloro- 
9 :10-diphenylanthracene was isolated by recrystallisation first from 
toluene and then from acetic acid. It then formed a yellow, 
crystalline powder, m. p. 185° (Found : Cl, 9*7. C 26 H 17 C1 requires 
Cl, 9-7%). In addition to the above, the crude product also con¬ 
tained 1-chloroanthraquinone (due to atmospheric oxidation of the 
anthraquinol) and as it gave an indigo-blue colour with concen¬ 
trated sulphuric acid the diol also was doubtless present. For the 
preparation of l-chloro-9 : 10-diphenylanthracene, it was found best 
to remove the anthraquinone by extraction with alkaline hydro- 
sulphite solution and then to reduce by boiling with zinc dust and 
acetic acid. 

2- Chloro-9:10-diphenylanthracene was obtained as a yellow, 
crystalline powder, m. p. 194°, by reduction of the crude diol ob¬ 
tained from 2-ehloroanthraquinone and magnesium phenyl bromide 
(Found: Cl, 9-7. Calc.: Cl, 9*7%), Subsequent to our preparation 
of this compound, it was described by Ingold and Marshall (foe. cit.). 

1:5- JDichloro -9:10- diphenyl - 9 : 10 - dihydroanthraquinol . — A 
vigorous reaction took place when 12 g. of 1:5-dichloroanthraquinone 
were added to a cold ethereal solution of magnesium phenyl bromide 
(4 mols.). After boiling for 6 hours, the whole was poured on ice 
and solid ammonium chloride, and volatile substances were removed 
by distillation with steam. The crude product contained much 
dichloroanthraquinone (due to atmospheric oxidation of the 
anthraquinol) and this was removed by repeated extraction with 
large volumes of boiling alkaline hydrosulphite solution. The 
residue, recrystallised from nitrobenzene and from xylene, formed 
a colourless, crystalline powder which melted to a red liquid at 

* 49 G. of pure ^-bromoanisole were obtained when a solution of 52 g. 
of p-bromophenol in 200 c.e. of 10% potassium hydroxide solution was heated 
on the water-bath until neutral (about 2 hours) with 70 g. of methyl^p-toluene- 
sulphonate, the whole being shaken from time to time. After addition of a 
large excess of alkali and heating for an hour to destroy the excess of the 
ester, the bromoanisole was removed by distillation with steam, dried in 
ethereal solution with calcium chloride, and distilled. 
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320° and gave an indigo-blue solution in concentrated sulphuric acid. 
The yield was 5 g. and numerous attempts under various conditions 
failed to improve it (Found: C, 71*9; H, 4*45. C 26 H 18 0 2 Cl a 
requires C, 72*0; H, 4*2%). Unlike all other dihydroanthra- 
quinols which have been studied up to the present, the above diol 
is extremely stable to reduction, and prolonged boiling with zinc 
dust and acetic acid, with or without the addition of hydrochloric 
acid, failed to convert it into diphenyldichloroanthracene. 

1:5:9 :10 - Teirachloro - 9 :10 - diphenyl - 9 :10 - dihydroanthracene 
was obtained when dry hydrogen chloride was passed through a 
solution of the above diol in boiling tetralin, and also when 1 : 5-di- 
chloro-9 :10-diphenylanthracene was treated with a solution of 
chlorine in carbon tetrachloride. It formed colourless crystals which 
melted to a red liquid at 250° and liberated iodine from potassium 
iodide in acetic acid solution (Found : Cl, 30*3. C 2C H 16 C1 4 requires 
Cl, 30*2%). 

9-Benzylanthracene. —By the action of a well-cooled solution of 
magnesium benzyl chloride (3 mols.) on anthrone (1 mol.) there was 
obtained a colourless, crystalline compound, m. p. 50°. This 
dihydroanthranol (IV. It = H; B/ = C 7 H 7 ) is less stable than its 
isomeride (Cook, J., 1926, 2160) and passes into 9-benzylanthracene 
on keeping over-night in a vacuum desiccator. 

Neither o-tolyl- nor p-anisy 1-anthracene could be obtained from 
anthrone by the action of magnesium tolyl or anisyl bromide, most 
of the anthrone being recovered unchanged. 

Action of Grignard Solutions on 9-Phenylanthrone. —In all cases, 
9 g. of finely powdered 9-phenylanthrone were added to an ethereal 
solution of the Grignard reagent (3 mols.), the whole being cooled in 
a freezing mixture. After remaining over-night at the ordinary 
temperature, the mixture was poured on ice and solid ammonium 
chloride, the ethereal layer washed, and the ether removed by 
distillation. The residual crude dihydroanthranol passed very 
easily into the alkylanthracene by heating with acetic acid alone or 
with the addition of acetic anhydride or a few drops of hydrochloric 
or dilute sulphuric acid. In order to establish the reaction, the 
dihydroanthranol was purified and analysed in three cases. 
Attempts to effect dehydration in such a way that an alkylidene 
derivative was formed were not successful. When the reaction was 
carried out with magnesium isobutyl bromide* only 9-phenyl- 
anthracene was obtained, a result which may be due to the reducing 
properties of the Grignard solution but is more probably to be 
attributed to loss of butyl alcohol from the crude dihydroanthranol; 
The same result was obtained when the Grignard solutxon;v^i|| 
carefully freed from metallic magnesium. v „ 
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9-Phenyl-10-a-naphthyldihydroanthranol was found to be more 
stable than the other dihydroanthranols, but it was converted into 
9-phenyl-10-a-naphthylanthracene by boiling for 3 hours with 
acetic anhydride. 

Phenyl-n-butylanthracene, phenylbenzylanthracene, andphenyl- 
a-naphthylanthracene are yellow in colour, but all the other hydro¬ 
carbons are colourless. They are all strongly fluorescent. The 
dihydroanthranols are all colourless and non-fluorescent. 

The following table gives the in. p. and analytical figures for carbon 
and hydrogen, the calculated values being in brackets. The solvent 
from which final crystallisation was effected is given after the m. p. 


Group. 

Phenylalkyl (or aryl)- 

Phenylalkyl (or aryl)- 

dihydroanthranol. 

anthracene. 

Et 


M. p. 110° (alcohol). 

93*4, 6*5 (<VH 18 : 93*6, 

6*4%). 

Pra 

M. p. 148—150° (much lower 
in a preheated bath) (benz¬ 
ene-light petroleum). 

87*6, 7-2 (Co 3 H 22 0 : 87*9, 

7*0%). 

M. p. 115—116° (alcohol). 

93*1, 6*7 (C 23 H 20 : 93*2, 

6*75%). 

Pr£ 


M. p. 166—167° (methyl ethyl 
ketone-alcohol). 

93*2, 6*9 (CyS^: 93*25, 
6*75%). 

Bu<x 


M. p. 156° (ethyl acetate). 

92*6, 7*1 (C 24 H 22 : 92*9, 

7*1%). 

ifioAmyl 


M. p. 203—204° (benzene- 
alcohol). 

92*3, 7*45 (C 25 H 24 : 92*6, 

7*4%). . 

Bz 

M. p. 177° (benzene). 

89*3, 6*2 (C 27 H 22 0 : 89*5, 

6-1%). 

M. p. 155° (acetic acid). 

94*0, 6*0 (C 27 H 20 : 94*2, 

5*8%). 

a-C 10 H, 

M. p. 260—262° (toluene). 

90*2, 5*65 (C 30 H 22 O: 90*4, 
5-5%). 

M. p. 244—245°* (benzene- 
alcohol). 

94*5, 5*4 (Calc.: 94*7,5*3%). 


* Previously made by a different method by Guyot and Staehling (Bull. 
Soc. chim.t 1905, 33, 1120), who gave the m. p. as 229°. 


Action of Orignard Solutions on 1 : 5-Dichloro-Q-phenylantJirone .— 
In all cases the reaction was carried out by adding finely powdered 
1 : 5-dichloro-9-phenylanthrone (m. p. 254° and not 245° as erron¬ 
eously given previously; Barnett and Matthews, Ber., 1926, 59, 
670) to an ethereal solution of 3-—4 mols. of the Grignard reagent, 
the whole being cooled in a freezing mixture. After remaining 
over-night at the ordinary temperature, the mixture was poured 
on ice and solid ammonium chloride. The washed and filtered 
ethereal, solution was then evaporated to dryness. Under these 
conditions viscous oils which could not be made to crystallise were 
obtained with all the magnesium alkyl halides, and these were 
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therefore dissolved in acetic acid and heated on the water-hath with 
the addition of a little sulphuric or hydrochloric acid. 

1: 5-DicMoro-9-phenyl-10-methylene-9 : 10-dihydroanlhracene (IX; 
R = H), after recrystallisation from ethyl acetate, formed a 
snow-white, crystalline powder which showed no fluorescence; 
m. p. 150° (Found : C, 74*6; H, 4*5; Cl, 20-8. C 21 H 14 C1 2 requires 
C, 74-8; H, 4-2; 0,21-1%). 

1: 5-Dichloro-9-phenyl-10-ethylidene-9 : 10-dihydroanlhracene (IX; 
R = Me). The crude dihydroanthranol, when boiled with acetic 
acid and a min eral acid, gave chiefly a red, resinous product, but by 
dissolving this in ethyl acetate, adding alcohol, and then allowing 
the solution to evaporate slowly at the ordinary temperature, a 
colourless product (about 0*5 g. from 7 g. of phenyldichloroanthrone) 
was obtained which, after recrystallisation from alcohol and then 
from ethyl acetate, melted at 159° (Found: C, 75*3; H, 4*9. 
C 22 Hi 6 C1 2 requires C, 75*2; H, 4-6%). 

n-Propyl derivatives. By treating the red resin obtained by 
heating the crude dihydroanthranol with acetic and hydrochloric 
acids as described above, a small amount of a colourless, non- 
fluorescent product was isolated which, after recrystallisation 
from methyl alcohol, melted at 135°. This was undoubtedly 
1 : 5-dichloro-9-phenyl-1 0 -propylidene-9 :10-dihydroanthracene (IX; 
R = Et) (Found: C, 75*3; H, 5T. C^H^gC^ requires C, 75*6; 
H, 4*9%). 

In another experiment, in which the crude dihydroanthranol was 
treated with acetic and sulphuric acids, the red resin, when treated 
as described above, yielded a small amount of a yellow, strongly 
fluorescent substance which, after being washed with boiling methyl 
alcohol and recrystallised from ethyl acetate, melted at 196°. This 
product was almost certainly 1 : 5~dichloro-9-phenyl~l0-n-propyl» 
anthracene (VIII; R = Et), but the yield was less than 0*1 g. from 
7 g. of phenyldichloroanthrone (Found: C, 75*8; H, 5*6. 
C 2 gH 18 Cl 2 requires C, 75*6; H, 4*9%). 

iso Propyl derivative . Treatment of the crude dihydroanthranol 
with acetic and either sulphuric or hydrochloric acids yielded a red 
resin from which, by treatment with ethyl acetate as described 
above, about 0*2 g. of a yellow, strongly fluorescent, crystalline 
powder, m< p. 195° (to a red liquid), was isolated which analysis 
indicated to be 1: 5-dichlvro-9-phenyl-10-i&opropylanthracene (Found: 
C, 75*0; H, 5*1. C23H 18 C1 2 requires C, 75*6; H, 4*9%). 

n- and i&o*Butyl derivatives . In neither case was ft found possible 
to isolate sufficient pure material from the red resin for analysis, but 
from the n-butyl product a minute amount of a yellow, fluorescent, 
crystalline powder, m. p. 186° (to a red liquid), was obtained. 

3 



1732 meso- alkyl and meso- aryl anthbacene derivatives.' 

1: 5-Dichloro-9-phenyl-lO-benzyl-9 : 10-dihydroanthrcmol (X).— 
The reaction between phenyldichloroanthrone and magnesium 
benzyl chloride was carried out as with other magnesium alkyl 
halides. After the mixture had been poured on ice and ammonium 
chloride, the colourless solid which was insoluble in ether was col¬ 
lected, washed with ether, and recrystallised from alcohol; m. p. 
173° (yield, 3*5 g. from 7 g. of phenyldichloroanthrone) (Found: 
Cl, 16-5. C 27 H 20 OCl 2 requires Cl, 16*5%). This product was much 
more stable to acids than most dihydroanthranols; when boiled 
under reflux with glacial acetic acid and either hydrochloric or 
sulphuric acid, or with acetic anhydride, or when heated alone to 
300°, it underwent some change, but repeated crystallisation of the 
product from various solvents failed to yield any substance of 
constant melting point. 

1 : 5-Dichloro-9-phenyl- 10 -benzylanthracene (XII).—When the 
ethereal solution from the above preparation was evaporated to 
dryness, an oil was left which rapidly passed into a crystalline solid 
when heated on the water-bath with glacial acetic acid containing 
a little hydrochloric acid. After boiling with animal charcoal in 
acetone-aqueous alcohol solution and recrystallisation from benzene, 
this was obtained as a yellow, crystalline powder, m. p. 209°. The 
solution showed a strong blue fluorescence (Found : C, 78*4; H, 4*8. 
CavH-tgC^ requires C, 78*4; H, 4*6%). 

1 : 5-Dichloro-O : 10-diphenyl-9 :10-dihydroanthranol was obtained 
in good yield from phenyldichloroanthrone and magnesium phenyl 
bromide and after recrystallisation from alcohol melted and evolved 
gas at 201° (Found : Cl, 17*2. C 26 H 18 0C1 2 requires Cl, 17*0%). 

Attempts to prepare the corresponding a-naphthyl compound led 
only to the isolation of unchanged phenyldichloroanthrone. 

1: 5-Dichloro- 9 : lO-diphenylanthracene. —The above dibydro- 
anthranol was boiled with glacial acetic acid containing a little 
hydrochloric acid, and the product recrystallised several times from 
amyl alcohol and from benzene-light petroleum. It then formed 
a yellow, crystalline powder, m. p. 236° after previous sintering 
(Found; Cl, 17*9. C 26 H 16 C1 2 requires Cl, 17*8%), On oxidation 
with sodium dichromate in boiling glacial acetic acid, it passed into 
the same dihydroanthraquinol that was obtained by the action of 
magnesium phenyl bromide on 1 :5-dichloroanthraquinone. 

The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
some of the cost of this research. 
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CCXX V—Studies of Dynamic Isomerism. Part 
XXIII. Mularotation in Aqueous Alcohols. 

By Evan Matthew Richards, Irvine John Faulkner, and 
Thomas Martin Lowry. 

The present paper summarises the mutarotation data for some 
80 solutions of glucose and of tetramethyl glucose in aqueous methyl 
and ethyl alcohols. These measurements formed part of a research 
on the influence of water concentration on velocity of mutarotation, 
and may therefore he regarded as a sequel to a recent investigation 
of the velocity of mutarotation of tetramethyl glucose and tetra- 
aeetyl glucose in aqueous acetone (Part XXI; J., 1926, 720). The 
results, however, were of an entirely different character from those 
recorded in the preceding papers of this series. Thus, whereas 
solutions in aqueous pyridine gave a curve with a strongly developed 
maximum (J., 1925,127,2883), and those in aqueous acetone gave a 
drooping curve approaching asymptotically to the axis of concen¬ 
tration (J., 1926, 721), the curves for solutions in aqueous alcohols 
show an approximate proportionality between water concentratation 
and velocity, which persists up to 50% and up to about 70% of 
water in the case of methyl and ethyl alcohol, respectively. 

It is not easy to give a precise interpretation of these facts. The 
direct proportionality between water content and velocity of 
mutarotation, which has been established by these present experi¬ 
ments, was regarded by Baker, Ingold, and Thorpe as a logical 
deduction from the hydrate theory of mutarotation, a conclusion 
that was illustrated by a diagram on which a line passing through 
the origin was labelled “ Theoretical for Lowry and Armstrong’s 
Mechanism ” (J., 1924, 125, 281). Since, however, the lines which 
represent the influence of water concentration on the velocity of 
mutarotation in the two aqueous alcohols do not point towards the 
value for pure water, but to a velocity which is only about two-thirds 
as great, we cannot adopt the elementary view that mutarotation 
depends on a simple mass action, in which the catalytic activity of 
the water is proportional to its volume concentration and inde¬ 
pendent of all other factors. Moreover, we have already shown in 
the case of aqueous acetone that the velocity of mutarotation is not 
proportional to the “ fugacity ” of the water, since the partial 
vapour pressure of this component rises steeply in the region of 
small concentrations, whereas the velocity curves rise only very 
slowly from a horizontal asymptote. A similar conclusion can now 
be drawn in reference to aqueous ethyl alcohol, since the steep rise 
in the partial vapour pressure of the water, recently record^ ^|||] 
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Dobson (J., 1925,127, 2872), is again in complete contrast with the 
slow x>rogressive increase of velocity indicated by the straight lines 
of Fig. 1; nor does it appear likely that these unrelated curves could 
be brought into agreement by means of a correction based upon a 
hypothetical variation in the “ fugacity ” of the sugar. The new 
experimental evidence therefore provides ample confirmation of the 
view, which was already adopted in 1904 (J,, 85, 1567), that the 
velocity of mutarotation of the sugars in aqueous solutions is not 
controlled by the initial hydration of the anhydrous sugar (which 


Fig. 1. 



Mutarotation o/ glucose ond tetramethyl glucose in aqueous methyl and 
ethyl alcohols . 

can be regarded for this purpose as an instantaneous action) but 
by a much slower, and more fundamental, molecular rearrangement 
of the hydrate. " 

The factors which determine the velocity of this fundamental 
change of structure have not yet been fully disclosed. On general 
grounds it might be supposed that the velocity of the change 
would be proportional to the dielectric constant of the solution. 
The data for the dielectric constant of aqueous ethyl alcohol, which 
are plotted in Fig. 1, show that this property is related to the water 
content of the solutions according to a nearly linear law, which 
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extends (with a e< sag ” of 3 or 4 units in the centre of the curve) 
over the whole range of concentrations from 0 to 100%. Whilst, 
however, the dielectric constants for water and for ethyl alcohol 
are in the ratio 80 : 26 = 3 :1, the velocities of mutarotation in 
the two solvents are in a ratio which cannot be less than 80 :1, since 
the velocity coefficient for tetramethyl glucose falls from 0*0128 in 
water to a figure which is certainly less than 0*00016 in alcohol. The 
velocity of mutarotation in pure alcohol is indeed so small as to be 
almost negligible, whereas the dielectric constant of the medium is 
quite high enough to give to it the normal properties of an ionising 
solvent. Again, the curve showing the variation of the dielectric 
constant with the water content of the solution (like that which 
expresses the partial vapour pressure of the water) gives no indication 
whatever of the abrupt change of direction in the velocity curve, 
which is more than twice as steep for solutions containing from 75 to 
100% H 2 0 as for solutions containing 0 to 70% H 2 0. 

Since none of these suggested relationships can 1/e verified, the 
theory which links the velocity of mutarotation with the acid and 
basic properties of the medium (J., 1925,127,1382) is at the present 
time the only one for which any experimental justification can be 
found. In the case of aqueous solutions, detailed evidence of this 
relationship is given by Euler’s precise quantitative determination 
of the influence of hydrogen-ion concentration on the velocity of 
mutarotation of a- and (5-glucose (Z. anorg. CJiem ., 1925, 146, 45; 
compare Hudson, J. Amer. Chem . Soc. y 1907, 29, 1572, and Kuhn 
and Jacob, Z . physikal. Chem 1924, 113, 389), In the case of 
solvents which are either wholly or partly non-aqueous, the 
hydrogen-ion concentrations are not known; but, since muta¬ 
rotation can be arrested in media which possess only acid or only 
.basic properties (as well as in media which possess neither), there 
can be little doubt that in these cases also the velocity of muta¬ 
rotation must be a fairly simple function of these two properties. 

Experimental. 

The first experiments were made with samples of purified glucose 
and glucose hydrate supplied by Messrs. British Drug Houses, 
Limited. The suitability of these two samples for experiments on 
mutarotation was established by the fact that they gave normal 
values for the velocity coefficient in aqueous solutions, namely, 
Jc e = 0*0146 for the anhydrous sample and Jc e = 0-0147 for the 
hydrated sample at 20° * We are indebted to Mr. G. F. Smith; 

* The values recorded here and in the preceding papers (Barts :i 3Cp2;.#^ 
XXII) are for = l/*{log«(a 0 — a*) — log,(a< — a*)} and not for 
Wog 10 (ao - Ooo) - log 10 (<*• - a«». „ , , 
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for a detailed investigation of this point. His observations showed 
that a commercial sample of glucose, which gave Jc e = [0-0160], 
0*0142, 0*0145, 0*0144 and 0*0144, after precipitation with alcohol 
gave h e — 0*0153, 0*0146. After crystallisation of the original 
sample from alcohol the product gave k e == 0*0146, 0*0146, whilst 
after a second crystallisation from alcohol it gave k e = 0*0145. 
The average, lc e = 0*0146, of these very concordant data may be 
taken as a standard velocity coefficient in future tests of the purity 
of glucose. Values recorded by other workers are set out below 
for comparison. 


(a) At 20° 


(b) At 25° 


Velocity of mutarotation of glucose in water. 


&10* 

h. 

0*0065 

0*0150 

0*0059 

0*0136 

0*0061 

0*0140 

0-00635 

0*0146 

0*00627 

0*0144 

0*0104 

0*0239 

0-0074 

0-0170 

0*0100 

0-0230 

0*0106 

0*0244 

0*0103 

0-0237 

0*0104 

0*0239 

0*0095 

0*0219 


Observer. 

Trey (Z. physical, Ghern ., 1895, 18, 205). 
Parcus and Tokens ( Annalcn , 1890, 257, 
160). 

Levy (Z. physikal. Chem., 1895, 17, 307). 
Hudson and Dale (J. Amer . Chem. Soc., 
1917, 39, 320). 

Mackenzie and Ghosh (Proc. Boy. Soc. 
Edin ., 1914, 35, 22). 

Osaka {Z. physical. Chem., 1900, 35, 702). 
Trey (ibid., 1897, 22, 427). 

J. Meyer (ibid., 1908, 62, 59). 

Hudson (J. Amer. Chem. Soc., 1907, 29, 
1573). 

Boeseken (Ber., 1913, 46, 2626). 

Kuhn and Jacob (Z. physical. Chem., 1924, 
113, 387). 

Worley and Andrews (J. Physical Chem., 
1927, 31, 744). 


When dissolved in methyl alcohol (purified as described in Part 
XIX and containing about 99*5% MeOH), the anhydrous glucose 
gave a velocity coefficient k e = 0*0006. The corresponding value for 
tetramethyl glucose in a sample of methyl alcohol containing 99*1% 
MeOH was 0*0004, but this was subsequently reduced to 0*0002 by 
further purification of the alcohol, and even lower values have since 
been recorded by Worley and Andrews (J. Physical Chem., 1927, 31, 
742) for the velocity coefficient of glucose in anhydrous methyl 
alcohol. The minimum velocity, however, represents a standard of 
purity which cannot be maintained in practice, since it corresponds 
with the conditions required to produce a complete arrest of muta¬ 
rotation in a hydrocarbon solvent; Worley’s velocities, as well as 
our own, are therefore a little too high at the alcohol end, but not 
to such an extent as to affect the general form of the velocity 
curves. 

On account of the limited solubility of glucose in ethyl alcohol, 
suitable solutions could not be prepared in the higher ranges of 
concentration, and, even when methyl alcohol was used, it was 
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found convenient to prepare many of the solutions by filtering off an 
excess of the sugar, instead of by weighing out an exact percentage. 
Since identical velocity coefficients were obtained for these filtered 
solutions of glucose in 40% alcohol, and for solutions containing 
4% of sugar, it appears that the velocity is not affected by the 
corresponding changes of sugar concentration; but, since filtration 
introduces an additional risk of contamination by catalytically 
active impurities, the difficulty of securing concordant velocities 
was increased considerably by the sparing solubility of the sugar, 
and in several cases the experiment had to be repeated more than 
once before a trustworthy minimum velocity could be recorded. It 
was therefore decided to regard all the data for glucose as pre¬ 
liminary determinations only, and to confirm the whole of the 
observations by duplicate experiments with tetramethyl glucose. 
This procedure had the double advantage that the sugar was of 
undoubted purity (compare J., 1925, 127, 1387, footnote; 1926, 
721), and that solutions of any desired strength could be prepared 
in an aqueous alcohol of any desired concentration and examined 
under comparable conditions. Moreover, it was found in practice 
that much less difficulty was experienced in securing consistent 
values for the velocity coefficients. Nevertheless, the complete 
concordance of the velocity curves for tetramethyl glucose with 
those already plotted for the parent sugar shows that the velocity 
coefficients finally recorded for glucose must have been substantially 
correct. 

Results .—In order to economise space, all the direct readings of 
rotatory power have been omitted, but the unimolecular velocity 
coefficients deduced from them are set out in Tables I to IV below, 
and are represented graphically in Fig. 1. In general there is no 
great difference between the velocity of mutarotation in methyl and 
ethyl alcohols of a given water content, as is seen in the following 
summary of the data for glucose : 


Water (%). 

10,000 k g (EtOH) 

10,000 MMeOH) 


90 

SO 

70 

60 

50 

40 

30 

20 

10 

114 

89 

73 

61 

52 

38 

— 

16 

— 

117 

91 

76 

62 

48 

39 

31 

20 

13 


The two curves must cross, however, on either side of the 50% point, 
since the velocities at this concentration are slightly less in methyl 
than in ethyl alcohol, whereas they are slightly greater in the ranges 
outside 40 to 60% H 2 0. 


In Fig. 1, the full lines are for tetramethyl glucose, whilst the 
dotted lines refer to the less trustworthy experiments with glucose. 
Curves have also been added to show the dielectric constant, and the 
partial pressure of water vapour, in mixtures of ethyl alcohol 
water. The experimental points have been represented a| $ 
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RICHARDS, FAXJLKNER, AND LOWRY : 

Table I. 


Mutarotation of Glucose in Aqueous Methyl Alcohol at 20° 


Water 

Sugar 

0/ 

/o* 

Length 
of tube 

Vel. 

coeff., 

Water 

Sugar 

0/ 

/o* 

Length 
of tube 

Vel. 

coeff. 

%* 

(cm.). 

k e X 10 4 . 

0/ 

/o- 

(cm.). 

7^X10* 

100-0 

5 

20 

146 

60 

5 

20 

63 

95*2 

3 

59 

131 

60 

5 


62 

90 

5 

99 

117 

49-4 

Sat. 

60 

48 

» 

3 

99 

118 

49-2 

3 

20 

48 

85 

99 

99 

105 

40 

1 

60 

39 

82-6 

99 

99 

100 

30 

1 

99 

31 

80-2 

99 

V 

99 

93 

25-2 

Sat. 

99 

25 

80*1 

99 

91 

19-8 

99 

99 

20 

77*6 

99 

99 

90 

10 

1 

99 

13 

75-3 

99 

99 

84 

1-5 

Sat. 

20 

11 

70-2 

99 


77 

0-3 

99 

60 

8 

70-0 

5 

99 

76 

0-5 

99 

99 

6 


Table II. 

Mutarotation of Glucose in Aqueous Ethyl Alcohol at 20°. 


1 - . 

First series. 



Second series. 


Water 

Sugar Vel. coeff., 

Water 


Vel. coeff.. 

%- 

%• * 

a X 10*. 

o/ 

/o* 

Sugar. k e 

x io 4 . 

100 

5 

146 

74-7 

Sat 


83 

90 

99 

114 

99 

99 


83 

80 

99 

89 

70-0 

99 


72 

70 

99 

73 

99 

99 


74 

60 

4 

62 

65-1 

99 


70 

j) 

Sat. 

63 

99 



68 

50 

99 

54 

59-5 



61 




50-2 

99 


52 


Table III. 



Table IV. 


Mutarotation of Tetmmethyl 

Mutarotation 

of Tetramethyl 

Glucose in Aqueous Methyl Alcohol 

Glucose in Aqueous Ethyl Alcohol 

at 20°. 

Length 

Vel. 

at 20°. 


Length 

Vel. 

Water 

Sugar of tube 

coeff.. 

Water 

Sugar 

of tube 

coeff.. 

%- 

%. (cm.). 

Jfe.XlOV 

%- 

%• 

(cm.). 

hx 10*. 

100 

5 20 

127 

100 

5 

20 

127 

99 

4 60 

129 

95 

99 

99 

114 

90*1 

99 99 

108 

90 

99 

99 

104 

80*2 

99 99 

87 

85 

99 

99 

93 

70*3 

99 99 

72 

80 

99 

99 

84 

60*1 

99 99 

58 

75 

99 

99 

71 

49-3 

99 99 

45 

70 

99 


61 

40-3 

99 99 

37 

60 

99 


54 

30*1 

99 99 

32 

40 

99 

99 

36 

19*9 

99 99 

20 

20 

99 

99 

20 

0*9 

10 

4 

0 


99 

2 

on or near two straight lines for each of the series of observations 


la aqueous ethyl alcohol, and three straight lines in the case of 
anethyl alcohol. It is probable that the points might be represented 
equally well as lying on a continuous curve, like Worley’s data for 
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aqueous methyl alcohol at 25°; but for this purpose it would be 
essential that the curve should be indistinguishable from a straight 
line at concentrations up to 50% MeOH or 70% EtOH. Whilst, 
therefore, we do not suggest that there are any real 4 4 kinks ” in the 
velocity curves, we have plotted the data on a linear framework, on 
the ground that they probably belong to the type, of which the real 
existence was demonstrated many years ago by Pickering (see 
especially Phil. Mag., 1892, 33,134), which can be represented more 
closely by a pair of intersecting lines than by a single parabolic 
curve. Discontinuities of an even more striking character than 
those discovered by Pickering have been recorded by McCombie and 
his colleagues (J., 1921,119, 970; 1923, 123, 2688) in the data for 
/ the velocity of saponification of esters in aqueous alcohols, where 
44 breaks ” were observed at 79, 64, 48, and 37% MeOH, and at 80, 
62-5 or 59, 46, and 30% EtOH. Since their observations did not 
include the most dilute alcohols, it is not possible to make a direct 
comparison of these 44 breaks ” with the rapid changes of curvature 
which are shown by our data at about 20% MeOH and 25% EtOH; 
but the change of curvature at 48 to 50% MeOH which is indicated 
by our data occurs at a concentration agreeing closely with that of 
their 44 break 55 at 48% MeOH. A 44 break ” at this concentration 
has also been recorded in the viscosity, dielectric constant, and heat 
of dilution of this series of aqueous alcohols (McCombie, loo. cit 
2690). 

/' Summary. 

(a) Data are given for the velocity of mutarotation of glucose and 
of tetramethyl glucose in aqueous methyl and ethyl alcohols. 

{b) When the velocity coefficients are plotted against the water 
content of the solution, a linear relation is seen to extend up to 
about 50% H 2 0 in aqueous methyl alcohol and 70% H*0 in aqueous 
ethyl alcohol. 

(c) No parallelism can be traced between the velocity of muta¬ 
rotation and the partial pressure of the water, or the dielectric 
constant of the water-alcohol mixtures; but attention is directed 
to certain analogies with data recorded by McCombie and his 
colleagues for the velocity of saponification of esters dissolved hi 
aqueous alcohols. 

We are indebted to the Department of Scientific and Industrial 
Research for maintenance grants (to E.M.R. and U.P.) received 

during the period in which this research was carried out. 

University Chemical Lab oratory, [Received, November % $th, 1925., V 

Cambridge, Revised, Jy,w 
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HODGSON AND JENKINS0N : 


CCXXVI .—The Beimer-Tiemcmn Beaction with m- 

Chlorophenol, 

By Herbert Henry Hodgson and Thomas Alfred Jenkinson. 

A mixture of 4-chloro-2-hydroxy- and 2 -chloro-4-hydroxy-benz- 
aldehyde in almost equal quantities has been obtained from m- 
chlorophenol by the Reimer-Tiemann reaction. The constitutions 
of the two aldehydes were determined by converting the methyl 
ethers into the corresponding methoxy- and hydroxy-benzoic acids, 
and confirmed by preparing 4-chloro-2-methoxybenzaldehyde from 
4-nitro-2-methoxytoluene and 2-chloro-4-hydroxybenzaldehyde 
from 2-chloro-4~nitrotoluene. 

Experimental. 

4:-Chbro-2-hydroxy - and 2-Chbro-4z-hydroxy-benzaldehyde .—An 
intimate mixture of slaked lime (140 g.), sodium carbonate (160 g.), 
m-chlorophenol (56 g.), water (1000 e.c.), and chloroform (104 g.) was 
submitted to the usual Reimer-Tiemann procedure. 4-Chloro- 
2-hydroxybenzaldehyde (13 g.) was removed by steam distillation, 
the operation being stopped when the much less volatile 2-chloro- 
4-hydroxybenzaldehyde began to pass over. The hot liquor in the 
flask was filtered from tar and, on cooling, deposited 2-chloro- 
4-hydroxybenzaldehyde (13 g.) in pale yellow, feathery needles. 

With alcoholic potash in place of the lime-soda mixture, the 
reaction proceeded much more vigorously and produced more tar. 
Aqueous sodium and potassium hydroxides gave intermediate results. 

4:-Chloro-2-hydroxybenzaldehyde is very volatile in steam, being 
removed even from its yellow solutions in caustic alkalis. It 
is appreciably soluble in water and sulphurous acid, readily 
soluble in the usual organic solvents, and crystallises from 
alcohol or dilute acetic acid in long, colourless needles, m. p. 
52-5° (Found: 01, 22*6. C 7 H 5 0 2 C1 requires Cl, 22*7%). It 
has an odour resembling that of walnuts, gives a brown precipitate 
with ferric chloride, does not reduce ammoniacal silver nitrate or 
Fehling’s solution, and is very resistant to acetylation and to 
oxidation by acid, neutral, or alkaline potassium permanganate. 
Although not readily methylated, yet it benzoylates easily under 
suitable conditions. In aqueous solution, it gives with copper and 
chromium sulphates, on careful treatment with dilute aqueous 
sodium hydroxide, a bright green copper salt and a dark green 
chromium salt. The oxime is fairly readily soluble in hot water, 
easily soluble in alkalis, alcohols, and glacial acetic acid, but less 
soluble in chloroform, and crystallises from alcohol in colourless 
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needles, m. p. 155° (Found: Cl, 20-8, C 7 H 6 0 2 NC1 requires Cl, 
20*7%). The p-nitrophenylhydrazone crystallises from glacial 
acetic acid in orange needles, m. p. 257° (Found: Cl, 12-2. 
C 13 H 10 O 3 N 3 CL requires Cl, 12-2%), and gives a dark cherry-red 
colour with aqueous sodium hydroxide. The semicarbazone is 
readily soluble in alkalis, moderately easily soluble in alcohol, and 
separates from glacial acetic acid in very pale yellow clusters of 
micro-crystals, m. p. 212° (Found : Cl, 16-8. C 8 H 8 0 2 N 3 C1 requires 
Cl, 16*6%). The benzoate is best prepared by dissolving the aldehyde 
(0*6 g.) in ether (2 c.c.), adding pyridine (0*1 e.c.), and then a solution 
of benzoyl chloride (0*5 g.) in ether (2 c.c.); after vigorous shaking, 
removal of the ether, and extraction of the product with warm dilute 
hydrochloric acid, the white, waxy residue is washed with water 
and crystallised from alcohol, from which it separatos in long, 
colourless needles, m. p. 98*5° (Found: Cl, 13*5. C 14 H 9 0 3 C1 

requires Cl, 13*6%). 

4z-Chloro-2-methoxybenzaldehijde is obtained in only moderate 
yield by direct methylation. It has a faint sweet odour, is readily 
soluble in the usual organic solvents, and crystallises from alcohol 
in colourless needles, m. p. 74° (Found : Cl, 20*9. C 8 H 7 0 2 C1 requires 
Cl, 20*8%). 

Alternative method of preparation. 4-Nitro-2-methoxytoluene 
(5 g.), dissolved in alcohol (20 c.c.), was added gradually 
to a hot solution of sodium hydroxide (3 g.) and sulphur (2 g.) in 
water (30 c.c.), and the mixture was heated for an hour on the water- 
bath. The alcohol and 2-methoxy-^-toluidine were then removed 
in steam, and the residue (2 g.) of crude 4-amino-2-methoxybenz- 
aldehyde was dissolved in hot dilute sulphuric acid (30%), and 
converted by the Sandmeyer method into 4-chloro-2-methoxy- 
benzaldehyde; after crystallisation from alcohol, this (Found : 
Cl, 20*7%), alone or mixed with the substance described above, 
melted at 74°. 

The oxime crystallises from hot water in long, colourless needles, 
m. p. 132° (Found: Cl, 19*1. C 8 H 8 0 2 NC1 requires Cl, 19*1%). 
The ’p-nitrophenylhydrazone separates from glacial acetic acid in 
bright orange clusters of micro-crystals, m. p. 238° (Found: N, 
13*6. C 14 H 12 0 3 N 3 C1 requires N, 13*7%), and develops with alkali 
a less intense but more violet colour than the unmethylated #- 
nitrophenylhydrazone. The semicarbazone crystallises from glacial 
acetic acid in very pale yellow, almost colourless micro-plates, 
m. p. 228° (Found: Cl, 15*5. C 9 H 10 O 2 N 3 Cl requires Cl, 15*6%). 
4- CMoro-2-mefkoxybenzoic acid, prepared by oxidising the aldehyde 
with aqueous alkaline potassium permanganate, crystallises from 
alcohol in clusters of micro-crystals, m. p. 148° (Found: 
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C 8 H 7 0 3 C1 requires Cl, 19*0%). 4-Chloro-2-hydroxybenzoic acid 
was obtained by boiling the preceding acid with hydriodic acid 
(d 1*7); it was slowly volatile in steam, crystallised from water in 
fine, colourless needles which sublimed with slight decomposition 
at about 209° and melted at 211° (Varnholt, J. pr. Ghem ., 1887, 36, 
27, gives m. p. 207°) (Found: Cl, 20*4. Calc.: Cl, 20*5%), and gave 
a reddish-violet colour with ferric chloride. 

The 2-chloro-4-hydroxybenzaldehyde obtained as described above 
crystallised from mineral or glacial acetic acid in colourless needles, 
m. p. 147—148° (Gattermann, Annalen, 1907, 357, 334, gives m. p. 
146*5°) (Found : Cl, 22*6%). It does not react with ammoniacal 
silver nitrate or Fehling’s solution, and gives only a slight precipitate 
with ferric chloride. The copper and chromium salts are of a lighter 
green colour than those of the 4-chloro-isomeride. The p-nitro- 
phenylhydrazone crystallises from alcohol in dark red plates and from 
glacial acetic acid in vermilion-red clusters of micro-crystals, m. p. 
288° (decomp.) (Found : Cl, 12*1. Ci 3 H 10 O 3 N 3 Cl requires Cl, 12*2%) 
and gives,a bluer red with caustic alkalis than the 4-chloro- 
isomeride. The semicarbazone crystallises from alcohol in 
yellow clusters of micro-crystals, m. p. 214° (Found: Cl, 16*8. 
C^HgOgNgCl requires Cl, 16-6%), the acetate from dilute acetic acid 
in colourless needles, m. p. 51*5° (Found : Cl, 17*8. C 9 H 7 0 3 C1 
requires Cl, 17*9%), and the benzoate from alcohol in colourless 
needles, m. p. 96*5° (Found: Cl, 13*6. C 14 H 9 0 3 C1 requires Cl, 13*6%). 

2-Chloro-4-hydroxybenzaldehyde was also prepared, in almost 
quantitative yield, by treating 2-chloro-4-nitrotoluene with sodium 
hydroxide and sulphur (see above), diazotising the resulting amino- 
compound, and boiling the very stable diazo-compound with 40% 
sulphuric acid for 20 minutes, 

The following derivatives were prepared in the same way as 
the corresponding 4-chloro-isomerides : The p-nitrophenylhydrazone 
separates from dilute acetic acid in orange-red needles, m. p. 249° 
(Found: IT, 13*8. C 14 H 12 0 3 lSr 3 Cl requires NV 13*7%), and gives a 
reddish-violet colour with aqueous-alcoholic alkali. The semi¬ 
carbazone crystallises from alcohol in clusters of colourless micro¬ 
crystals, m. p. 240° (Found: 0,15*7. C 9 H 10 O 2 N 3 Cl requires 
01, 15*6%). 2-ChloroA-hydroxybenzoic acid crystallises from water 
(charcoal) in colourless needles, m. p. 159° (Found: Cl, 20*3. 
C 7 H 6 0 3 C1 requires 01,20*5%), and gives no definite colour with ferric 
chloride* 

The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 

Technical College, Httddebsfield. 


[Received, April 30 th, 1927.] 



CHAPMAN : IMINO-ARYL ETHERS. PART V. 


1743 


CCXXVII .-Imino-aryl Ethers. Part V. The Effect of 
Substitution on the Velocity of Molecular Re¬ 
arrangement. 

By Ar thur William Chapman. 


In Part III (J., 1925, 127, 1992), it was shown that N-phenyl- 
benziminophenyl ether (I) could be completely converted into 
benzoyldiphenylamine (II) on heating. The change, which is 
unimolecular, was found to be best represented in terms of partial 
valencies (compare Robinson, Mem. Mane. Lit. Phil. Soc., 1920, 64, 
No. 4; Mumm, Hesse, and Volquartz, Per., 1915, 48, 379) thus : 


(I.) Phi 


,NPh 

PhCf >Ph 

M) 


/NPh 2 

Ko 


When .translated into the terms of the electronic theory, this 
formulation is ambiguous, since the migrating group may (a) carry 
with it both its shared electrons, (6) leave them behind, or (c) carry 
one and leave the other. 

It seemed desirable to study the effect of replacing the migrating 
phenyl group in A-phenylbenziminophenyl ether by other groups, 
since according to (a) it would be expected that the relative attrac¬ 
tion for electrons and the velocity of migration of different groups 
would follow the same order, but according to (b) the two values 
should be in the opposite order, whilst if (c) were correct the velocity 
of migration of a group should be independent of its attraction for 
electrons. 

A number of iV'-phenylbenzimino-ethcrs, ROCPhINPh (III), 
having different groups (R) attached to the oxygen atom, were 
made and their velocities of rearrangement were compared. A 
special experiment showed that these changes were not appreciably 
reversible. It was found that the groups could be arranged in 
the following order of descending ease of migration : o-nitrophenyl> 
2:4: 6 - trichlorophenyl > p - acetylphenyl > 2 : 4 -dichlorophenyl > o- 
chlorophenyl > m-chlorophenyl >^>-chlorophenyl and a- and p-naph- 
thyls >phenyl aim o-anisyl > m-anisyl > 'p-anisyl > methyl. 

The velocities of migration of these groups are in the same order 
as the dissociation constants of the corresponding carboxylic acids 
and phenols (R*C0 2 H and R*0H) and it must therefore be con¬ 
cluded that the mechanism of the isomeric change is represented 
by (a). Sterie effects were evidently negligible, since the o-substi- 
tuted compounds underwent rearrangement more rapidly than th|^ 
corresponding m- and ^-compounds. 

Confirmatory evidence was then sought from the effect, ^gj | | | f| 
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velocity of migration of a standard (phenyl) group, of variation of 
the groups attached to the nitrogen and carbon atoms. A number 
of iV'-substituted benziminophenyl ethers (IV) and A-phenylaryl- 
iminophenyl ethers (V) were accordingly prepared. 

(IV.) PhOCPlnNR PhO-CRINPh (V.) 

The greater the attraction of the group R for electrons in either 
(IV) or (V), the less readily will the oxygen atom release the electrons 
which bind it to the phenyl group, and hence, according to mechan¬ 
ism (a), the lower will be the velocity of rearrangement of the 
imino-ether. 

This was indeed found to be the case, the ease of migration of 
the phenyl group being in the following order: for various groups 
attached to the nitrogen atom (type IV) p-anisyl> phenyl >_ 2 >chloro- 
phenyl and a-naphthyl>m- and o-chlorophenyl and 2 :4-dichloro- 
phenyl>2 : 4 : 6-trichlorophenyl, and for various groups attached to 
the carbon atom (type V) ^-anisyl> phenyl >p- and o-chlorophenyl > 
^-nitrophenyl and 2:4: 6-trichlorophenyl. 

The isomeric change to a substituted amide which occurs when 
an imino-ether is heated at a sufficiently high temperature, 

RO(or RS)-CR':NR" 0(or S):CR'-NRR", 

has now been studied in some detail (compare Part III, loc. cit .; 
Part IV, J., 1926, 2296). The rearrangement has been shown to be 
intramolecular and does not require any detectable amount of a 
catalyst. The behaviour of the imino-thioethers showed that, as 
might be expected, the change is reversible, but in the oxygen 
ethers equilibrium occurs so far over to the amide side that the 
reversibility is not appreciable. 

The velocity of isomeric change varies greatly with the nature 
of the migrating group and of the groups attached to the carbon 
and nitrogen atoms. The greater the attraction of the migrating 
group for electrons (i.e., the more “ negative ” it is) the greater the 
velocity of change, whilst negative groups attached to the carbon 
and nitrogen atoms retard the rearrangement. 

These facts are readily explicable on the assumption that the 
migrating group carries over to the nitrogen atom the two covalency 
electrons by which it is bound to the oxygen atom, and the isomeric 
change can be expressed in symbolic form thus : 

XX XX 

\NJR" X X NJR" 

R /*rt X T> r*fi x °T> 

•O O O iw m\J X c jn 

° 0 0° 0 R ° 0 Oo 

oo o o 
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(where X represents an electron originally belonging to the nitrogen 
octet, and o one belonging to the oxygen octet). 

The iminoether-amide rearrangement is a typical triad change, 
and it seems highly probable that the mechanism of a number of 
other such changes will be found to be explicable in similar terms. 

Experimental. 

The new imino-ethers required were prepared from the corre¬ 
sponding anilideiminochlorides and phenols by the method used for 
preparing A T -phenylbenzimmo-m-hydroxyphenyl ether (J., 1922, 
121 , 1679). Unless otherwise stated, they were crystallised from 
alcohol, in which they were readily soluble when hot, but only 
sparingly soluble in the cold. 

They were converted into the corresponding amides by heating at 
280—310°, the products being purified by crystallisation from 
alcohol. Where possible, the amides thus obtained were compared 
directly with specimens prepared by other methods. The identity 
of two samples of a compound obtained from different sources was 
always confirmed by the method of mixed melting points. 

N-Phenylbenzimino-m-chlorophenyl ether crystallised in colourless 
needles, m. p. 71° (Found : N, 4-6. C 19 H 14 0NC1 requires N, 4-55%). 
On heating, it was converted into benzoyl-m-chlorodiphenylamine 
(m. p. 101—102°; identical with an authentic specimen). 

N-P henylbenzimino-2 :4 -dichlorophenyl ether , pale yellow, slender 
prisms, m. p. 73—74° (Found: N, 4-2. C 19 H 13 ONCL requires 
N, 4*1%). 

N-P henylbenzimino-2 : 4 : 6-irichlorophenyl ether , colourless plates, 
m. p. 80-81° (Found ; N, 3*95. C 19 H 12 0NC1 3 requires N, 3*7%). 

N-Phenylbenzimino-o-anisyl ether , colourless, slender prisms, 
m. p. 113° (Found *. N, 4*7. C^H 17 OJSI-requires N, 4-6%). 

N-P henylbenzimino~m~anisyl ether was obtained as a viscous oil 
which did not crystallise even after standing for 18 months (Found: 
N, 4*45%). The product of heating this imino-ether was also not 
obtained in crystalline form. 

N -Phenylbenzimino-p-anisyl ether, colourless plates, m, p, 79—80° 
(Found: N, 4*8%). 

^-Phenylhenzimino-p-nitrophenyl ether , pale yellow plates, m* p. 
76—77° (Found; N, 8-9. C 19 H 14 0 3 N 2 requires N, 8*8%). All 
attempts to cause this imino-ether to undergo isomeric change were 
unsuccessful. Decomposition with formation of tar occurred even 
at 150°. . 

N- Pkenylbenzimim-et-mphthyl ether crystallised from light 
eum in crusts, m. p. 89° (Pound: N, 4-6. 
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1ST, 4*3%). On heating, it gave benzoylphenyl-a-naphthylamine 
(m. p. 152° ; identical with an authentic specimen). 

TS-Phenylbenzimino- fi-naphthyl ether crystallised in thin leaflets 
from alcohol, in which it was only sparingly soluble at the boiling 
point; in. p. 127—128° (Found : N, 4*5%). It was hydrolysed by 
50% sulphuric acid to p-naphthyl benzoate (m. p. 106—106*5°) and 
on heating gave benzoylphenyl-p-naphthylamine (m. p. 147°; 
identical with an authentic specimen). 

N-Phenylbenzimino-p-acetylplienyl ether , m. p. 94—95° (Found: 
1ST, 4*6. C 21 H 17 0 2 N requires N, 4*45%). 

JSS-Plmiybenzimirio-o-acetylphenyl ether , m. p. 92—93° (Found: 
N, 4-6%). Instead of yielding benzoyl-o-acetyldiphenylamine when 
heated, it was converted into a basic compound, which crystallised 
from alcohol in thin leaves, m. p. 268°. The change was practically 
complete in 90 minutes at 267° (Found : G, 85*1; H, 5*1; N, 4*8; 

M, by East’s micro-method, 285. C 21 H 17 02 $F requires C, 80*0; 
H, 5*4; N, 4*45%; M, 315. C 21 H 15 ON requires C, 84*8; H, 5*1; 

N, 4*7%; M, 297). The loss of a molecule of water had evidently 
occurred and 1: 2-diphenylA-qumolone (VI) was formed thus, 



the second stage being analogous to the formation of 4-hydroxy- 
2-phenylquinoline from benzoyl-o-aminoacetophenone (Camps, Arch. 
Pharm ,, 1901, 239, 597). 

l#-o-G%bropJienylbe7izimi7iophenyl ether , prepared from benz- o- 
chbrmnUiieimiriochloride (b. p. 204°/10 mm.) and phenol, crystal¬ 
lised in slender prisms, m. p. 65—66° (Found: N, 4*4. C 19 H 14 0NC1 
requires N, 4*55%). On heating, it was converted into benzoyl- 
o-chlorodiphenylamine (m. p. 95°; identical with an authentic 
specimen). 

H-m -Chkn’ophenylbenziminophenyl ether , prepared from benz-m- 
cldoroamlideimii^ocMoride (b. p. 211—213°/14 mm.), crystallised in 
rosettes of pale yellow, stout prisms, m. p. 66° (Found: N, 4*5%). 
It gave benzoyl-m-chlorodiphenylamine on heating (m. p. 100—101°; 
identical with an authentic specimen). 

^-p-GhlorophenylbenzimiTwplienyl ether, prepared from benz-p- 
<M&tmn$ideim\^^ (b. p. 220—224°/20 mm.), formed stout 
prisms, m. p. 110° (Found : N, 4*4%). It yielded benzoyl-p-chloro- 
diphenylamine on heating (m. p. 110°; identical with an authentic 
specimen). 
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N-2 : 4,-Dichlorophenylbenziminophenyl ether, stout prisms, m. p, 
57—58° (Found: N, 4*0. C 19 H 13 0NC1 2 requires N, 4*1%). In 
this and several subsequent preparations the iminochloride was not 
distilled, but, after treatment of the anilide with phosphorus penta- 
chloride and removal of the phosphorus oxychloride under reduced 
pressure on the water-bath, the residue was dissolved in dry ether 
and added directly to an alcoholic solution of sodium phenoxide. 

N-2 : 4 : 6-Trichlorophenylbenziminophenyl ether , stout prisms, 
m. p. 88*5° (Found : N, 3*8. C 19 H 12 0NC1 3 requires N, 3*7%). 

N-2 : 4 : 6-Trichlorophenylbenzimino-2 : 4 : §-trichlorophenyl ether , 
colourless needles, m. p. 141°, sparingly soluble in boiling alcohol 
(Found: N, 3*0. C 19 H 9 0NC1 6 requires N, 2*9%). Heated at 
250—260° for 2 hours, it was mostly recovered unchanged, but at 
280—300° benzoyl-2 : 4 : 6 : 2': 4': Q'-hexachlorodiphenylamine (m. p. 
194—195°. Found : N, 3*0%) was produced. The isomerisation 
of this im ino-ether was therefore much slower than that of the 
corresponding jV-phenylbenzimino-2 : 4 : 6-trichlorophenyl ether. 

N-p -Anisylbenziminophenyl ether, prepared from benz-p-anmd- 
ideiminochloride (yellow flakes, m. p. 55°, b. p. 269—273°/162— 
180 mm. with some decomposition), formed yellow crystals, m. p. 100° 
(Found: N, 4*6. requires N, 4*6%). 

N-o -Nitrophenylbenziminophenyl ether, stout prisms, m. p, 67—68° 
(Found: N, 9*0. C 19 H 14 0 3 N 2 requires N, 8*8%). Several 

unsuccessful attempts to cause rearrangement of this imino-ether 
were made. At 200—220°, it remained unchanged and above that 
temperature decomposed, giving much tar. 

N-a -NaphthyWenziminophenyl ether formed a very viscous oil 
which would not crystallise (Found : N, 4*1. CyH-^ON requires 
N, 4*3%). On heating, it underwent isomeric change into benzoyl- 
phenyl-a-naphthylamine (m. p. 148—150°; identical with an 
authentic specimen). 

N-Methylbenziminophenyl ether was prepared by Hantzsch’s 
method {,Ber ., 1893, 26, 926) from benzmethylamideiminochloride 
and solid sodium phenoxide. It was obtained as colourless crystals, 
m. p. 30—31° (Found: N, 6*5. C 14 H 13 ON requires N, 6*6%). 
On hydrolysis with 50% sulphuric acid, phenyl benzoate (m. p. 
69—70°; not depressing the m. p. of an authentic specimen) was 
obtained. This imino-ether also decomposed without undergoing 
isomeric change. 

’N-Phenyl-o-chlorobenziminophenyl ether, prepared from o-chloro- 
benzaniUdeiminochloride (yellow prisms, m. p. 59°, b. p. 235°/60 
mm.), formed colourless plates, m. p. 100° 

Ci 9 Hi 4 ONC1 requires N, *4*55%). 

N-Phenyl-p-chlorobenziminophenyl ether, from 


(Found: N, 
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iminochloride (b. p. 219°/17 mm.), formed pale yellow crusts, m. p. 
64—65° (Found : N, 4-3%). 

TSl-PKenyl -2 : 4 : §4richlorobenziminophenyl ether, colourless prisms, 
m. p. 94—95° (Found : 1ST, 3*5. C 19 H 12 ONCl 3 requires N, 3-7%). 

IS-Pheiiyl-p-methozybenziminophenyl ether , m. p. 86—87° (Found : 
N, 4*4. C^H^CyST requires N, 4*8%). This compound appeared 
to be dimorphous. On crystallisation from alcohol, long needles first 
appeared. These gradually dissolved and were replaced by stout 
prisms. No difference in the m. p.’s of the two forms was observed. 

IS-Phenyl-o-nitrobenziminophenyl ether , thin leaves, m. p. 141— 
142° (Found : N, 9*0. C lg H 14 0 3 iT2 requires N, 8*8%). Heated for 
2 hours at 230—240°, the material remained practically unchanged. 
Above this temperature it decomposed, yielding a coke-like residue. 

IS-Phenyl-p-niirobenziminoplieiiyl ether, long, yellow prisms, m. p. 
102—102*5° (Found : N, 8*55%). 

Benzoyl-2 : 4:-dichlorodiphenylamine, obtained by heating either 
N -phenylbenzimino-2 : 4-dichlorophenyl ether or N-2 : 4-dichloro- 
phenylbenziminophenyl ether, formed crusts, m. p. 109° (Found: 
N, 4*2. C 19 H 13 0NC1 2 requires N, 4*1%). 

Benzoyl-2 :4 : 6-trichlorodiphenylamine was prepared from N- 
phenylbenzimino-2 : 4 : 6-trichlorophenyl ether and N-2 : 4 : 6-tri- 
chlorophenylbenzim inophenyl ether and obtained in long prisms, 
m. p. 149° (Found : N, 3*75. C 19 H 12 0NC1 3 requires N, 3*7%). 

Benzoyl-o-methoxydiphenylamine, prepared from A-phenylbenz- 
imino-o-anisyl ether, formed hard crusts, m. p. 117° (Found:' N, 
4*7. C^H^fyN" requires 1ST, 4*6%). 

Benzoyl-p-methoxydiphenylamine, obtained from either A-phenyl- 
benzimino-jp-anisyl ether or N -_p-anisylbenziminophenyl ether, 
formed slender prisms, m. p. 121° (Found : N, 4*8%). 

Contrary to the statement of Mumm, Hesse, and Volquartz (loc. 
ciL ), N -phenylbenzimino-o-nitrophenyl ether underwent isomeric 
change at 165°. The dark oil obtained by heating this imino-ether 
(10 g.) for 1 hour at 165° was covered with ether; benzoyl-o-niiro- 
diphenylamine (4 g.) slowly crystallised in yellowish leaves, m. p. 
134° (unchanged by recrystallisation from alcohol) (Found : N, 8*8. 
C 19 Hi 4 0 3 N 2 requires N, 8*8%). 

Benzoyl-p-acetyldiphenylami7ie, prepared from A-phenylbenzimino- 
p-acetylphenyl ether, formed leaves, m. p. 136—137*5° (Found : 
N, 4*4. CgiHj^gN requires N, 4-45%). 

Each of the following five amides was prepared by heating the 
corresponding imino-ether, and also from diphenylamine and the 
appropriate acid chloride. 

o-Chlorobenzoyldipkenylamine, large prisms, m. p. 142—143° 
(Found : N, 48. C 19 H 14 0NC1 requires N, 455%). 
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p- ChlorobenzoyMiplienylamhie , fine leaves, m. p. 138—138*5° 
(Found : N, 4*3%), 

2:4: 6 -Trichlorobeiizoijldiphenylamme, flat prisms, m. p. 118— 
119° (Found : Iff, 3*6. C 19 H 12 0NC1 3 requires Iff, 3*7%). 

p -Methoxybenzoyldiphenylami?ie 9 prisms, m. p. 139—140° (Found : 
N, 4*3. C^H 37 OJSr requires N, 4*6%). 

p-Nitrobenzoyldiphenylamine, yellow prisms, m. p. 156—157° 
(Found : N, 9*05. requires N, 8*8%). 

2:4: §-TricMorobenzanilide> prepared from 2:4:6-trichloro- 
benzoyl chloride and aniline, formed long needles, m. p. 197° (Found : 
Iff, 4*4. C 13 H 8 OIffCl 3 requires N, 4*7%). 

Comparison of the Rates of Change of the Imino-ethers .—The 
comparison was made by measuring the amount of change which 
took place when each compound was heated for a given time at a 
definite temperature. Test-tubes, each containing 2 g. of an 
imino-ether, were immersed together for the standard time (90 
minutes) in a thermostat, strictly comparable results thus being 
obtained even if slight fluctuations occurred in the temperature. 

As many of the mixtures thus obtained exhibited great reluctance 
to crystallise from the fused material, analysis by melting- or 
freezing-point methods was excluded, and therefore the following 
chemical method was adopted. 

About 0*5 g. of the mixture was weighed into a stoppered flask 
and dissolved in dry ether, 25 c.c. of an approximately iV/5-solution 
of sulphuric acid in dry ether were added, and the mixture was 
kept for 3 hours to permit complete separation of the imino-ether 
sulphate as crystals or as an oil. The liquid was then filtered into 
a separating funnel containing water, the residue and the filter wore 
washed with a little dry ether, and the contents of the funnel were 
shaken and titrated with N /5-sodium hydroxide and phenolphthalein. 
The difference between this titration and a blank, in which 25 c.c. 
of the standard acid were used, corresponded with the amount of 
imino-ether in the weighed material. The estimation was carried 
out in duplicate. 

Control experiments showed that this process gave results agree¬ 
ing to within a few units % with the calculated figure, the imino- 
ether sulphate being assumed to have the formula B0*CEINR,H 2 S0 4 . 
The error appeared to be constant for each imino-ether and the 
results in the tables below have been corrected accordingly—the 
corrections do not affect the arrangement of the imino-ethers in 
order of ease of isomeric change. 

The imino-ethers containing the 2:4: G-trichlorophenyl group 
and A-phenylbenzimino-o-nitrophenyl ether did not give insoluble., 
sulphates by this method, and the products obtained 
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were examined separately. In the case of JV-phenylbenzimino- 
2:4: 6-trichlorophenyl ether, the melting points of the heated 
samples were compared with those of known mixtures of the imino- 
ether and benzoyl-2 : 4 : 6-trichlorodiphenylamine. The products 
from the N- and (7-trichlorophenyl compounds were crystallised 
from alcohol, and the unchanged compounds weighed. JV-Phenyl- 
benzimino-o-nitrophenyl ether underwent rearrangement at so low 
a temperature as to leave no doubt as to its position in the series. 

The change of iV'-phenylbenziminomethyl ether was studied 
separately by Lander’s method (J., 1903, 83, 406): 10 g., heated 
in a sealed tube at 300—330° for 2 hours, gave 2*5 g. of benzoyl- 
methylaniline (m. p. after recrystallisation 57°; did not depress the 
m. p. of an authentic specimen). 

The results obtained were as follows : 

O-Substituted ethers , R0*CPh!NPh. 

Percentage changed in 90 mins, at 
162— 200— 219— 242— 260— 300— 


Group (R) on O atom. 

163°. 

201°. 

220°. 

243°. 

255°. 

267°. 

o-Nitrophenyl . 

. >40 






2:4: 6-Trichlorophenyl .. 

0 

87 

>91 




p-Acetylphenyl . 


39 

76 

92 



2 : 4-Dichlorophenyl ... 


28 

60 

93 



o -Chloropheny 1 . 


16 

27 

77 

91 


w-Chlorophenyl . 




63 

84 


p -Chloropheny 1 .. 

a-Naphthyl .. 




46 

62 

62 

80 

^-Naphthyl .... 





61 

82 

Pbenyl .. 




25 

45 

71 

o-Anisyl . 





47 

74 

m-Anisyl . 





43 

55 

n-Anisyl .. 

Methyl ..... 





25 

44 


^Substituted ethers, PhOCPhINR. 


25 


Group (R) on 

% Change in 
90 mins, at 

Group (R) on 

% Change in 
90 mins, at 

Isf atom. 

267°. 

270°. ‘ 

N atom. 

267°. 

270°. 

2:4: 6-Triehlorophenyl 

<17 . — 

p - Chloropheny 1 
a-Kaphthyl.. 

. 56 

61 

2 : 4-Dichlorophenyl ... 

31 

36 

. 61 

63 

o-Chloro'phenyl ............ 

37 

39 

Phenyl . 

. 69 

75 

m-Chlorophenyl ... 

47 

49 

p-Anisyl .. 

. 80 

85 


C-i Substituted ethers, PhOCIP.NPli. 



% Change in 


% Change in 

Group (R) on 

90 mins, at 

Group (R) on 

90 mins, at 

C atom. 

267°. 

270°. 

C atom. 

267°. 

270°. 

p-Nitrophenvl ... 

49 

49 

p-Chlorophenyl ... 

. 61 

62 

2 : 4:6-Trichlorophenyl 

<50 

<55 

Phenyl .. 

, 69 

75 

o-Chlorophenyl ... 

63 

63 

p-Anisyl. 

. S5 

84 


Benzoyl-2 :4: 6-trichlorodiphenylamine and benzoyl-p-methoxy- 
diphenyla min e were unchanged after heating for 1 hour at 240—250° 
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and 250—270°, respectively, showing that the isomeric changes into 
these compounds were not appreciably reversible. 

Part of the cost of this research has been defrayed by a grant 
from the Research Fund of the Chemical Society, to whom the 
author desires to express his thanks. 

The University, Sheffield. [J Received , May Zrd , 1927.] 


CCXXVHL —The Action of Diazonhim Sails on Pyrones 
and their Parent Substances. Part I. 


By Reginald Thomas Mijllen and William Haughton Crowe. 

In connexion with the unsettled question of the constitution of 
mixed aliphatic aromatic azo-compounds, evidence in favour of 
the azo-structure has now been obtained, since ethyl acetonedi- 
oxalate (I), on treatment with benzenediazonium chloride in presence 
of sodi um acetate, yields a mixture of ethyl dibenzeneazoctcetone- 
dioxalate (II) and ethyl dibenzeneazochelidonate (III). The former, 
on boiling with alcohol, loses water, ethyl dibenzeneazochelidonate 
being formed, with an ease that suggests the azo-structure. 


C0 2 Et*C0*CH(N 2 Ph)‘C0*CH(N 2 Ph)*C0‘C0 2 Ft (II.) 


0 

>(A- 

NPhlN-C 

ltn -' ^ 


EtOoC-L 
z . u 




n C0 2 Et 
C-NINPh 


X A 

OH HO 

EtOaC-ff^ ^b-GOaEt 
HC CH 

\ / (I.) 

CO 


PhN a 0i 

NaAc 


HO a C 

HC 
(IV.) 


0 

! /V< 

LC CH 


CO a H 


I 

0 0 

ggg* PhNa-^b-NaPh or Hjf^3H 
NaAo HC CH PhN 2 *C C-N.Ph 

Y (V ° ^ (VL) 

Chelidonic acid (IV) reacts with benzenediazonium chloride to 
give an azopyrone (V or VI), formula (V) being the more probable 
because this substance could not be obtained by hydrolysis of the 
ester (III). The azopyrone was also formed to some extent < 
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the reaction between benzenediazonium chloride and ethyl acetone- 
dioxalate. The replacement of carboxyl by azo-groups has been 
observed in other cases (compare Japp and Klingeman, J,, 1888, 
53, 519; Bamberger, Ber., 1892, 25, 3547)* 

In the presence of sodium acetate, benzenediazonium chloride 
reacts with 2:6-dimethylpyrone and with diacetylacetone to give 
3-benzeneazo-2 : fy-dimethylpyrone and 3 : 5-dibenzeneazo-2 : Q-di- 
methylpyrone , respectively. 

Experimental. 

Ethyl Dibenzeneazoacetonedioxalate (II).—Ethyl acetonedioxalate 
(prepared by Claisen’s method, Ber., 1891, 24, 111, which gives a 
better yield than Willstatter’s, Ber. } 1904, 37, 3734) (7*8 g.) was 
added to an aqueous solution of benzenediazonium chloride (from 
aniline, 5 g., and hydrochloric acid, 13 c.c.). Addition of alcohol 
(59 c.c.) and much sodium acetate produced a heavy, red precipitate, 
which was filtered off and thoroughly washed by grinding with water; 
the aqueous-alcoholic filtrate slowly deposited a chocolate-coloured 
substance. The red product was crystallised from 80% alcohol 
and then from benzene-light petroleum (40% benzene), large, dark 
red prisms, m. p. 130°, soluble in organic solvents, being obtained 
(Found: C, 59*2; N, 12*0. C23H 22 0 7 N 2 requiresC, 59*2; N, 12*0%). 

Ethyl Bibenzeneazochelidonate (HI).—-When the red precipitate 
formed by diluting the alcoholic filtrate from the crystallisation of 
the foregoing substance with water was crystallised from benzene- 
light petroleum, red needles were obtained, m. p. 117°, of a substance 
which was identical with that formed when ethyl dibenzeneazo¬ 
acetonedioxalate was boiled with alcohol and the product crystallised 
(Found : C, 61*4; H, 4*5; N, 12*5. G^H^Og^ requires C, 61*6; 
H, 4*5; N, 12*5%). It was readily soluble in organic solvents. 

2 : 6-Dibenzeneazopyrone .—The chocolate-brown substance men¬ 
tioned above crystallised from alcohol in chocolate-brown prisms, 
m. p. 131°, which were soluble in the common organic solvents 
(Found : N, 18*4. requires N, 18*4%). 

Action of Benzenediazonium Chloride on Chelidonic Acid .— 
Ohelidonie acid (3 g.), obtained by repeatedly evaporating ethyl 
acetonedioxalate with concentrated hydrochloric acid (Claisen, loc. 
cit), was added to a solution of benzenediazonium chloride (aniline, 
5 g.; hydrochloric acid, 13 c.c.; water, 30 c.c.: sodium nitrite, 
5 g.; water, 15 c.c.). The brown precipitate obtained on addition 
of an excess of sodium acetate crystallised from alcohol in chocolate- 
brown prisms, m. p. 131° (Found: C, 67*1; H, 3*6; IT, 18*4%). 
A mixed-melting point proved this substance to be 2 : 6-dibenzene- 
azopyrone (above). 



METALLIC HYDROXY-ACID COMPLEXES. PART IV. 


1753 


S-Benzeneazo-2 : 6-dimethylpyrone. —A solution of benzenediazon- 
ium chloride at 0° (aniline, 13 g.; hydrochloric acid, 26 c.c.; water, 
60 c.c.: sodi um nitrite, 13 g.; water, 30 c.c.) was treated with 
dimethyl pyrone (6 g.) and then with sodium acetate. After 2 
days, the tarry product was filtered off and extracted several times 
with light petroleum-benzene (90% light petroleum); the pyrone 
obtained from the extract crystallised from light petroleum-benzene 
in yellow leaflets, m. p. 92° (Found : N, 12*5. C 13 H 12 0 2 N 2 requires 
N, 12*3%). 

3 : 5-Dibenzeneazo-2 : 6-dimethylpyrone. —To a solution of benzene- 
diazonium chloride (aniline, 4-3 g.; hydrochloric acid, 9 c.c.; water, 
20 c.c.: sodium nitrite, 4*3 g., in water, 10 c.c., was added until a 
blue colour was obtained on starch-iodide paper), diacetylacetone 
(2*5 g., prepared by boiling dimethylpyrone with baryta, acidifying 
the solution, and extracting it with ether; Annalen, 1890, 251, 256) 
was added, followed by sodium acetate. The solution became 
yellow and then a light red substance was slowly precipitated. 
After 12 hours, this was filtered off, washed with cold water, and 
crystallised from benzene, from which it separated in light red 
needles, m. p. 150° (Found : N, 16*8. C 19 H 16 0 2 N 4 requires N, 16-9%). 
It was soluble in organic solvents, but insoluble in water. 

The authors wish to express their indebtedness to Professor J. N. 
Collie, F.R.S., and Professor A. W. Stewart for their interest in 
this research. 

The Donald Currie Laboratories, 

The Queen’s University op Belfast. 

[Received, May 1th, 1927.) 


CCXXIX .—Metallic Hydroxy-acid Complexes . Part 
IF. Complexes formed by Copjwr with the Mono¬ 
basic Monohydroxy-acids . 

By 1am William Ware. 

The author has suggested (J,, 1923, 123, 1816) that the stability of 
the metallic derivatives of a hydroxy-acid may be expected to 
increase with the acidity of the hydroxylic hydrogen. Thus, 
although the derivatives of lactic acid (loo. cit .) and of glycollic acid 
(Pickering, J., 1911, 99, 1347) are easily hydrolysed, it was anticip¬ 
ated that the increased acidity of the hydroxyl group in mandelic 
and salicylic acids would lead to the formation of more stable 
complexes. These conclusions have now been verified expec% 
mentally. . ' • .'i.', v>'«# 
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ware : 


It has previously been shown that the composition of sodium 
cuprilaetate is most probably Na 2 [(* 0 , CBMe*C 0 2 , ) 2 ^ u ]* In. order 
to ascertain whether this compound is representative of a general 
series formed by the simpler hydroxy-acids, some work with the 
complexes formed by glycollic, mandelic, and salicylic * acids has 
been undertaken, and has established the fact that sodium cupri- 
lactate is a definitely representative compound. 

After a satisfactory general method of attack had been devised, 
it seemed desirable to ascertain whether the dihydroxy-phenols and 
the amino-acids would yield to a similar treatment. Accordingly, 
the copper derivatives of pyrocatechol and glycine were treated in 
alcoholic solution with sodium methoxide. Although blue complexes 
were formed in each case, no stable derivative could be isolated; 
and the complexes readily decomposed with the precipitation of 
cuprous or cupric oxide. Cupric phenylglycine is practically 
insoluble in a solution of sodium methoxide. 

The constitution of the complexes will be discussed in a subsequent 
communication. 

Experimental. 

A. Preparations in Aqueous Solution. 

Cuprimandelates. —Cupric a’-mandelate (Winkler, Annalen , 1836, 
18 , 320), which is anhydrous when dried at 100°, was obtained as a 
pale blue, sparingly soluble monohydrate by mixing solutions of 
sodium mandelate and cupric chloride [Found: Cu, 16*3; H 2 0, 
5*2. Cu(C 8 H 7 0 3 ) 2 ,H 2 0 requires Cu, 16*6; H 2 C, 4*7%]. 

Action of alkali on cupric mandelate . Since cupric mandelate is 
not wetted by water, it was necessary to wet it with alcohol in order 
to effect solution in alkali. Two equivs. of caustic soda (N/2) 
dissolve 1 mol. of the mandelate, presumably according to 
the equation 2NaOH + Cu(C 8 H 7 0 3 ) 2 = 2H 2 0 -f Na 2 [Cu(C s H 6 0 3 ) 2 ]. 
This solution deposits cupric hydroxide on standing. It may be 
stabilised by the addition of excess of sodium mandelate [compare 
cupric lactate (loc. cit., where the reasons for this stabilising effect 
have been discussed)]. 

After the addition of slightly less than two equivs. of caustic soda, 
the solution becomes alkaline to phenolphthalein, but provided that 

* The aromatic j9-hydxoxy-aeids of the salicylic acid type resemble the 
aliphatic a-hydroxy-aeids with respect to complex formation (Weith, Ber.^ 
1876, 9, 342; Pickering, J„ 1912, 101, 174; Beilstein, 3rd Edn., II, 1492; 
Piiia, Ann. Ckem. Phorm 1855,17, 262), Piria states that cupric salicylate 
readily gives moderately stable derivatives, K g [Cu(C 7 H 4 0 3 ) 2 ],4H 2 0 and 
Ba[Ou(C ? H 4 O s ) t ],4H g O, resembling the above cuprilaetate, but he gives no 
experimental detail or analytical figures in support of this contention. 
KaMenberg (Z. physikal. Chem., 1895,17, 577) has found that, in the presence 
of sulphate ions, the concentration of the copper ions in a solution containing 
the complex euprisalicylate is of a low order of magnitude. 
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a sufficient excess of the sodium mandelate is present, further 
addition of caustic soda does not precipitate cupric hydroxide, even 
in boiling solution. Such an alkaline solution, however, readily 
oxidises glucose. 

Salta of Cuprimandelic Acid. —I. Sodium cuprimanddate , 
Na 2 [Cu(C 8 H 6 0 3 ) 2 ]. ^ 

The chemistry of this compound is discussed in Section B. 

TT Sodium hydrogen cuprimandelatet NaH[Cu(C 8 H 6 0 3 ) 2 ]. A con¬ 
centrated solution of 1 mol. of cupric mandelate in 2 mols, of caustic 
soda, which has been stabilised by the addition of sodium mandelate, 
deposits slowly on standing a copious crop of fine, pale blue crystals. 
These are but slightly soluble in water. Analysis showed them to 
contain so dium and copper in the proportion 1:1, whereas the 
synthetic proportion was 2 :1 {Found : Na, 5*2; Cu, 13*4; H 2 0, 
15*6. NaH[Cu(C 8 H 6 0 3 ) 2 ] } 4BL 2 0 requires Na, 5*0; Cu, 13*8; H 2 0, 
15*7%}. Evidently as. the compound separates some alkali is 
liberated; if the solution is exposed to the air, carbon dioxide is 
absorbed and crystals of sodium carbonate begin to form. This 
compound is regarded as an acid salt, for 1 mol. of caustic soda 
dissolves it according to the equation NaH[Cu(C 8 H 6 0 3 ) 2 ] + !NaOH= 
Na^CutCgHgOgy + H 2 0, but again, on evaporation, the pale blue 
acid salt crystallises out. Cuprimandelic acid must be considered a 
fairly weak acid if carbonic acid is able to extract some of the alkali 
from its normal salt in this way, even when allowance is made for 
the fact that the acid salt is rather sparingly soluble. 

m. Silver cuprimanddate . A neutral solution of sodium cupri- 
mandelate, prepared by treating an excess of cupric mandelate * 
with caustic soda solution, is rapidly filtered into a solution of the 


calculated quantity of silver nitrate; a pale blue precipitate of 
silver cuprimanddate is formed immediately : Na 2 [Cu(C 8 H 6 0 3 ) 2 ] + 
2AgN0 3 = 2NaN0 3 + Ag 2 [Cu(0 8 H 6 0 3 ) 2 ]. The salt is quite stable 
on boiling, but darkens after exposure to light for several months 
{Found : Ag, 36*8; Cu, 11*4, Ag 2 [Cu(C 8 H e 0 3 ) 2 ] requires Ag, 37*3; 
Cu, 11*0%}. (The author is indebted to Mr. W, J. Lawrence for this 
analysis and that of the following mercurous salt.) 

IV. Mercurous cuprimandelate may be prepared in a like manner 
to the silver salt, which it resembles in appearance {Found ; Hg, 
47-4; Cu, 7-2. Hg 2 [Cu(C 8 H 6 0 3 ) 2 ],5H20 requires Hg, 46*9; Cu, 
7*4%}. On prolonged heating, the mercury volatilises with the 
water of crystallisation, leaving pure cupric mandelate. 


V. Ferric cuprimanddate also may be prepared by double decom¬ 
position. If excess of ferric chloride be present, a yellovv or .red 
solution is formed. With calculated quantities of the reagents*:^ 

* It is advisable to use only small quantities of the oapgto 
■ work rapidly, for the solution of sodium cuprimandelate 
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wa k e: 


yellowish-brown, crystalline precipitate forms on boiling {Found : 
Fe, 7*5; Cu, 12*7 ; H 2 0, 16*8. Fe 2 [Ghi(C 8 H 6 0 3 ) 2 ] 3 ,14H 2 0 requires 
Fe, 7-7; Cu, 13*1; H 2 0, 17*3%}. 

VI. Cupric cuprirmndelate was prepared as a pale blue, crystall¬ 
ine powder by double decomposition {Found : Cu, 29*3. 

Cu[Cu(C 8 H e 0 3 ) 2 ] 

requires Cu, 29*6%}. There was no loss in weight on heating to 130°. 

B. Preparations in N on-aqueous Solvents . 

The main difficulties encountered in the present work arise from 
the ease with which the complexes are hydrolysed. Hence it was 
decided to use cupric salicylate, which is soluble in alcohol, acetone, 
and even chloroform, and exclude all traces of water. Later, it was 
found possible to deal in a similar manner with the mandelate, 
glycollate, and lactate, although they themselves are practically 
insoluble in these solvents. 

I. Sodium Cuprisalicylate .—As a starting point, normal cupric 
salicylate is readily obtained by the method outlined by Pickering 
(loc. cit.). Piria (loc. cit.) has reported that this compound easily 
breaks down into free salicylic acid and the basic salicylate. Indeed, 
on prolonged heating at 110°, some of the acid volatilises, leaving 
dark brown patches of the basic salt, which should be regarded as 
the cupric salt of cuprisaiicylic acid, Cu[Cu(C 7 H 4 Q 3 ) 2 ]. Normal 
cupric salicylate crystallises both from alcohol and from acetone with 
solvent of crystallisation. Solutions in both solvents readily 
deposit dull green crystals of the basic salt. To a solution of cupric 
salicylate in ethyl alcohol was added an alcoholic solution of sodium 
ethoxide, such that the proportion was approximately 2Na: Cu. 
A pale green crystalline precipitate formed immediately and was 
collected, washed, and dried over concentrated sulphuric acid in 
a vacuum desiccator. It is soluble in water but rapidly under¬ 
goes hydrolysis to cupric hydroxide {Found : Cu, 16*3; Na, 12*3. 
NajCu^H^O^J requires Cu, 16*6; Na, 12*1%}. 

EE. Sodium CupnmaridekUe.- —It was pointed out in Section A 
that disodium cuprimandelate cannot be isolated readily from its 
aqueous solution. It can, however, be obtained by dissolution of 1 
mol. of anhydrous cupric mandelate in an alcoholic solution of 2 
mols. of sodium ethoxide; 

^ ^ + 2EtOH. 

This solution was rapidly filtered while hot, and on standing over- ^ 
crystals separated {Found: Na, 9*2; Cu, 12*7. 

r^iires Na, 9*2; Cu, 12*7%}. Tfee 
^ was 17*8% (Calc, for 2C 2 H g *0H, 

18*3%); at 100° the compound gradually decomposed giving the 
odour of benzaklehyde. 
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TTT . Sodium Cupriglycollate. —Cupric glycollate, the starting 
point, has been described by Pickering (J., 1911, 99, 1347), Fahl- 
burg (,J . pr. Chem., 1873, 7, 339), and Heintz (J., 1861, 14, 439). 
Pickering and Kahlenberg (loc. cit.) have both investigated the 
action of aqueous alkalis upon this salt. Pickering came to the 
. conclusion that for the formation of a neutral complex the ratio 
KOH: Ou was 1*64, and by the addition of alcohol he precipitated 
from the colloidal solution so formed an emulsion in which K : Cu = 
1:1. These conclusions, if verified, would stamp the glycollate as 
being quite exceptional. Pickering also described a strongly 
compound in which the proportion was 2K : Cu. 

Finely powdered, anhydrous cupric glycollate, although it dissolves 
in an alcoholic solution of sodium ethoxide, readily gives rise to an 
insoluble derivative. Consequently, sodium methoxide was sub¬ 
stituted : 2NaOMe + Cu(C 2 H 3 0 3 ) 2 = Na 2 [Cu(C 2 H 2 0 3 ) 2 ] + 2MeOH. 
A fine crop of bright blue crystals formed over-night {Found: 
Na, 13*7; Cu, 19-0; loss at 110°, 23*2. Na 2 [Cu(C 2 H 2 0 3 ) 2 ],2iCH 3 -0H 
requires Na, 13*6; Cu, 18*8; 2JCH 4 0, 23*7%}. At temperatures 
higher than 110°, decomposition occurred. An aqueous solution 
deposited copper hydroxide in a few minutes. 

IV. Sodium Cuprilactate. —The reactions of this compound in 
aqueous solution were discussed in an earlier paper (loc. cit). 
Finely powdered, anhydrous cupric lactate, dissolved in the 
theoretical quantity of sodium ethoxide, deposits slowly on standing 
a pale violet, crystalline, salt of low density {Found: Na, 12*8; 
Cu, 16*6; loss at 110°, 13*1. Na 2 [Cu(C 3 H 4 0 3 ) 2 ] 3 2C 2 H 6 0 requires 
Na, 12*2; Cu, 16*8; 2C 2 H 6 0, 12*2%}. Heating to higher tem¬ 
peratures rapidly decomposed the compound. 


C. Measurements of Hydrogen-Ion Concentration . 

Darmois (J. Phys . Radium, 1924, [vi], 5, 225), using the quin- 
hydrone electrode, has investigated the action of caustic soda on 
cupric malate (compare J,, 1923, 123, 1831). He followed the 
effect produced by the gradual addition of alkali to a solution 


containing cupric malate, confirming the results of the work cited 
above. It seemed that this method, which owes its application to 
the fact that the electrode functions whilst there is still insufficient 
hydrogen present to allow the xeaction Cu** -+ Hg = 2H* + Cu to 


proceed, would be useful in deciding quickly, without the necessity; 
for laborious analyses such as have been outlined in the preceding 
sections, whether all these cupric salts behaved in a similar 
to the cupric mandelate, the derivatives of winch were, at the time*, 
the only series %hich had been investigated'. / , 

The method failed when any alkali metal was 
quinhydrone was oxidised and -a- deposit of cuprous 
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However, some useful results were obtained before alkali bad been 
added. According to tbe views advanced by tbe author, the cupric 
salts from which the complexes are derived are usually isomeric with 
the parent acids of the complexes themselves. Thus it was shown 
that cupric malate, CuC 4 H 4 0 5j is isomeric with cuprimahc acid, 
H*CuC 4 H 3 0 5 , and that in solution both compounds exist side by side, 
likewise one mig ht expect isomerism between cupric lactate and 
cuprilaetic acid, cupric salicylate and cuprisalicylic acid, etc. 
Hence it seemed advisable to estimate roughly the hydrogen-ion 
concentrations in solutions of the various cupric salts under 
investigation. The quinhydrone electrode is useful for this purpose, 
and the results were checked by means of indicators, as shown in the 
following table. 

Cupric salt employed. Salicylate. Glycollate. Lactate. 

{ By indicators .*.. . 4 5 5 

By quinhydrone-quinol 

electrode .. 3*5 4*7 4*7 

Cupric salicylate is markedly acidic compared with the glycollate 
or lactate. One might expect, therefore, that cuprisalicylic acid 
would be a stronger acid than cuprilactic or cupriglycollic acid, and 
that its salts would be more stable—a prediction abundantly 
verified by experiment. It is unfortunate that cupric mamdelate 
is not sufficiently soluble to enable a comparison with the other 
salts to be made. 

Summary. 

1. It has been shown that several monobasic monohydroxy-acids, 
viz., lactic, mamdelic, glycollic, and salicylic acids, all give rise to 
similar copper-containing complex acids. 

2. The sodium salts of these complex acids have been isolated 
from alcoholic solutions. Their formulae are of the type 
Na^(-0*CHR-C0 a -) a Gu3 

and they all hydrolyse readily in aqueous solution. 

3. The derivatives of cuprimandelic acid, which are more stable in 
aqueous solutions than most of the other complexes, have been 
investigated more fully. 

4. The hydrogen-ion concentrations in solutions of the cupric 
sate of lactic, glycollic, and salicylic acids have been estimated. 

The author wishes to express his thanks to the Commissioners for 
tte Sshib ition of 1S5I for a Scholarship which enabled him to carry 
out that portion of the work which was performed in California. 
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CCXXX .—The System Ferric Oxide-Arsenic Acid- 
Water at Loiv Concentrations of Arsenic Acid . 

By Norman Holt Hartshorne. 


This work was undertaken (a) to discover whether any of the 
numerous ferric arsenates described in the literature were merely 
stages in a series of adsorption compounds, as in the case of the 
ferric phosphates (Carter and Hartshorne, J., 1923, 123, 2223); 
and (b) to test the usefulness of the viscometer-stirrer employed by 
the author to determine the transition points of salt hydrates (J., 
1924,125, 2097) in the investigation of ternary systems. It was 
thought that this apparatus would afford a rapid means of determin¬ 
ing the atta inm ent of equilibrium, thus avoiding the wastage 
involved in test analyses, and that the curves obtained by plotting 
the time of flow of the saturated solutions against the concen¬ 
tration of one of the components would show breaks indicating the 
limits of stability of the various solid phases, thus saving some 
of the laborious analyses inherent in heterogeneous equilibrium 
work. 

Metzke (Z. anorg. Chem., 1899, 19, 457) describes the following 
ferric arsenates: The basic salts, 3Fe 2 0 3 ,2As 2 0 5 ,17 and 16*5H 2 0; 
4Fe 2 0 3 ,3As 2 0 5 , 33*5, 20*5, and 15*4H 2 0, the last approximating 
to the naturally occurring pharmacosiderite; the neutral salts 
Fe 2 O 3 ,As 2 O 5 ,10,9,4 (artificial scorodite), and 1H 2 0; the acid salts 
2Fe 2 0 3 ,3As 2 0 55 22-5H 2 0 and Fe 2 0 3 ,3As 2 0 5 ,16*7H 2 0. He accepts 
the view that the acids corresponding to these salts are formed 


from As 2 0 6 by the replacement of the oxygen atoms by hydroxyl 
groups. On this basis, a compound of the type 5Fe 2 0 3 ,3As 2 0 5 is 
missing, but Metzke thinks it possible that the compounds 
3Fe20 3 ,2As 2 05,17 and lfl-SHgO are mixtures of this pentabasic 
salt with one less basic. Verneuil and Bourgeois {Cornet, rend., 1880, 
90, 223) also prepared artificial scorodite, whilst I)uncan (Pkarm. 
J., 1905, 20, 223) describes the neutral salt Fe 2 0 3 ,As 2 0 5 ,2H 2 0, 
which is dehydrated at 100°. Jezek and Simek (Z. Kryst. Min,, 
1914, 54, 88) state that an anhydrous neutral salt is formed as a 
deposit of black prismatic crystals in the Deacon chlorine process. 
Other ferric arsenates, most of which approximate to those given 
above, are described by workers in the early part of the last century. 


notably Berzelius, but the inaccurate analytical methods available 
at that time and the exhaustive nature of Metzke’s researches make 
it unnecessary to specify them. The following ferric arsetyate:;, 
occur in nature: pharmacosiderite, 4Fe 2 O 3 ,3As 3 O^15p^0|^ ,< ^^^ 
iron-sinter, 2Fe 2 G 3 ,As 2 0 6 ,12H 2 0; and scorodite# 
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Experimental. 


The system was studied at 25°. The apparatus used for pre¬ 
paring the equilibrium mixtures and collecting the phase samples 
is shown in Fig. 1. The solubility tube, A, was about 6 cm. wide 
and 26 cm. long, having a bottom so shaped as to collect the solid 
at the foot of the tube, E. This shape is very useful when (as was 

often the case in the present in- 
Fig.1- vestigation) the amount of solid 



is small. It is important that 
the sloping portion, B, should be 
sufficiently steep. The viscometer- 
stirrer, C, was the same as that 
used in the previous work ( loc . 
cit .), i.e., with a capillary diameter 
of about 0*75 mm. It was sup¬ 
ported by a glass bearing with 
thrust surfaces ground to a good 
fit and packed with vaseline con¬ 
tained in the tube, D. This type 
of bearing is simple to make, 
trustworthy, and kdficiently air¬ 
tight in cases where rigorous 
sealing of the solubility tube is 
unnecessary. Any vaseline which 
ran down the stem of the visco¬ 
meter was caught by the rings 
of filter paper at L. These were 
changed occasionally and were 
quite effective in preventing con¬ 
tamination of the mixtures. The 
apparatus for collecting the phase 
samples is shown connected to the 
solubility tube by means of the 


rubber tube, F (which normally 
was doled by a piece of glass rod), and the sliding connexion, G. 
It consisted of the collecting tube, E, the weighed filter, H, and 
the weighing bottle, J, being thus merely a modification of the 


apparatus used previously for ferric and ferrous phosphates (loc. 
dt.; Carter and Harfcshome, J., 1926, 363), the most important 
difference Wing that it was not now necessary to filter the samples 
at thermostat temperature, since this was not far removed from 
that of the room. Dry air for forcing the samples through the 
fifeer was admitted through the tube, K. During this operation* 
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the stirrer bearing was sealed by the tube, M, after removal 
of the pulley. The samples were subsequently dissolved in hydro¬ 
chloric acid and diluted to a standard volume. The solubility tube 
was supported in a glass-sided thermostat maintained at 25° ± 0*02° 
by means of an ordinary gas regulator. 

Some difficulty was experienced in finding a suitable starting 
point for the preparation of the equilibrium mixtures. Arsenic acid 
(H 3 As 0 4) ^H 2 0} was prepared by the oxidation of A.R. arsenious 
oxide (B.D.H.) according to the method described in Vanino’s 
« Preparative Chemie,” 1921, Vol. I, p. 215. Ferric hydroxide, 
prepared by the method used in the ferric phosphate work, could 
not, however, be dissolved in a solution of the arsenic acid; in 
spite of many variations in the conditions, only very small 
proportions were attacked. This is no doubt to be attributed to 
the small solubility of the ferric arsenates in arsenic acid, for 
in some cases microscopic examination showed that the ferric 
hydroxide particles were coated with arsenate, which prevented 
further action. It has been found that in solutions containing 
up to 22% of AsgOg the solubility at 25° never exceeds 0*1% of 
Fe 2 0 3 . The difficulty was eventually overcome by adding hydro¬ 
chloric acid to the mixture. The ferric chloride thus formed 
reacted with the arsenic acid, and on repeated evaporation to dry¬ 
ness the ferric arsenate was freed from all but a trace of hydrochloric 
acid. The mixture, especially when concentrated, had a greenish- 
blue tint. On one occasion after an evaporation disc-shaped 
particles separated similar to those observed by Metzke {be. cit.) 
when attempting to prepare artificial scorodite. The greenish-blue 
colour of these and other preparations is also mentioned by Metzke 
and is evidently due to a complex f erriarsenic acid or acids, analogous 
to the pink femphosphoric acids. This view is supported by the 
observations of Metzke and earlier workers, that the neutral and acid 
arsenates dissolve in concentrated ammonia, and by that of Duncan 
(be. cit.), that oxidised solutions of ferrous arsenates respond very 
faintly to the thiocyanate test for ferric iron. 

The mixture thus prepared was the basis of all the equilibrium 
mixtures studied. A portion, suitably diluted with water and freed 
from large lumps of solid, was transferred to the solubility .tube, 
and after equilibrium had been reached and the necessary phase 
samples collected, water or syrupy acid was added and a new equili¬ 
brium reached, and so on. 

Some difficulty had been anticipated in keeping the capillary of 
the viscometer clean. The method of washing with a few drops of 
water cannot be used in ternary systems of the present 
the addition of water in large excess to most of 
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solutions results in the precipitation of neutral or basic salts. In 
the present work, a dilute solution of arsenic acid was found quite 
satisfactory as a wash liquid, and a few drops of this were blown 
down the viscometer from a wash-bottle every time the composition 
of the mixture was changed. Such a procedure was neither per¬ 
missible nor necessary in order to obtain concordant results for 
successive readings of the same equilibrium. In order to provide 
for cases in which suitable wash liquids cannot be found for a 
ternary system, the author has devised an apparatus in which the 
stirrer and viscometer are separate, the latter being instantly 
removable for cleaning without disturbing the rest of the apparatus. 
So far, however, it has been found quite unnecessary to use it. 
Moreover, in ternary systems the temperature is kept constant, and 
consequently crystallisation in the capillary through temperature 
changes cannot occur. When readings are being taken with the 
viscometer, it is essential that the air expelled from the solubility 
tube by the falling liquid should be able to escape easily. In the 
previous work, the stirrer bearing provided an adequate leak, but in 
the present case it was found necessary to remove the glass plug 
from the tube, F (Fig. 1). When equilibrium was established the 
readings agreed to within 04 sec., and frequently to within 0-2 sec. 
The agreement is closer than in the previous work, but the per¬ 
centage error remains about the same. 

The analysis of the phase samples was effected as follows. The 
arsenic was separated by reduction with hydrazine and subsequent 
distillation as arsenious chloride. The apparatus used was that 
described by Jannasch and Seidel (Ber., 1910, 43, 1218), with the 
addition that the receiver was cooled in a large beaker of water and 
was furnished with a water trap to prevent any escape of arsenic. 
(These precautions are, however, probably unnecessary.) An 
aliquot part of the phase sample solution was measured into the 
distillation flask, concentrated hydrochloric acid was added until 
the volume was about 110 c.c., and the solution was saturated with 
hydrogen chloride; 3 g. of hydrazine sulphate and 1 g. of potassium 
bromide were then added, and the liquid was distilled until only 
30—40 c.c. remained. The distillate was titrated as described 
below. High results are obtained unless the flame is screened from 
all but the bottom of the flask by an asbestos ring with a wire gauze 
centre: without this precaution, the flask becomes heated above the 
liquid and hydrazine distils over. The amount of arsenic in the 
reagents was found to be negligible. The use of a continuous 
stream of hydrogen chloride during the distillation was found, in 
agreement, with Jannasch and Seidel, to be quite unnecessary for 
the complete volatilisation of the arsenic. 
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The distillate was titrated with potassium iodate solution, accord¬ 
ing to the method described in Scott’s “Standard Methods of 
Chemical Analysis,” 1922, Vol. I, p. 44. The iodate solution was 
standardised against resublimed A.R. arsenious oxide (B.D.H.). 
Owing to the distillation, the arsenious chloride solution was more 
dilute than is usual in this titration, and the reaction was conse¬ 
quently slower; it was therefore necessary to add the last few c.e. 
of the iodate very cautiously, waiting 5 minutes between each 
addition. As a check, the solution was titrated back with a standard 
arsenite solution, but the first drop almost invariably restored the 
colour to the chloroform. 

The iron in the liquid phase was determined colorimetrically with 
ammonium thiocyanate—it never exceeded 0*1% as Fe 2 0 3 . In the 
solid phases, it was determined either (1) gravimetrically as oxide 
in the residue from the arsenic distillation, after decomposing the 
excess of hydrazine with nitric acid; (2) by titration of the residue 
with potassium dichromate, after removing the hydrazine with 
nitric acid and expelling the latter by evaporation; or (3) by direct 
titration of the phase sample solution with potassium dichromate. 
Stannous chloride was used as a reducing agent in the dichromate 
titrations. Methods (1) and (2) were both unsatisfactory because 
the weights of iron in the quantities of solution necessary to obtain 
a convenient amount of arsenious chloride were small. By using 
method (3) more solution could be titrated, and it was found by 
experiment that, provided the concentration of hydrochloric acid 
was not too high, the presence of the small amounts of arsenate 
involved did not appreciably affect the results. To ensure that the 
hydrochloric acid concentration was sufficiently low, the phase 
sample solutions were diluted with water before reduction by the 
stannous chloride, until in the cold the colour due to the ferric 
chloride was a pale yellow. , 

Results . 

The results are in Table I. The composition of the phases is 
expressed in terms of Fe 2 0 3 and As 2 0 6 , and, in the case of mixtures 
1—13, as 3?eAs0 4 and H 3 As0 4 also. This second mode of expression 
is made possible by the absence of basic solid phases, and its object 
is to bring out more clearly the orientation of the conjugation lines 
when the results are plotted. If Fe 2 0 3 and As 2 0 5 are used as 
plotting components, the diagram is confined within an area which 
is very narrow in the direction Fe 2 0 3 As 2 0 5> and its significance 

is difficult to appreciate. Mixtures 14—20 are not so treated 
because their percentages of Fe 2 0 3 in', tlwv.1$qpj£d.'''-plwwafe 
determined approximately. Graphic expression Iel 
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Table I. 

(Solid phase analyses marked with an asterisk refer to the dried 
solid, the remainder to the moist solid.) 





Liquid phase. 



Solid phase. 



Time 




s 




*** 

Mix¬ 

of flow 

% 

% 

% 

% 

% 

% 

% 

% 

ture. 

(secs.). 

Fe,O t . 

As»O s . 

FeAsQ 4 . 

H s Ajs0 4 . 

PejO,. 

As,0,. 

FeAs0 4 . 

H,Ab0 4 . 

1 

81-7 

Trace. 

2*6 

Trace. 

3*2 

10*3 

17*0 

25*1 

2*7 

2 

82*6 

99 

3*5 

99 

4*3 

10*8 

18*2 

26*3 

3*3 

3 

83*4 

99 

4*4 

99 

5*4 

9*6 

17-1 

23-4 

4*1 

4 

84*5 

99 

5*4 

99 

6*7 

13*7 

23*3 

33*4 

4*45 

6 

85*0 

99 

5*8 

99 

7*2 

10*9 

20*9 

26*6 

6*4 

6 

85*7 

99 

6*4 

99 

7*9 

15*8 

27*9 

38*5 

6-4 

7 

86*6 

0*001 

7*96 

0*001 

9*83 

_ 

_ 

_ 

_ 

8 

89*0 

0*004 

10*11 

0*01 

12*47 

4*1 

15*2 

10-0 

11*5 

9 

92*1 

0*01 

12*49 

0*02 

15*40 

5*5 

18*74 

13*4 

13*4 

10 

97*4 

0*036 

16*19 

0*088 

19*93 

— 

— 

— 

—■ 

11 

102*0 

0*037 

18*82 

0*090 

23*17 

2*7 

21*22 

6*6 

21*41 

12 

108*0 

0*059 

21*77 

0*14 

26*78 

3*4 

24*94 

8*3 

24*75 

13 

110*6 

0*076 

23*13 

0*185 

28*42 

26*8* 

52-8* 

65*4* 

17*5* 

14 

87*4 ' 

\ >> 

8*0 




_____ 



15 

87*4 

1 

8*4 



_ 

_ 



16 

92*6 


12*3 



21-8* 

58*6* 



17 

94*1 

>.3 “ 

f wo 

13*2 



_ 




18 

95*5 

8 

14*3 



- 

— 



19 

96*7 

g 

14*9 




_ _ 



20 

97*7 > 


15*5 



22*5* 

57-9* 




Composition and Appearance of Solid Phases.—Mixtures I- 
. Fe 2 0 8 ,As 2 0 5 ^H 2 0, 

with adsorbed acid. Amorphous. 

Mixtures II—13: 


Fe 2 0 3 ,As 2 0 5 ,FH 2 0 (with adsorbed acid) -f Fe,Os,2As 2 0 5 ,8H 2 0. 
Amorphous and needles. 

. Mixtures 14—20; Fe a O*2As s O*,8H 1 0 (Calc.: Fe^O*, 20>94; 
60*21%). Needles. 


AsjOs, 


so necessary for those mixtures, for the compositions of their solid 
phases were found by analysis of the dried solid. Kg. 2 shows 
mixtures 1—13 plotted on a triangular diagram, and Fig. 3 shows 
the times of flow of the liquid phases (excluding mixture 13) 
plotted against their content of As 2 0 5 . 

From Table I, it is seen that the percentage of ferric oxide in all 
the liquid phases is extremely small: even mixtures 14—20 which 


are metastable show only about AT%. It was feared at first that 
this small solubility would render the viscosity measurements 
useless through their not differing appreciably from those of aqueous 
arsenic acid solutions. The curves in Fig. 3 show, however, that 
mixtures 14—20 have a distinctly higher viscosity than the others 
at thosame acid concentrations; on the assumption that the viscosity 
increases with solubility, this confirms the metastability of these 
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mixtures. Further, a distinct break occurs between mixtures 6 and 
7, the sig nific ance of which is discussed later. 

From Table I it will be seen that the mixtures 11—13 possessed 
the same two solid phases. It is evident that in these cases equili¬ 
brium was not attained, since theory demands that there shall be 
only one composition for a solution in equilibrium with any two 


Fig. 2. 



solid phases at constant temperature. This is not to be attributed 
to any failure to take the usual precautions to ensure the attainment 
of equilibrium, for the stable solid phase was presumably present 
in each case, and stirring was continued long after any change in 
the viscosity of the solution and in the appearance of the solid under 
the microscope had ceased (the mixtures were stirred for 35, 6, and 
26 days, respectively). Bather must it be ascribed to 
sluggishness in approaching equiEbrium. Bus was i 
in the ferric phosphate work in this 
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the low solubility of the solid phases. In view of this, it is impossible 
to be certain to what extent equilibrium was reached in the other 
mixtures. The least doubt would appear to attach to mixtures 
14-—20 which possessed a single well-defined crystalline solid phase. 
These’, however, were metastable. 

The solid phase of mixtures 1—10 was seen under the microscope 
to be very finely divided, the average diameter of the particles being 
1*0—1*5 \l. Under crossed Nicols and an oil-immersion objective 
they showed no trace of colour and may therefore be described as 
amorphous. Fig. 4 is a photomicrograph of the solid phase of mix¬ 
ture 1 which is typical of the whole series. The conjugation lines 


Fig. 3. 



% AsgOj. 

of these mixtures together with that of mixture 11, which for all 
practical purposes may be included with them since the proportion 
of acid salt which it contained was exceedingly small, suggest (see 
Fig. 2) that the solid is a neutral ferric arsenate containing varying 
amounts of adsorbed arsenic acid. In this respect the system is 
similar tothe ferric phosphate system (fee. tit.). Marked adsorption 
is H^eedto be expeeted in these cases, for the solid is finely divided 
and amorphous. This factor limits the value of any conclusions 
drawn from the conjugation lines, and further evidence is necessary 
to show where they end. In the present case an attempt to provide 
this was made by analysing the dried solid phase of mixture 13 
(point B). This contained both the neutral arsenate and the acid 
salt FegOg^AsgOgjSHgO (point C), so that extrapolation of the line 





Fig. 4. 



Fe 2 0 3 ,As 2 0 5 ,a;H 2 0 and adsorbed acid. 
Average diameter of 'particles : 1*0—1*5 /jt. 


Fjg. 5. 



Fe 2 0 3 ,2As 2 0 s ,SH 2 0. 

(X 260). 

[To face p. 17671 
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CB gives information as to the water content of the former* As will 
be seen from the figure, this leads to the composition 
FeAs0 4 ,3H 2 0 (or Fe 2 0 3 ,As 2 0 5 ,6H 2 0). 

No great reliance can, however, be placed on the accuracy of the 
determination of the point B, since it is probable that the solid 
suffered some change in composition during the drying process on 
account of its fine state of division and the presence of adsorbed acid* 
(The solid was washed with anhydrous ether which was then removed 
in a current of dry air.) 

It will be noticed that the lines fall into two groups, viz., 1—4 
and 5 —n, the latter converging approximately on the point A, It 
does not appear, however, that this has any significance, for the 
point A is far removed from the line CB, and, moreover, no simple 
formula can be assigned to it. The break in the viscosity curve 
between mixtures 6 and 7 (see Fig. 3) may be due to a small change 
in the solid phase, but it is more probably due to incomplete attain¬ 
ment of equilibrium, especially as the order in which the mixtures 
were prepared was from Nos. 6 to 1 followed by a reversion to No. 7, 
i.e., to the mixture on the other* side of the break. Possibly the 
true course of the curve is as represented by the broken line drawn 
from 3 to 7. 

If the conjugation lines reach as far as the line CB produced, the 
diagram shows that certain of them cross over the others. This, 
too, indicates that equilibrium was not attained, for it implies that 
a mixture of the three components lying within the crossing region 
has a choice of equilibrium states. A similar arrangement of lines 
was observed in the ferric phosphate work at 25° ( loc . eft., p. 2226), 
but its significance was not then appreciated. For the present, the 
solid phase in equilibrium with mixtures 1*—10 is described as 
Fe 2 0 3 ,As a 0 5 ,#H 2 0 (where x is probably not far removed from 6 ), 
containing adsorbed acid. 

Mixtures 14—20 were made by stirring another portion of the 
starting material with arsenic acid solutions of progressively decreas¬ 
ing strengths. They were all metastable, as both the analyses 
and the viscosity curves show* The solid consisted of small 
needle-shaped crystals (see photomicrograph. Fig. 5) which could be 
easily filtered; they were dried by washing with ether and under¬ 
went no visible change. They were therefore analysed dry in two 
cases and the results are given in Table I. From these figures and 
from the crystalline form, it was concluded that they were 
Fe 2 0 8 ,2As 2 0 5 ,8H a 0, isomorphous with Fe 8 0 a , 2 P ft 0 ' 5 , 8 H 2 0 , $oc.. eft.,:, 
p. 2230). The analytical figures are not as close to this composition 
as is desirable, but they do notagreewithany other known or antioir, 
pated compound. The inaccuracy is probably due 
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of the crystals, the relatively large surface magnifying the effect of 
incipient decomposition. The error is in the basic direction, which 
is in agreement with this explanation. This compound does not 
appear to have been described before. Its constitution and that 
of its phosphate analogue cannot be explained in any simple manner 
on the assumption that the salts are formed simply by the replace¬ 
ment of acid hydrogen by ferric iron* This is further evidence that 
the salts are complex. A formula analogous to that given by Wein- 
land and Bnsgraber to the phosphate would serve also for the 
arsenate, viz., [Fe{As0 4 ) 2 ]H 3 ,2*5H 2 0. No sign of Metzke’s com¬ 
pound, 2Fe 2 0 3 ,3As 2 0 5 ,22*5H 2 0, has been found. 

Summary. 

The system ferric oxide-arsenic acid-water has been studied 
between the concentrations 2*6 to 23*13% of As 2 0 5 at 25°. Within 
this r ang e the following solid phases have been found: The neutral 
salt, 3Te 2 0 3 ,As 2 0 6 ,rH 2 Q (where x is probably not far removed from 
6 ), carrying varying amounts of adsorbed arsenic acid; and the 
acid salt, Pe 2 0 35 2As 2 0 5 ,8H 2 0, which has apparently not been 
described before. No basic salts were obtained. A feature of the 
system was the sluggishness with which equilibrium was approached 
even in the presence of the stable phase, and it is evident that in 
some cases it was not attained. 

The author’s stirrer-viscometer was used in this work in order to 
test its usefulness in the investigation of ternary systems. No 
difficulty was experienced in obtaining readings concordant to within 
0*5% and frequently less. The system did not, however, afford 
much opportunity for making use of viscosity measurements. 

In conclusion, the author wishes to express his thanks to Dr. 
J. F. Spencer for his helpful interest in this work. 

Bedfgbd College, 

Univeesitv of London. [Received, April 2nd, 1927.] 


CCXXXI .—The Preparation and Hydrolysis of the 
Isomeric fi-Tolylethyl Bromides. 

By John Baldwin Shobsmith and Robert Jordan Connor. 

In a recent paper (Shoesmith and Slater, J. } 1924, 125, 2278), 
comprising one of a series of investigations on the polar and other 
factors which govern the reactivity of halogens in substituted 
hMogenated benzenoid derivatives, the transmission of a. powerful 
albsrmtingM from the methyl group of the tolyi radical 
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to halogen (a) directly attached to the same benzene nucleus and 
{6) removed by one carbon atom from the nucleus was demon¬ 
strated by the great difference in reactivity of the halogens in 
the isomeric iodotoluenes, CH 3 *C 6 H 4 I, and o-bromoxylenes, 
CH 3 </ € H 4 *CH 2 Br, and by the manner in which the order of ease 
of replacement of the bromine atoms in the latter case is dependent 
on the reagent used. 

The interes ting problem as to how far the influence of the methyl 
group extends beyond the benzene ring has now been investigated, 
the isomeric p-tolylethyl bromides having been prepared and 
submitted to the action of hydrolysing and reducing agents. The 
compounds are very different from the co-bromoxylenes and very 
similarjtojone another in chemical and physical properties. They 
are quite stable towards aqueous alcohol at 76° and towards an 
aqueous acetic acid solution of hydrogen iodide. Differences in 
the rate of hydrolysis by aqueous-alcoholic sodium hydroxide have 
been observed and the order is : unsubs. (1-25) > w(0*83) > #(0-7) 
> o(0-6), but the differences are exceedingly small. (The figures 
in brackets denote the reciprocal of the time taken for half hydrolysis 
of the bromide at 76°, i.e., an approximate rate of hydrolysis; 
compare Shoesmith and Slater, J., 1926, 214.) There appears to 
be a very slight residuum of alternating effect, and all the sub¬ 
stituted compounds are slightly more difficult to hydrolyse than 
p-phenylethyl bromide—the reverse of the case in the corresponding 
benzyl bromides. 

The o-isomeride is the most difficultly hydrolysable. The 
anomalous position of o-isomerides has been repeatedly stressed 
(as has also the fact that this is not due to steric influences; Shoe- 
smith and Slater, J., 1926, 215). Olivier has arrived independently 
at the same conclusion (Bee. trav . chim., 1926, 45, 452, 710). As 
yet no satisfactory explanation has been given of the factors 
governing the reactivity of ortho-substituted benzyl bromides, 
save that there is here present an influence which renders them 
less reactive to hydrolysing and more reactive to reducing agents 
(e.g ~ 9 hydrogen iodide) than would be expected from any of the 
various theories put forward to explain enhanced and subdued 
reactivity. V 

It may now with certainty be concluded that those influences 
the effect of which was demonstrated so clearly in the isomeric 
oi-bromoxylenes are only feebly transmitted through the o^carbo^ 
atom of the side chain in the p-tolyleihyl bromides, a ^nelusion.ci 
special interest m view of recent observations (Ibg.^sui BofeteOTV 
J., 1926, 1656 ; Goss, Banhart; and Ingold, 2^^#; ;; 

a very appreciable general effect due to 
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is transmitted through, two singly bound carbon atoms directly 
attached to the benzene nucleus. 

Experimental. 

The isomeric [3-tolylethyl bromides were prepared according to 
the general scheme: 

CH 3 *C 8 H 4 Br CH 3 -C s H 4 *MgBr CH,01 ' 0g, '°| 

CH 3 , C 6 H 4 *GH 2 *CH 3 :0H CH 3 -C 6 H 4 -CH 2 -CH 2 Br. 

The Isomeric $-Tolylethyl AIcohols. —Grignard’s method {Comjrt. 
rend., 1905,141, 44) was modified in several important particulars. 
To the bromotoluene (64 g., carefully freed from traces of possible 
phenolic impurities) in 250 c.c. of dry ether, 9 g. of magnesium were 
added and, when the vigorous reaction ended, dry, freshly distilled 
ethylene ehlorohydrin (10 g.), dissolved in an equal volume of dry 
ether, was slowly dropped in. After the vigorous reaction had 
abated, the ether was distilled away and the residue was heated 
under 14 mm. pressure at a temperature not exceeding 180—200° 
for 2 hours to remove toluene, ditolyl, etc.; it was then mixed with 
ice and after 30 minutes the decomposition was completed by the 
addition of the calculated quantity of sulphuric acid in ice-water. 
The ethereal extract of this solution was dried, the ether distilled 
away, and the residue heated for about 10 minutes with aqueous- 
alcoholic potash. Extraction with ether, drying, and distillation, 
finally in a vacuum, then gave the (3-tolylethyl alcohol in 20—24% 
yield, and no improvement could be effected. The alcohols had 
b. p.’s: o-isomeride, 115—116°/13 mm. (compare Grignard, Zoc, 
m-isomeride, 115—117°/13 mm. (Braun, Grabowski, and 
Eirsohbaum, Ber., 1913, 46, 1266) ; and p-isomeride, 116*5—• 
118°/14 mm. (Grignard). 

The Isomeric §-Tolyle£kyl Bromides .—As hydrogen bromide has no 
effect on these alcohols, the bromides were prepared by adding 
phosphorus pentabromide (60 g.) to 15 g. of the respective (3-tolyl- 
ethyl alcohols, dissolved in 50 c.c* of dry benzene, the reaction being 
controlled by shaking in ice-water and completed by heating for 
1 hour at a temperature not exceeding 50°. The mixture was then 
pouted on excess of ice, and the bromide was extracted with ether, 
dried over sodium sulphate, and distilled in a vacuum. The 
distilfete was washed with water to remove final traces of phosphoryl 
brom^ie, dried, and redistilled. The bromides all boiled, as expected, 

Ik : ©^-compound, 99—100°/10 mm.; ^compound, 101— 
mm,; and p-compound, 103*5—105°/11 mm. They con- 
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tained hydrolysable bromine: o-isomeride, 394; m-isomeride, 
39*8; and j9-isomeride, 40*3% (C g H n Br requires kydrolysable 
Br, 40*2%). They are stable, sweet-smelling, non-pungent, non¬ 
lachrymatory oils, thus differing sharply from the corresponding 
co-bromoxylenes. 

(3-Phenylethyl bromide was prepared from freshly distilled, 
commercial p-phenylethyl alcohol in a similar manner and, for 
comparative purposes, to make quite sure that only the ethyl 
bromides are formed by the action of phosphorus pentabromide on 
the alcohols, a sample was prepared by a method suggested to us 
by Professor Lap worth. A mixture of p-phenylethyl alcohol (20 g.) 
and constant-boiling hydrobromic acid (50 c.c.) was boiled under 
reflux for 4 hours. The bromide so formed was washed with 
water until free from halogen acid, dried, and distilled. The 
samples obtained by the two methods had identical boiling points, 
89—89*5°/12 mm., estimations of hydrolysable bromine showed 
they were pure, and later the rate of hydrolysis showed they were 
identical. 

Behaviour towards Hydrogen Iodide .—All the bromides were 
stable to hydrogen iodide in aqueous acetic acid at 100° for 4 hours. 
For comparative purposes, some unpublished observations, made 
in collaboration with Dr. R. H. Slater, on co-bromo-m- and -p-xylenes 
are given in order to stress the differences observed in the two cases. 
These figures were obtained in a similar manner, but at 110° 
(experience has shown that slightly different results are obtained 
at the two temperatures); t, w, and x have the usual significance. 

Table I. 


w-Bromo-m-xylene. w-Bromo-p-xylene. * 


t (hre.). 

V). 

X. 

w. 

X. 

1 

0*1239 

69 

0*1208 

44 

2 

0*1245 

87 

0*1217 

66 

3 

0*1225 

100 

0*1286 

75 


* The p-isomeride is not reduced by hydrogen iodide in glacial acetic acid 
at 25°, Its reduction at 110° shows the powerful reducing action of the 
aqueous acetic acid reagent at this temperature. 

Hydrolysis of the Isomeric $-Tolylethyl Bromides .—The bromides 
were stable to aqueous alcohol at 76° for 4 hours. Comparative 
hydrolysis figures were obtained as follows : The bromide (approx. 
0*50 g.) was dissolved in 75 c.c. of absolute alcohol, 25 c.c. of H /10- 
sodium hydroxide were added, and the volume 
103 c.c. Aliquot portions (20 c.c.) were heated ir 
76° (b. p. of carbon tetrachloride) for definite times 


was made tip to'. 
t a thermo ' ' " 
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of hydrolysis which had taken place was estimated by titrating the 
un used alkali with standard hydrochloric acid. The results are 
in Table II. 



o-Isomeride. 

Table II. 

wi-Isomeride. 

p-Isomeride. 

jS-Phenylethyi 

bromide. 


to = 0*501. 

0-506. 

0*500. 

0-453. 

t (iirs.}. 

x . 

x . 

x . 

x . 

i 

38 

45 

46 

56 

1 

54 

63 

56 

68 

2 

69 

75 

71 

81 

4 

82 

86 

83 

89 

e 

85 

90 

87 

93 


The order of reactivity with ^/30-alcoholic potassium hydroxide 
at 25° was exactly the same. 

The authors wish to acknowledge the receipt of a grant from the 
Earl of Moray Research Fund, and also a Carnegie Teac hin g Fellow¬ 
ship to one of them (J. B. S.), which enabled this investigation to 
he carried out. 

Edustbuboh Univebsitt. [Received, May 4th, 1927.] 


CCXXXII .—Reduction of Silver Compounds in Alkaline 

Solution . ■ 

By Walter Farmer and James Brierley Firth. 

The object of the present investigation was to ascertain the con¬ 
ditions of experiment leading to the production of a maximum 
yield of metallic silver when ammoniacal solutions of certain silver 
compounds are reduced in the presence of aluminium and aqueous 
caustic alkali. 

The reduction of silver oxide, prepared from silver nitrate, may 
be amply represented by the equations 

(i) 6AgN0 s + 6KOH *=* 3Ag 2 0 + 6KN0 3 + 32*0, 

<ii) 211 + 6KGH = 2A1(0K) S + 3H 2 , 

(iii) 3Ag a 0 -f 3^ = 6Ag + SHgO, 

one g.-atom of aluminium bang equivalent to 3 g.-atoms of 
'silver,' ‘ 

Pr el i m i n a r y experiments indicated that, in the absence of 
aluminium, heating of ammoniacal silver solutions in the presence 
of potassium hydroxide was followed by detonation. Addition 
of potassium hydroxide to concentrated solutions of silver com¬ 
pounds in aqueous ammonia caused the formation of black pre- 
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eipitates. Hydrolysis in the presence of traces of aluminium led 
to the detonation of such reaction mixtures. Hydrolysis of the 
dried black precipitates by potassium hydroxide gave silver oxide 
as the final product. In the presence of ammonia, spongy silver 
was formed. Analysis of the dried black precipitates by the 
Kjeldahl method showed that they were mixtures of silver nitride 
with relatively small quantities of silver oxide. 

Experimental. 

Series /.—An ammoniaeal solution of silver nitrate containing 
2 g. of the salt, 25 c.c. of ammonia (d 0880), and 25 c.c. of water 
was treated with 25 c.c. of 3iV-potassium hydroxide, and heated 
at 100° in a water-bath. At once a black film began to form on 
the walls of the reaction vessel, and its appearance was followed by 
an explosion which shattered the reaction vessel. This phenomenon 
occurred in three consecutive experiments, detonation taking place 
after a lapse of 12, 14, and 15 minutes from the commencement of 
the reaction. 

Series II. —Aqueous silver nitrate solutions of various con¬ 
centrations were treated with just sufficient ammonia (d 0*880) 
to redissolve the precipitated silver oxide, and to each solution 
were added 10 g. of potassium hydroxide dissolved in 15 c.c. of 
water. A brown precipitate formed; this was followed by a 
black precipitate as more caustic alkali was added* The final 
heavy precipitate was uniformly black in colour. The reaction 
vessel was then placed in a water-bath and heated to 100°. The 
black precipitate was thereby progressively reduced to a grey, 
metallic powder. The reduced metal was filtered, washed, dried, 
and analysed. In all cases, the filtrates were free from silver. 
Under the conditions of these experiments, it was observed that 
quantities of silver nitrate not exceeding 5 g. could be quantitatively 
reduced to metal. Attempts to reduce the silver salt in larger 
quantities invariably led to the explosion of the product. Typical 
results are given in Table I. 


Wt. of AgNG* (g.)....„ 0*5 

% Ag ppd. 99*82 

% Agm ppt. .. 99*61 


Table I. 

1*0 
99*85 
99*70 


2*0 

99*91 

99*82 


3*0 

99*83 

99*80 


4*0 

99*87 

99*84 


5*0 

99*89 

99*85 


The conversion of the black precipitate into metallic silver was 
associated with the evolution of a gas, which was found; tf ^ 
nitrogen. The results ofa quantitative 
are summarised in the first two lines of *“ * 
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lines show that the nitrogen evolved is chemically equivalent to 
the silver nitrate used. A similar result was obtained with silver 
chloride. 


Wt. of AgN0 8 (g.) . 

Nitrogen (c.c. at N.T.P .)... 

AgN0 8 (mg.-equiv.) . 

JN {mg.-eqniv.) .. 


Table II. 

0*1619 0*2269 0*3176 

3*41 4*86 6*72 

0*95 1*33 1*87 

0*91 1*30 1*80 


0*4036 0*5892 

8*62 12*41 

2*37 3*47 

2*31 3*33 


Series IIL —Several samples of the black product were prepared 
as in Series II, 0*5 g. of silver nitrate being used in each case. 
Ordinary test-tubes were used as reaction vessels. One frag¬ 
ment of aluminium filings was quickly dropped into each reaction 
mixture, and the tubes were immediately immersed in vessels 
containing water at known temperatures. The observations were 
as follows: 

(a) At 50°, crackling sound; (b) 60°, report; tube intact; 
(c) 70°, report, but louder; tube intact; (d) 90°, explosion; tube 
shattered; (e) 100°, violent explosion; tube shattered. 

Analysis of the Black Precipitate .—A quantity of the black 
precipitate was prepared as in Series II. After 15 minutes, the 
supernatant liquor was decanted off, and the precipitate was 
washed by decantation with water and transferred to a filter. 
After thorough washing with water, the black precipitate was 
washed into a small fared evaporating dish, the excess of water 
evaporated on the water-bath, and the final drying completed by 
preserving over concentrated sulphuric acid. The product, which 
did not smell of ammonia, was then analysed. Owing to the great 
instability of the product, which exploded on percussion and even 
on touehing with a spatula, it was deemed advisable to analyse it 
in bulk according to the following scheme: 

(a) The black product was hydrolysed by means of strong caustic 
alkali, and the evolved ammonia estimated by absorption in standard 
sulphuric acid, 

(b) The residual silver oxide was washed, dried, weighed, con¬ 
verted into nitrate, precipitated as chloride, and weighed in this 
form. 

{c) The alkaline filtrate, from which the black product had been 
isolated, was examined for dissolved silver, which was precipitated 
and weighed as chloride. A typical result is given in Table III. 

Table III. 

\'5?i of black ppfe.. g, AgN0 s precipitated =85* 

ppt. = 3*59% AgNO s re main i ng in solution = 15* 

=95*48% 
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From the above result, it would appear that the product was 
not homogeneous. In order to test this view the final, dry, black 
precipitate, prepared as above, was extracted several times with 
50 c.c. of 10% ammonia solution. Analysis of the product after 
extraction and of the ammoniacal extract gave the following 
result. 

Table IV. 

Wt. of ppt. before extraction — 1*132 g. % of total AgN0 3 ppd. = 84*68 

Wt. of ppt. after extraction = 0*989 g. % of AgN0 3 in extract == 10*33 

Nitrogen in ppt. = 4*11% % of AgN0 8 in solution = 15*19 

Silver in ppt. = 95*50% 

. ■ r 

From a series of experiments, it was ascertained that a similar 
black precipitate containing nitrogen could be obtained when silver 
chloride was used instead of silver nitrate. 

Series IV.—Reduction at 100°, in ammoniacal solution , using 
varying quantities of aluminium and definite amounts of dissolved 
silver in the 'presence of potassium hydroxide . The required quantity 
of the silver compound, containing silver equivalent to that present 
in 2 g. of the nitrate, was treated in an ammoniacal solution, 
containing 25 c.c. of ammonia (d 0*880) and 25 c.c. of water, with 
25 c.c. of SN-potassium hydroxide. A definite quantity of 
alum inium filings was then added and the reduction carried out 
at 100°; a black product was deposited, the colour of which changed 
rapidly to grey; from this stage onwards the quantity of the 
reduced metal increased continuously throughout the experiment. 
The final product formed grey, coherent masses of reduced silver 
possessing a vesicular structure. The reduction was complete in 
If hours, and the reaction liquid was then treated with 10 c.c. of 
ammonia (d 0*880), allowed to stand for 15 minutes with frequent 
shaking, diluted with half its bulk of distilled water, and filtered 
through a taxed Gooch crucible. The reduced silver was thoroughly 
washed, dried at 100°, weighed, and analysed. The results for 
silver nitrate are given in Table V, and those for silver oxide and 
silver chloride were very similar. 


Table V. 

Alused(g.) .. 0*05 

Agppd., % .. 99*88 

Ag in ppt., % .. 99*83 


0*10 

99*82 

99*89 


0*20 

99*79 

99*87 


V .—A solution was prepared exactly as in Series IV, a 
strip of sheet aluminium was placed in it, and, immediately, a 
black deposit formed on the surface of the metal. After 30 seconds, 
the strip was removed, the deposit transferred to a beafer < 
means of a jet of water, and the strip reimmersed in 4 
solution. This was repeated (10 times) untS ^ 
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obtained In a quantity sufficient for analysis, which showed it to 
be elementary silver. 

Series FI,—Ammoniacal solutions of silver nitrate were pre¬ 
pared, the ammonia content being just sufficient to retain the 
silver in solution. 2 C.c. of ammonia (cZ 0*880) were added, i.e., 
excess sufficient to prevent the formation of black precipitates 
(total maximum bulk, 10 c.c.). Each solution was treated with 
2 g. of potassium hydroxide dissolved in 5 c.c. of water, the required 
quantity of aluminium added, and the dissolved silver submitted 
to reduction at 100°. The volume of gas evolved was determined, 
and the gas proved to be nitrogen. Typical results are given in 
Table VI. 

Table VI. 


Wt. of A1 (g.) . 0-01 0-01 0-01 0*02 0-03 

Wt. of AgNO a (g.) . 0*2884 0-5378 0-7500 0-7500 0*7500 

Nitrogen (c.c, at N&.P.) 1*92 7*33 11*97 7*89 3*78 

% Ag ppd. 99*52 99*81 99*82 99*88 99*84 


It was observed that the evolution of nitrogen was retarded. 

The results obtained indicate that the amount of silver reduced 
is stoicheiometrically equal to the aluminium dissolved plus the 
nitrogen evolved, i.e., that Ag + reduced = A1 oxidised + NH 3 
oxidised, thus (in mg.-equivs.): 


fAi 


M 

1*1 

2*2 

3*3 

iN . 

.. 0*5 

2*0 

3*2 

21 

1-0 

JStrm . 

......... 1*6 

3*1 

4*3 

4*3 

4*3 

AgNO, .. 


3*2 

4*4 

4*4 

4*4 


Series VII.—Reduction at 100°, in ammoniaccd solution , using 
a fixed quantity, of aluminium , and varying amounts of dissolved 
silver in the ‘presence of ‘potassium hydroxide . The object of this 
seriee was to ascertain the maximum effect of a definite quantity 
of aluminium under given conditions of experiment. 0*05 G. of 
al u m i nium was used in each case. The bulk of the mixed solutions 
and the concentration of ammonia were similar to those of Series IV. 

The quantities of silver compound used were equivalent to 2_8 g. 

of nitrate. In all experiments up to a silver content equivalent 
to 6 g. of nitrate, a quantitative yield of silver was obtained. The 
use of more concentrated solutions of silver frequently resulted in 
explosions. In this series it was observed that the first-formed, 
coherent masses of silver gradually changed to a granular powder. 
The results are given in Table VII. 


Table YU. 


Wt. of Ageompd. (g.) ... 

2 

3 

4 

Wt Ag ppd. (g.) ...... 

1*27 

1-90 

2*54 

% Ag ppd. . 

99-73 

99-82 

99*79 

% Agiappt. ............... 

99-79 

99-88 

99*85 


e 

3-80 

99-89 

99-84 
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Series VIII .‘— Reduction at 100°, in ammoniacal solution, using 
definite quantities of aluminium in the presence of potassium hydroxide, 
the solutions of silver used during the process of reduction being added 
from time to time in measured volumes of known ammonia and silver 
content * i¥om the preceding series it seemed probable that the 
concentration of the silver salt relative to the ammonia content 
of the alkaline solution employed is a factor governing the stability 
of the ammoniacal solutions submitted to reduction. The present 
series was carried out to test this view. 

A solution containing 2 g. of silver salt, prepared as in Series IY, 
was treated with 0*05 g. of aluminium filings. An additional series 
of solutions was prepared containing 2 g. of the same silver salt in 
25 c.c. of ammonia (d 0*880) and 25 c.c. of water. At the end of 
consecutive intervals of 20 minutes, these solutions were, in turn, 
added to the reaction liquid undergoing reduction. The total 
quantify of silver salt thus added was equivalent to 8 g. of the 
silver salt employed. The resulting reduced silver formed grey, 
coherent masses. The results are given in Table VIII. 


Table VIII. 

From Agj\ T O s . From AgCl. 

Wt. of ppt. (g.)..... 4*26 3*64 

% Ag in ppt. 99*89 99*85 

% Ag ppd.. 66*94 48*27 

Series IX .— As in Series VIII, activated silver being used instead 
of aluminium filings . Quantities of reduced silver, prepared as in 
Series IV, were activated by heating in a vacuum in a quartz tube 
for 3 hours at 900°, the samples of the metal obtained from the 
different salts being submitted to heat treatment separately. The 
method of experiment was as in Series VIII. The total quantity of 
silver salt added was equivalent to 8 g. of the silver salt used. Two 
series of experiments were carried out on activated silver from (i) 
silver nitrate, and (ii) cf. silver chloride. Table IX contains the 
results for the first series. 

Table IX. 

^ AgNO a . AgCl. 

Activated ^~^ ~ N 

Ag used Wt. of % Ag % Ag Wt. of % Ag % Ag 
(g.). ppt. (g0. in ppt. ppd. ppt. (g.). in ppt. ppd. 

G-4 2*54 99*89 39*91 1*96 99-87 26-05 

0*6 341 99*92 48*89 2*73 99-90 36-29 

0:8 3*61 99*87 56*80 .2*81 99*88 37-42 

1*0 3*95 99*84 62*15 3*08 99*85 40^82 

Discussion and Conclusions. ; 

Under the conditionsof experiment for hydrolysis 
black precipitates are transformed to metalfe ^fep^ 
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reaction liquids are found to be free from dissolved silver. In so 
far as the black precipitates are unstable in the presence of traces 
of aluminium, it would seem that deposition of silver nitride, prior 
to the final separation of metallic silver, is entirely inhibited with 
respect to the different processes of reduction which proceed without 
detonation of the reaction mixture. 

In the absence of aluminium, the different amounts of dissolved 
silver quantitatively separated as reduced metal are equivalent 
to the volumes of nitrogen evolved. In the presence of aluminium, 
the evolution of nitrogen is inhibited : the formation of this gas 
does not commence uritil every trace of metallic aluminium has 
been dissolved as aluminate. 

The quantitative yields of reduced silver obtained under con¬ 
ditions for the production of nitrogen in presence of aluminium 
would appear, therefore, to be the cumulative effect of two distinct 
reactions. In the first reaction, metallic silver is separated from 
the solution in a quantity equivalent to the amount of aluminium 
employed. The newly deposited silver, being in a finely divided 
condition, serves to stabilise the ammoniacal solution containing 
the remainder of the silver present in the dissolved state, and, as 
in the experiments involving the employment of activated silver 
(compare Series IX), it imparts to the silver solution the increment 
of energy necessary for the commencement of the second reaction. 
The second reaction then proceeds to completion, the deposition 
of silver being accompanied by the evolution of nitrogen in the 
proportion of 3 atoms of silver to 1 atom of nitrogen. 

It would seem, therefore, that, in the presence of ammonia, 
caustic alkali effects precipitation of silver nitride, with small 
amounts ol silver oxide, through the formation of an intermediate 
complex, (XH^JaAgOH, according to the following equations : 

(&) (m, z )zkgm z + KOH = (NH 3 ) 2 AgOH + kno 3 , 

(Aii) {^JgAga + KOH = (NH 3 ) 2 AgOH + KC1, 

(B) 3(NH s ) 2 AgOH + 2H 2 0 = 5NH 4 0H + NAg 3 , 

(C) ^NB^J^AgOH + 33^0 = 4NH 4 0H + Ag 2 0 

(compare Bodlander and Tittig, Z . physikal. Chem., 1902, 39, 
597 ; Straub, ibid.* 1911, 77, 331). 

At 100° the reactions represented by (B) and (C) are suppressed, de- 

and separation of silver taking place according to the equation 

(D) 6{NH 3 ) 2 AgOH + 4H 2 0 = 6Ag + N 2 + 10NH 4 OH. 

B is conducted that tie first reaction takes place, in the presence 
of aluminium, accompanied by changes conveniently represented 
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by the equations given on p. 1772. The second reaction involves 
transformations represented by the equations (Ai or Aii), (B), 
(C), and (D). 

The results of Series IV and VII show that the extent of reduction 
is determined by the conditions of experiment. Thus, in Series VII, 

6 g. of silver nitrate in 75 c.c. of reaction solution are completely 
reduced by the introduction of 0*05 g. of aluminium. By the 
modifications introduced in Series VIII larger quantities can be 
reduced without explosion, and 0*05 g. of aluminium reduces 
6*694 g. of silver nitrate or 4*827 g. of silver chloride. 

Series IX shows that, in absence of aluminium, ammoniacal 
solutions of silver nitrate or silver chloride may be reduced by 
means of freshly reduced silver from Series IV, activated by heating 
in a vacuum for 3 hours at 900°, 1 g. of activated silver being 
capable of reducing 6*215 g. or 4*082 g. of silver nitrate or chloride, 
respectively. 

The continuous separation of finely divided silver in the form 
of grey, coherent masses possessing a vesicular structure is 
constantly exposing an ever-increasing surface of metal to the 
ammoniacal solution undergoing reduction. Uninterrupted contact 
between the surface of the newly deposited metal and the solution 
induces energy changes involving decay in the activity of the 
reduced, metal followed by the separation of further quantities of 
silver from the solution. Prolonged contact between the reduced 
metal and the solution ultimately brings about a marked decay 
in the activity of the reduced metal, and this change is accom¬ 
panied by the following characteristic effects. The coherent masses 
of reduced metal gradually break down to a powder, whilst the 
continued isolation of silver from the solution is ultimately brought 
to a limit beyond which no further appreciable deposition of reduced 
metal takes place. 

In the presence of relatively large amounts of ammonia, separ¬ 
ation of silver from ammoniacal silver solutions can be effected only 
when a suitable source of energy is introduced into the reacting 
system. Under given conditions of experiment, aluminium, in the 
presence of aqueous caustic alkali, may be employed to induce and 
control the production of reduced silver. When the ammoniacal 
concentration of the solution undergoing reduction has fallen to a 
certain limiting value, the concentration of the dissolved silver 
rises to a value such that it is unnecessary to supply energy to the 
reacting system: the residual ammonia is then unable to control ^ 
t*he reaction, whilst the external heat applied in order to makmln..^ 
the temperature of the''reaction, becomes more 
supply the energy necessary to allow the reaction to 
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the result that the reaction is accelerated, and ultimately proceeds 
with explosive velocity. In these circumstances, therefore, the 
employment of aluminium, in the presence of caustic alkali, is 
quite unnecessary, and can lead only to an increase in the intensity 
of the explosive effects observed (compare Baly, Ann. Report, 
1921,18, 40). 

TJniyebsity College, Nottingham. [Received, April 8th, 1927.] 


CCXXXHI .—Molecular Volumes at Absolute Zero . 
Pari I. Density as a Function of Temperature* 


By Samuel Sugden. 


During the last few years it has been shown by the author and 
others that there are several empirical relations between surface 
tension, density, and temperature which hold with considerable 
accuracy over a large range of the variables concerned. Of these, 
the most important for the present discussion are van der Waals’s 
equation ( Z . physical. Ghem 1894, 13, 716) for the variation of 
surface tension with temperature, 

y = y 0 (i~T r y*, . , . > ' . < 1 ) 

and Macleod’s relation {Trans. Faraday Soc., 1923, 18, 38) between 
surface tension and density, 


. . . . . . ( 2 ) 


In these equations, y is the surface tension, T r the reduced tem¬ 
perature, D and d are the densities of the liquid and saturated 
vapour, respectively, and y 0 and C are constants. 

The first equation has been shown to give the experimental 
values erf the surface tension of, non-associated liquids from the 
ordinary temperature to within a few degrees of the critical point 
(Sugden, J., 1924, 125, 32). Equation (2) was shown by the 
present author to hold for a large number of liquids over a wide 
range of temperature. Further, from this equation is derived the 
formula for calculating the parachor [P] where 

[P] = - d) . . . . (3) 


m - 


3±, 1177; Sugden, Reed, and Willdns, J., 1925,°127’ 

1525; : Sugden and Whittaker, ibid., p. 1868; Sugden and Wilkins' 
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ibid,, p. 2517; this voL, p. 139), and in particular provides a clear 
experimental distinction between non-polar and semipolar double 
bonds. 

These two equations, although empirical and at present not 
related to any theory of the liquid state, are supported by a con¬ 
siderable amount of experimental evidence. From them, it is 
obviously possible to deduce a number of other relationships between 
the variables concerned, including a modified form of the Ramsay - 
Shields equation (compare Ferguson, Trans . Faraday Soc., 1923,19, 
41, 407). The simplest of these is a relation between density and 
temperature 

D — d = D 0 ( 1 - T r f fl <> ...... (4) 

which is obtained by eliminating y between equations (1) and (2). 
Abundant material for testing this equation is to be found in the 
data of Young ( Proc . Roy. Soc. Dublin, 1910,12, 374), which include 
measurements of the liquid and vapour densities of 30 substances. 
For all of them equation (4) is found to hold with remarkable 
accuracy; to save space, however, the calculations will only be 
given for the liquids to which equation (1) has been applied in a 
previous communication. 

Equation (4) contains two constants, D Q and the critical tem¬ 
perature, since T r = TjT c . These were determined by calculating 
the value of (D — d) im at intervals of 40°, since this quantity is a 
linear function of temperature, and applying the method of ** zero 
sum ” (Campbell, Phil. Mag., 1920, 39, 177; 1924, 47, 816). 
The constants obtained in this manner were then used to calculate 
the density difference (D — d) at each temperature; the results 
are shown in Table I, from which it will be seen that equation (4) 
reproduces the experimental data with a high degree of accuracy—in 
general the difference between the observed and the calculated values 
of D — d is 1 part in 500 parts. A few greater deviations are found 
in the neighbourhood of the critical point, but in this region it is 
difficult to measure the density of the saturated vapour with 
precision. 


The six liquids named in Table I belong to the class of unassociated 
liquids. Table IE gives similar data for two associated liquids, viz., 
acetic acid and ethyl alcohol, and shows that equation (4) holds for 
a part of the range; above a definite temperature, however, the 
density decreases more rapidly than is indicated by the formula, 


and the critical point is reached at a lower temperature than would 
be expected from the slope of the density-temperature curve at low 
temperatures. This effect is scarcely appreciable for acetic 
but more pronounced for ethyl alcohol. Itveo^ 
that association has little or no 
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Table I. 

Variation of Density with Temperature. 


t. 

0 ° 

40 

80 

120 

160 

200 

240 

280 


D-d 

(obs.). 

0-9000 

0-8568 

0-8118 

0-7615 

0-7012 

0-6250 

0-5137 

0-2854 


Benzene. 



Chlorobenzene. 

D-d 


D-d 

D-d 


(calc.). 

Diff. 

(obs,). 

(calc.). 

Diff. 

0-8968 

-0-0032 

1-1279 

1-1237 

-0-0042 

0-8571 

+0-0003 

1*0844 

1-0845 

+0-0001 

0*8156 

+0-0008 

1-0411 

1-0420 

+0-0009 

0-7615 

+0-0000 

0-9934 

0*9944 

+0*0010 

0-7008 

-0-0004 

0-9412 

0-9416 

+0-0004 

0-6246 

-0-0004 

0-8804 

0-8795 

-0-0009 

0*5169 

+0-0032 

0-8056 

0*8057 

+0*0001 

0-2743 

—0*0111 

0-7342 

0*7378 

+0-0036 (270°) 

(obs.), 288-5. 

t e (obs.), 359-2. 


0 ° 0-7354 

40 0-6857 

0-6286 
0-6471 
0-4256 
0-3133 


80 

120 

160 

180 


Ethyl ether. 

0-7368 +0-0014. 

0-6866 +0-0009 
0-6260 - 0-0026 
0-5475 +0-0004 


0-4270 

0-3129 


+0-0014 

-0-0004 


1-0025 

0-9415 

0-8698 

0-7801 

0-6513 

0-4134 


Methyl formate. 


0 ° 

40 

80 

120 

160 

200 

240 


4 (obs.), 193-8. 

Ethyl acetate. 

0-9243 0-9235 - 0-0008 

0-8754 0-8760 + 0-0006 

0-8210 0-8217 + 0-0007 

0-7580 0-7571 - 0-0009 

0-6775 0-6767 - 0-0008 

0-5630 0-5641 + 0-0011 

0-3279 0-3296 + 0-0017 


1-0030 

0-9416 

0-8692 

0-7793 

0-6550 

0-4134 


4 (obs.), 214. 
Carbon tetrachloride. 


+ 0-0005 

+ 0-0001 

- 0-0006 

- 0-0008 

+ 0-0037 

± 0 - 0000 ( 200 °) 


4 (obs.), 250-1. 


1-6323 

1-5540 

1-4704 

1-3738 

1-2617 

1*1146 

0-8980 


1-6301 

1-5558 

1-4722 

1-3758 

1*2605 

1-1134 

0-8973 


- 0-0022 

+ 0-0018 

+ 0-0018 

+0-0020 

- 0-0012 

- 0-0012 

- 0-0007 


4 ( obs .), 283 - 15 . 

the degree of association does not change with temperature 
msMndnsmn is supported by the fact that the value of D 0 found 

V- 4 ^ that fOT * deride me^ 
&e values for the alcohols, as will be shown in the 
follow™* ■ are those to be expected from their SmpSito.^ 

Table II. 


t. 

o° 

40 

-80 

120 

160 

200 

240 

±80 


D-i, 

(obs.). 

1-0697 

1-0282 

0-9825 

0-9329 

0-8740 

0-8060 

0-7138 

6-5746 


1 with Temperature. 

Aeetic acid. 

D —d 

(Cafe.), Diff. 

1-0700 + 0-0003 

1-0288 + 0-0006 
0-9826 + 0-0001 
0-9315 - 0-0014 

0-8722 - 0-0018 

0-8020 - 0-0040 
0-7136 - 0-0002 


0-5878 + 0-0132 

4 { obs .}, 321 - 6 . 


D-d 

(obs.). 

0-8065 

0-7719 

0-7331 

0-6859 

0-6137 

0-5060 

0-2110 


(Associated liquids.) 
Ethyl alcohol. 

D-d 
(calc.). 

0-8070 
0-7720 
0-7326 


0-6876 

0-6344 

0-5682 

0-4764 


Diff. 

+ 0-0005 

+ 0-0001 

- 0-0005 

+ 0-0017 

+ 0-0207 

+ 0-0522 

+ 0-2654 


4 ( obs .), 243 - 1 . 
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The critical temperatures predicted from the density observations 
are collected in Table III and are compared with the observed values 
and also with the values deduced from the variation of surface 
tension with density (Sugden, J., 1924,125,32). It will be seen that, 
in general, the unassociated liquids give a good agreement between 
the observed and the calculated critical temperatures, whilst for 
associated liquids the observed critical temperature is markedly 
lower than that predicted from the lower part of the density curve. 

Table III. 

Critical temperature 


from from surface 

Substance. density, tension, obs. 

Benzene... 2855° 287° 288*5° 

Chlorobenzene . 358 358 359*2 

Ethyl ether . 191 193 193*8 

Methyl formate. 211 212 214 

Ethyl acetate . 248 249 250*1 

Carbon tetrachloride . 278 280 283*1 

Methyl alcohol . 279 — 240 

Ethyl alcohol .. 290 — 243* 1 

Acetic acid .. 324 — 321*6 


Since equation (4) represents the variation of density with tem¬ 
perature with great precision as the temperature increases, it is 
reasonable to suppose that it will also hold as the temperature 
decreases. The constant D 0 is therefore of considerable interest, 
since it represents the density of the supercooled liquid at absolute 
zero. The values of this constant are collected in Table IV, and if 

Table IV. 

Zero Volumes and the Parachor. 


Substance. £> 0 . V 0 . [P], [P]/F 0 . 

Benzene .. 1*0965 71*2 207*1 2*91 

Chlorobenzene . 1*3323 84*4 244-3 2*89 

Ethyl ether . 0*9616 77*1 210-0 2*73 

Methyl formate.................. 1*2863 46*7 138*0 2*96 

Ethyl acetate 1*1538 76*4 216*0 2*83 

Carbon tetrachloride ......... 2*0015 77*4 222*0 2*87 

Methyl alcohol .. 0*9936 32-3 93*2* 2*89 

Ethyf alcohol .. 0*9846 46*8 132*2* 2*82 

Acetic acid .. 1*2853 46*7 138*0* 2*96 


* Calculated from the atomic and structural constants. 

these numbers are divided into the molecular weight of the liquid, 
the molecular volume (F 0 ) at absolute zero is obtained: this will be > 
referred to as the “ zero volume. 7 ' The column headed [P] gives the c 
calculated value of the parachor for each liquid, and the fifth ^ 
column shows that the ratio [P]/F 0 is nearly constant for the 
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substances tabulated. This constancy must, however, be regarded 
as fortuitous, since from equations 1,3, and 4 it is readily shown that 

[P] = yU*V 0 ...... (5) 

For organic substances y 0 has values ranging from about 60 to 80, 
so the fourth root of this, which gives the ratio [P]/F 0 , does not vary 
much. If, however, the range is extended on the one hand to 
hydrogen, which has a small value of y 0 , and on the other hand to 
metals and their salts, which have large surface tensions, it is found 
that the zero volume is no longer proportional to the parachor. 

A relation of greater significance is exhibited in Table V, which 
shows that the zero volume is very nearly a constant fraction of the 
critical volume. The data for hydrogen are given by Onnes (Proc. 
K. Alcad. Wetensch. Amsterdam , 1914,17,528), and those for the other 
substances by Young (loc. ciL). Except in the case of hydrogen the 
ratio VJV C is very nearly constant over the whole range considered. 


Table V. 


Zero Volumes and Critical Volumes. 


Substance. 

F 0 - 

F«. 

VJVc 

Hydrogen . 

22-0 

46-9 

0-373 

Ethyl ether ..... 

77-1 

281*9 

0-273 

Carbon tetrachloride ... 

77-4 

276-1 

0-280 

Methyl formate... 

46*7 

X72-0 

0-271 

Methyl acetate .... 

61*1 

227-8 

0*268 

Methyl propionate ... 

Ethyl acetate .. 

75-5 

282-0 

0-268 

76-4 

286-3 

0-267 

Propyl formate. 

Methyl butyrate . 

76*7 

284-8 

0*269 

90*7 

340-1 

0-267 

Methyl isobutyrate ...... 

90*6 

33S-9 

0-267 

90*9 

344-3 

0-264 

Propyl aeetate ... 

.... 91*3 

345-3 

0-264 

n-Pentaae .... 

83*9 

310*3 

0-270 

isoPentane .... 

86*1 

307*0 

0*280 

Diisopropyl .. 

99*9 

357-3 

&280 

n-Heptane ... 

114*9 

427-1 

0*269 

n-Ocfeane ... 

.... 130*8 

490-7 

0-267 

Diisobutyl 

.... 116-7 

417*5 

0*280 

Benzene ............................... 

.... 71-2 

256*1 

0*278 

Jfturarobenzene . 

.... 75*1 

271*2 

0-277 

Chlorobenzene ... 

84*4 

307*8 

0-274 

Bromobenzene ... 


323*5 

0*273 


Foamube of the type of equation (1) have been suggested by 
earlier wmfesrs, Thus van dear Waals (Z. pfysilcd. Ghem 1894,13, 



>*-■ *F«(i T r )i 



oa the theory of carre^miding states. Here V and v are the 
-peeific vohnaee of vapour and liquid, respectively. Versehaffelt 
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(Commun. of Leiden, No. 28, 1896) advanced the general formula 

D-d = mD e { 1 — T r f .(6) 

making n = 0-367 for carbon dioxide. Goldhammer (Z. physical. 
Chem., 1910, 71, 577) tested this formula on Young’s density data, 
using n = 1/3 with fairly satisfactory results. It is readily shown 
that the exponent 3/10 gives results in better agreement with the 
available data than does Goldhammer’s exponent 1 /3, for (D — d) 1013 
is a linear function of temperature (see Table VI), as it should be 
according to equation (4), whereas (Z> — d'f exhibits a temperature 
coefficient which definitely increases with rise of temperature. 

Table VI. 





Temp. 


Temp. 

u 

D-d. 

(D-d)W\ 

coeff. x 10*. 
Ether. 

(D~d)K 

coefl. x 10*. 

0° 

0*7364 

0-3689 

186 

179 

197 

190 

186 

0*3976 

185 

188 

212 

216 

231 

40 

0-6867 

0-2844 

0*3237 

80 

0*6286 

0-2129 

0*2484 

120 

0*6471 

0-1340 

0-1638 

160 

0*4266 

0-0680 

0-0771 

180 

0*3133 

0*0209 

0-0308 



Ethyl acetate. 



0° 

0*9243 

0*7691 

319 

309 

302 

310 

314 

308 

0*7896 

297 

294 

294 

312 

331 

358 

40 

0-8764 

0*6416 

0*6709 

80 

0*8210 

0*6180 

0*5532 

120 

0*7680 

0*3972 

0*4356 

160 

0*6775 

0*2730 

0*3109 

200 

0*6630 

0*1473 

0-1785 

240 

0*3279 

0-0243 

0-0363 


Summary. 

1. The variation of density with temperature from the freezing 
point to the critical point is represented accurately for normal liquids 
"by the equation D — d — D 0 (l — 2 7 /2 T „) sa0 , where D and d are the 
densities of the liquid and saturated vapour, respectively, at T° Abs. 

2. This equation also holds for associated liquids over the lower 
part of the temperature range, and in some cases nearly to the 
critical point. 

3. The “zero volume, ” F„ obtained by dividing the molecular 
weight by the constant D 0 , is nearly proportional to the critical 
volume for a large number of substances. 

: Bibkbhox COeebgb {Unxvebsity or London), ' ■ 

■ Fetter Lane, E.C. 4. [Received^ Jims 10ft, 1327.] 
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CCXXXIV .—Molecular Volumes at Absolute Zero . 
Part II. Zero Volumes and Chemical Composition. 

By Samuel Suoden. 

It has been shown (preceding paper) that the influence of temperature 
on the density of a liquid is represented accurately by the equation 

D — d = 2> 0 (1 — TjTcf™. . . , (1) 

where D and d are the densities of the liquid and its saturated 
vapour, respectively, at a temperature T, and T c is the critical 
temperature. The constant D 0 is the density the liquid would have 
at absolute zero if equation (1) still held; this assumption is probably 
not far from the truth, since the coefficient of expansion decreases 
continually as the temperature falls and is already small at the 
freezing point. In general, equation (1) gives values for D 0 which 
are about 20% greater than the density at 0°, so that if sufficiently 
accurate density data over a wide range of temperatures are available, 
the extrapolation seems to be justifiable. 

By dividing this constant into the molecular weight one obtains 
the “ zero volume, ”F 0) i.e., the molecular volume of a supercooled 
liquid at absolute zero; this appears to be a very significant constant, 
for the form of equation (1) shows that zero volumes are proportional 
to the molecular volumes for a series of liquids at the same reduced 
temperature, i.e., they axe corresponding volumes. It has also been 
shown in Part I that zero volumes are nearly proportional to critical 
volumes in a number of cases in which the latter constant has been 
determined with accuracy. 

It will now be shown that zero volumes are an additive function of 
chemical composition, and can be predicted with considerable 
accuracy for a large number of substances by adding together 
suitable constants for the atoms and structures present in the mole¬ 
cule. In the tables, the zero volumes of 284 substances are recorded 
and compared with the values obtained by adding the constants 
given in Table II. For 236 substances, or 82% of the number 
studied, the difference between the extrapolated and the calculated 
values does not exceed 2%. 

The method by which D 0 is calculated from a range of density 
observations is outlined in Part I (p. 1781). It is obvious that the 
accuracy of the value found will depend on the accuracy and tem¬ 
perature range of the data employed. For most of the substances 
studied, densities accurate to 1 part in 1000 parts over a range of 40° 
or more have been used, and it is estimated that the maximum 
error in the calculation of D 0 is considerably less than \%* In a 
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few cases, the available observations covered a smaller temperature 
range, and the values of F 0 found may therefore be burdened with a 
larger error of calculation; these are indicated in the tables by 
parentheses. 

(2) Evaluation of Constants. 

The first evidence that zero volumes are simply related to chemical 
composition is given by the fact that position isomerides give nearly 
the same value for this constant. Some examples are quoted in 
Table I, and others will be found in the tables which follow. 


Table I. 


Position Isomerides. 


c 2 h 4 o 2 . 

r 0 - 

c 8 H l0 . 

v» 

Methyl formate... 

... 46-7 

Ethylbenzene . 

... (99*3) 

Acetic acid . 

... 46-7 

o-Xylene .. 

... (98-9) 

CsHigO-j. 

Ethyl n-heptoate . 

d-/}-Butyl n -valerate ... 


w- \.. 

P- » .. 

... (09-1) 
... (100-7) 

... 149*6 
... 150*8 

c 8 h„o. 


d-£-Hexyl propionate ... 

... 149*7 

Phenetole .. 

... 105*5 

d-jS-Heptyl acetate . 

... 150*5 

m-Tolyl methyl ether ... 

... (103*9) 



P- 99 99 99 

... (104*0) 


It was next found that several homologous series (hydrocarbons, 
alkyl halides, ethers, esters, ketones, aldehydes, and amines) gave 
very nearly a constant difference in zero volumes for a difference in 
composition of CH 2 ; the values found for this constant ranged from 
14*2 to 14*9 in different series with a weighted mean of CH 2 = 14*5. 
From this value, the constant for hydrogen was obtained by sub¬ 
tracting tiCH 2 from a series of observations for the paraffins C n H 2 n+ 2 , 
the mean value being H == 6*7, whence C = 1*1. These fundamental 
constants were then employed to evaluate the constants for other 
elements and structures. 

It soon became apparent that the analysis of zero volumes could 
be carried out with the same simplicity as is met with in the case of 
the parachors (Sugden, J., 1924, 125, 1177). With one or two 
exceptions (see p. 1796), the same constant serves for a particular 
atom in all its compounds, and the same constant for a particular 
structure, no matter what elements are taking part in it. Thus a 
double bond has the same value in ethylene derivatives, ketones, 
esters, and benzene derivatives; the last can all be expressed 
satisfactorily on the basis of the Kekule formula. The most 


probable values for a number of atomic and structural constants are 
collected in Table II. ■ - 

A clear distinction is also shown between the twd^ 
bond which have already been differentiated' fey 
parachor (Sugden, Reed,'and Wilkins, 
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Table II. 

Atomic and Structural Constants. 

Atomic constants. Atomic constants. Structural constants. 


H = 6*7 I = 28-3 Triple bond = 15*5 

C — 1-1 P — 12*7 Double bond = 8*0 

N = 3*6 S = 14*3 3-Membered ring = 4*8 

O = 5*0 O (in alcohols) = 3*0 4-Membered ring = 3*2 

F = 10*3 N (in amines) = 0*0 o-Membered ring =1*8 

Cl =s 19*3 6-Membered ring = 0*8 


Br =s 22*1 Semipolar double bond = 0*0 

is demonstrated by the data in Table HE, hi which the column 
headed SF 0 gives the sum of the atomic and structural constants 
for the substance considered except that for the linkage to be 
determined. By subtracting SF 0 from F 0 (obs.) the value shown 
in the last column for each type of double bond is obtained. It will 
be seen that, whilst a non-polar double bond gives a nearly constant 
increase of 8*0 c.c. in the zero volume, a semipolar double bond gives 
a constant which fluctuates about a value of zero. 


Table HI. 


(i) Non-polar double bonds. 


Double 


Substance. Formula. V e (obs.). 5U 0 . bond. 

Ethylene ........ OH 4 37*4 29*0 8*4 

Propylene .*. C 3 H 6 51*7 43*5 8*2 

Benzene ..,. € 6 H 8 71*2 47*4 7*9x3 

Toluene .. 0 7 H 8 86*7 61*9 8*3x3 

Acetone ... C 3 H 8 0 56*0 48*5 7*5 

Acetylaeetone .. C 5 H 8 0 2 84*5 69*1 7*7x2 

Methyl formate..... C 2 H 4 0 2 56*7 39*0 7*7 

Ethyl acetate .. C 4 H 8 0 2 76*4 68*0 8*4 


(ii) Semipolar double bonds. 


Thienyl chloride ... SOCl 2 58*0 58*1 -0*1 

Sulphuryl chloride. S0 2 O 2 62*6 63*1 —0*25x2 

Methyl sulphate .. CjH 6 S0 4 78-5 75-9 4*1*3 X2 

Ethylsulphite .......... C 4 H 10 SO 3 101*1 100*9 *0*2 , 

Ethyl ethanesulphortate ... „ 96*7 ,, — 2-1 >(2 

Ethyl sulphate . C 4 H 18 S0 4 107*3 103*9 4-1*7 x 2 

Nitrobenzene.. € 8 H 5 N0 2 87*0 85*8 +1-2 

Phosphorus oxychloride ... POCl 3 73*4 75*4 —2*0 

Ethyl phosphate -...... C^PO* 140*5 139*6 +0-9 

Phenyl phosphate .. C I8 H 15 P0 4 (230*2) 226*8 +3*4 

Nitric acid.. BNO a 32*7 * 33*3 —0*6 

Sulphuric acid . ; HaSOi 47*1 47-7 —0*3x2 

Perchloric acid ... HC10 4 45*7 46*0 —0*1x3 


,, It is noteworthy that the existence of the two types of double 
bond is now demonstrated by three independent lines of experi¬ 
mental evidence: (1) The different effect produced by these 
linkages on the parachor (Sugden, Bead, and Wilkins, loc. ciL}> 
(2) "the evidence from the optical activity of certain sulphur com¬ 
pounds which contain semipolar double bonds (Phillips, J., 1925, 
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127 , 2552; 1926, 2079; this vol., p. 188), and (3) the effect of these 
two link ages upon the zero volume. The last of these methods has 
the advantage that it is applicable to associated liquids and shows 
(compare Table III) that free nitric, sulphuric, and perchloric acids 
contain, respectively, one, two, and three semipolar double bonds 
in accordance with the requirements of the octet theory of valency. 

(3) Normal Liquids . 

In this and the following section a comparison is made between 
the values of F 0 (obs.) derived from the density data and the pre¬ 
dicted figure, F 0 (calc.), obtained by adding together the constants 
recorded in Table 31. The column headed “ Observer ” gives 
initials only; full references are given on p. 1797. 

Table IV gives the data for hydrocarbons. 

Table IV. 

Hydrocarbons. 


- Diff.j 


Substance. 

Formula. 

Observer. 

(obs,). 

(calc.). 

%• 

1. Acetylene . 

CjH a 

M. & W. 

31*6 

31*1 

— 1*6 



Math. 

32-0 

99 

-2*8 

2. Ethylene. 

CA 

M. &W. 

37*4 

37*0 

-1*1 

3. Ethane . 

c s H 8 

»* 

41*4 

42-4 

+2*4 

4. Allylene ... 

C.H, 

99 

44*3 

45*6 

+2*9 

5. Propylene .. 

C»H, 

99 

51*7 

51*5 

—0*4 

6. Propane .... 

cja 8 

99 

56*2 

56*9 

+1*3 

7. n-Butane .... 

c 4 h 10 

Wiss. 

69*6 

71*4 

-2*6 

8. n-Pentane ... 

c s h“ 

Y. 

83*9 

85*9 

+2*4 

9. isoPentane ... 



86*1 

99 

-0*2 

10. Benzene ..... 

C.H, 


71*2 

71*4 

+0*3 

» ... 

99 

P. 

70-6 

99 

+1*2 

11. Methylcycfopentane . 

CeH ls 

K. 

(88*3) 

88*8 

+0*6 

12. cycZoHexane .. 

99 

JT. 

86*7 

87*6 

+ 1-0 

» ... 

» 

Y. 

86*0 

99 

+ 1-8 

13. n-Hexane . . 

c 8 h m 


100*8 

100*4 

-0*4 

14. Biisopropyl . 

>» 


99*9 

»> 

+0*5 

15. Toluene .... 

C,H, 


86*7 

85*9 

-0*9 

t* 

if 

P. 

86-2 

ft 

-0*3 

15. MethyloycZohexane ... 

C,H» 

K. 

102*6 

102*1 

-0*5 

17. n-Bfeptane ... 

C,H„ 

Y. 

115*7 

114*9 

-0*7 


*f 

P. 

116*2 

ft 

-1*2 

18. Ethylbenzene .. 

c 8 H „ 

» 

(99*3) 

100*4 

+H 

19. o-Xylene .... 

»f 

99 

(98*9) 

99 

+1*5 

20. m- „ .... 

99 

99 

(99*1) 

99 

+P3 

21. p- ,, .. . 

a 

99 

(100*7) 

ft 

*—0*3 

22. 1 : 1 -Dime thylc?/cZohexane 

C 8 H„ 

K . 

(117*4) 

116*6 

:-o*7 

23. n-Octane ... 

c 8 h 18 

Y. 

130*8 

129*4 

-1*0 

24. Diisobutyl ... 

ff 

99 

130*9 

'hf 

—1*1 

25. ^-Cumene ... 

26. Cumene ..... 

C 9 H 13 

99 

P. 

99 

113*4 

(113*8) 

114*9 

+1*4 

+P0 

27. Mesitylene ... 

C,H„ 

P. 

115'0 

114*9 


28* 7i-Propylbenzene ............ 



(113-8^ 

'-vv, 


29. p-Cymene .. 

30. isoButylbenzene ............ 

CioHu 


jat 

If 

mm 
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It may be noted that the densities of 

diisobutyl quoted by 

Landolt-Bornstein (4th edn., 1912, p. 

154) are wrongly transcribed 

from Young’s paper; the figures given are 

the densities of cyclo- 

hexane which appear on 

the adjoining page. 




Tables V, VI, VII, and VIII are self-explanatory. 

Some marked 


Table V 





Halogen Derivatives. 

.. . V 

r 

© 


Substance. 

Formula. 

Observer, (obs.). 

(calc.). 

» 

"*1 

31. Carbon, tetrachloride.... 

. CC1 4 

Y. 

77-4 

78*3 

fm- 

32. Methylene iodide . 

...... CH,Ij 

P. 

68*4 

71*1 


33. Acetylene tetrachloride 

... CACU 

J. 

87*7 

92*8 

+5*8 

34. „ tetrabromide 

... 

» 

100*9 

104*0 

+3-1 

35. Ethylene dichloride .... 

...... CsHiCl* 

»* 

62-8 

67*6 

+ 7*7 



P. 

62*8 

»» 

+7*7 

36. Ethyl iodide ... 

...... CjH 5 I 

f* 

64*2 

64*0 

—0*3 

37. n-Propyl bromide . 

. C a H ? Br 

t* 

71*6 

72-3 

+ 1*0 

38. 'p-Dichlorobenzene .... 

. C«H 4 C1 2 


96*8 

96*6 

c—0*2 

39. Fluorobenzene .. 

.c 8 h 5 f 

Y. 

75*1 

75*0 

-0*1 

40. Chlorobenzene ......... 

. C 6 H 5 C1 

9t 

84*4 

84*0 

—0*4 



P. 

83*2 


+ 1-0 

41. Bromobenzene .. 



87*9 

86*8 

—1*3 

»» .......... 


Y. 

88*3 

ff 

-1*7 

42. Iodobenzene .. 

.c € h 5 i 

»» 

95*5 

93*0 

-2*6 



P. 

94*1 

>» 

-1*2 

43. p-Fluorobromobenzene 

...... C 8 H 4 FBr 

J. 

90*8 

90*4 

-0*4 

44. ^-CWorobromobenzene. 


S. 

99*1 

99*4 

+0*3 

45. p-Chloroiodobenzene.... 

.c«h 4 ch 


102*9 

105*6 

+2*6 

46. m-Fluorotoluene ....... 

...... c 7 h 7 f 

J. 

90*2 

89*5 

-0*8 

47. p-Bromotoluene ... 

. C;H,Br 

P. 

102*3 

101*3 

-1*0 

48. p-Iodotoluene .......... 

...... c 7 h 7 i 

s. 

109*6 

107*5 

-1*9 

49. n-Octyl chloride ....... 

.C^ci 

p. 

140*4 

142*0 

+ 1-2 

50. w-Octylbromide ....... 

.. C 8 H 17 Br 

»» 

144*7 

144*8 

+0*1 

51. n-Octyl iodide ... 

.. C 8 H„I 

» 

150*4 

151*0 

+0*4 


Table VI. 





Ethers. 








V 

r 

9 

Biff., 

Substance. 

Formula. 

Observer, (obs.). 

(calc.). 

%* 

52. Ethylene oxide .. 

. CAO 

M.&B. 

37*7 

38*8 

+2*9 

53. Epiehlorohydrin .. 

. C 3 H 5 0C1 

JT. 

63*6 

65*9 

+3*6 



s.&w 

. 65*5 

99 

+0*7 

54. Ethyl ether ............. 

. C 4 H ie O 

Y. 

77*1 

76*4 

-0*9 

55- Paraldehyde ... 

. C 8 H lt 0 3 

P. 

(106*4) 

102*6 

-3*6 

56. Acetal ..... 

. C,H u O, 

W. 

112*2 

110*4 

-1*7 

57« Anisole ... 

. C,HjO * 

P., Sch 

. 90*8 

90*9 

+0*1 

58* Phenetole .... 


»* 

105*5 

105*4 

-0*1 

. » ... 


B. 

104-2 


+ 1*2 

59. m-Polyl methyl ether , 


P. 

(103*9) 


+ 1*5 

tt " " ” 



(104*0) 


+ 1*4 

61. Veratrole .. 


J. 

106*1 

110*4 

+4*1 

62. Iftmethyiresorcinol .... 

..... 9f 

P. 

109*2 


+ 1*1 

63. Phenyl propyl ether .... 



(117*9) 

119*9 

+ 1-7 

64. Phenyl isopropyl ether . 



(117*5) 


+2*0 

65. Phenyl octyl ether .... 


if 

(188*7) 

192*4 

+1*9 
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deviations occur in compounds containing several halogen atoms, 
e.gr.,* ethylene dichloride (No. 35) and acetylene tetrachloride (No. 
33). Since, however, carbon tetrachloride gives a satisfactory 
agreement, it is probable that these discrepancies are due to errors 
of observation. The long series of esters in Table VIII gives a test 
of accuracy of the additive properties of V 0 over a large range of 
molecular weight, and affords, in general, excellent support for the 
views now advanced. 

Table VII. 


Aldehydes and Ketones. 


% DifL 


Substance. 

Formula. 

Observer. 

(obs.). 

(calc.). 

%• 

66 . Acetone . 

.. c 3 h 6 o 

B. 

56-0 

56*5 

+0*9 

67. Methyl ethyl ketone .. 

, . C 4 JHL gO 

T. & J. 

71-8 

71*0 

- 1*1 

68 . Furfural . 

.. C 5 H 4 O a 

W. 

68-5 

68*1 

- 0*6 


• • 99 

J. 

68-7 

9 9 

-0*9 

69. Acetylacetone . 

c 5 h 8 o 2 

„ 

84*5 

85*1 

+0*7 

70. Methyl propyl ketone ... 

71. Diethyl ketone . 

.. c 5 H 10 o 

•• 99 

T.& J. 

99 

85*2 

84*3 

85*5 

99 

+0*4 
+ 1*4 

72. Ethyl acetoacetate . 

.. C 6 H 10 O 3 

P. 

103*8 

104*6 

+ 0*8 

73. Benzaidehyde . 

.. c 7 h 6 o 

39 

85*3 

85*5 

+0*3 

74 , Dimethylacetylacetone ... 

•• C 7 H 12 0 2 

99 

111*6 

114*1 

+2*3 

75 . Dipropyl ketone . 

*. c 7 h 14 o 

99 

113*9 

114*5 

+0*5 

76. Acetophenone ... 

77. Benzylideneacetone . 

.. C 8 H 8 0 

99 

97*8 

100*0 

+ 2*2 

.. C 10 H 10 O 

99 

123*8 

123*6 

—0*2 

78. Benzophenone . 

.. C ls H 10 O 

99 

141*3 

143*5 

+ 1*6 


Table VIII. 
Esters. 


Substance. Formula. 

79. Methyl formate.. C 2 H 4 0 2 

80. Methyl acetate . CgHgOa 

81. Ethyl formate. „ 

82. Methyl propionate .. C 4 H 8 0 2 

83. Ethyl acetate .. ,, 

» »» ............... ,, 

84. n-Propyl formate . „ 

85. Methyl n-butyrate . C 5 H 10 O 2 

86. Methyl isobutyrate .. 

87. Ethyl propionate . „ 

88. Propyl acetate .. „ 

89. Ethyl carbonate .. C 5 H J0 O 3 

90. Methyl maleate. C 6 H 8 0 4 

$1. Methyl fumarate .. „ 

92. d-/3-Butyl acetate .. C 6 H 12 0 2 

93. Methyl citraeonate ...... C 7 H 10 O 4 

94. Methyl mesaconate ...... ,, 

95. Ethyl eyciobutanecarb- 

oxylate ......C 7 Hj^O a 

96. d-£-Butyl propionate ... C 7 H 14 0 2 

97. Methyl benzoate ......... G s H 8 0 2 

98. Phenyl acetate „ 

99. d-£-Butyl n-butyrate ... CgH 16 0 2 

100, d-|8-Hexyl acetate .. „ 



V 

0 





Diff., 

Observer. 

(obs.). 

(calc.). 

%* 1 

Y. 

46*7 

47*0 

+ 0*7 

99 

61*1 

61*5 

+0*7 


61-9 

99 

—0*7 

99 

75*5 

76*0 

+0*7 

99 

76*4 

99 

-0*5 

w. 

75*9 


+0*1 

Y. 

76*7 

99 

-0*9 

99 

90*7 

90*5 

-0*2 

99 

90*6 

99 

-0*1 

99 

90*9 

39 

-0*4 

99 

91*3 

99 

-0*9 

S.R.&Wr 98*2 

95*5 

-2*7 

S.&Wh. 

103*8 

104*2 

+0*4 

99 

107*5 

99 

-3*2 

P.&K. 

106*1 

105-0 

-1*1 

S. & Wh. 

117*1 

118-7 

+ 1*4 

99 

116*0 

99 

+ 2*3 

S. & w. 

108*5 

109*3 

+0*7 

P. & K. 

121*5 

119*5 

-1*7 

■ P. ; 

(104*3) 

105*0 

, +0*7 

» ■ ■ 

104*8 

99 

+gjhj* 

P, &K. 

134*4 

134*0 


ip 

135*5 

> 





































1792 STJGBBN : MOLECULAR VOLUMES AT ABSOLUTE ZERO. 


Table VIII (contd.) 


Substance. 

101. Ethyl 1-cyanoct/cZo- 

butane- 1-carboxylate... 

102. Ethyl benzoate . 

103. Ethyl et/cfcpropane- 

1; 1 - dicarboxvlate ... 

104. Ethyl ct/clopropane- 

1: 2-dicarboxvlate ... 

105. Ethyl n-heptoate .. 

106. d-£-Butyl n-valerate. 

107. d-£-Hexyl propionate ... 

108. d-p-Heptyl acetate . 

109. Methyl einnamate .. 

110. Methyl oSocinnamate ... 

111. n-Propyl benzoate.. 

112. isoPropyl benzoate .. 

113. Ethyl o-toluate .. 

114. Ethyl p-toluate .. 

116. Ethyl phenylaeetate ...... 

116. Ethyl o~methoxy benzoate 

117. Ethyl m-methoxybenzo- 

118. Ethyl anisate.. 

119. Ethyl cydobutane-1 : 1- 

dicarboxylate... 

120. d- j3-Buiyl n-hexoate ...... 

121. d-/?-Hexyl n-butyrate ... 

122. d-j3-Heptyl propionate ... 

123. d-j3-Octyl acetate .. 

124. Methyl a-bromociimam - 

ate ... 

125. Methyl a-bromoallo- 

cinnamate . 

126. Methyl jS-bromocmnamate 

127. Methyl fi-bromoallo- 

cinnamate .. 

128. Ethyl einnamate . 

129. Ethyl benzoylacetate ... 

130. Ethyl phenylpropionate 

131. n-Butyl benzoate . 

132* woButyl benzoate ......... 

133. Ethyl p-isopropylberizo- 

ate ..... 

134. Ethyl caronate ... 

135. <2-j3-Bniyl n-heptoate ... 

136. d-j3-Hexyl n-vai-erate 
137* <£-j3-Heptyl n-butyrate ... 

138. d-j 5-Octyl propionate ... 

139. Ethyl jithalate............ 

140. Ethyl terephthalate ...... 

141* d-jS-Butyl n-octoate ...... 

142. d-£-Hexyl n-hexoate. 

143. d-fi-JELep tyl n-Valerate ... 

144. d-8 -Octyl n-butyrate ... 
145* Pbtmyl carbonate ......... 

146* Ethyl a-naphthoate ...... 

147. Ethyl P-naphthoate ...... 

148* Phenyl n-heptoate . 

149. 4-jS-Butyi n*-ncaioate ...... 

150. «£-jff-Hexyl n-heptoate ... 




f' *■ 


Din., 

Formula. 

Observer, (obs.). 

calc.). 

%* 


s .& w . 

122-5 

122*8 

+ 0-3 

C 9 Hi 0 O 2 

P. 

( 119 - 0 ) 

119*5 

+ 0*4 

c,h 14 o 4 

s .& w . 

145-4 

144-5 

— 0*6 


9 9 

146-0 

148*5 

- 1*0 

CaHjgOst 

P. 

149-6 

- 0*7 

tt 

P. & K. 

150-8 

99 

- 1*5 

99 

99 

149-7 

99 

- 0*8 

99 

99 

150-5 

99 

- 1*3 


S. & Wh. 

127-5 

128-6 

4 - 0*9 

»» 

„ 

124-3 

99 

4 - 3-6 

^10^12^2 

P. 

( 183 - 5 ) 

134*0 

4 - 0-4 

99 

99 

( 136 - 6 ) 

99 

- 1-9 

»» 

99 

( 131 - 7 ) 

99 

+ 1*7 

99 

99 

( 133 - 3 ) 

99 

-|- 0*6 

99 

99 

( 130 - 2 ) 

99 

+ 2-8 


99 

( 135 * 1 ) 

139*0 

4 - 2*9 

99 

99 

( 137 * 1 ) 

99 

' + 1* 

99 

99 

( 136 - 7 ) 

99 

4-1*7 

C 10 Hi®O 4 

s .& w . 

158-4 

157-4 

- 0-7 

CxoH^O, 

P.&K. 

164-8 

163*0 

-1*2 

97 

» 

161*2 

»> 

+ 1-2 

97 • 

99 

164-7 

99 

+ M 

99 

99 

164-6 

99 

4 - 1*0 

C 10 H*O t Br S* & Wh. 

138-7 

136-0 

— 2*0 


99 

140-4 

99 

- 3-2 

9* 

99 

139*5 

97 

- 2-5 

J} 

99 

142-4 

97 

- 4*7 


P.. 

141-9 

143-1 

4 * 0*8 

CiAA 

99 

145*6 

148-1 

4-1*7 

^11^14^2 

. 99 

146-7 

148-5 

4 - 1*2 

99 

99 ■ 

( 147 * 4 ) 

79 

4 - 0*7 

99 

» 

( 148 * 5 ) 

99 

± 0-0 

99 

» 

( 149 * 5 ) 

99 

- 0*7 


S.&W. 

171*4 

173*5 

+ 1-2 

^11^22^2 

P, & K. 

179*6 

177-5 

- 1-2 

97 

99 

179*0 

99 

- 0-9 

99 

99 

179*7 

99 

- 1*2 

99 

.■ 99 :■ 

177*6 

99 

- 0*1 

CigHiiO* 

P. 

168*0 

167*6 

- 0*3 

99 

» 

168-2 


- 0-4 


P.&K. 

195-5 

>-» 

CO, 

bp 

o 

-1*8 

JJ 

99 

194*0 

99 

- 1*0 

99 

99 

194-1 

99 

- 1-1 

99 

99 

194-2 

99 

- 1*1 

CiJS-ujOs 

S.R.&W. 

, 157-2 

163-6 

- 2*4 

c 13 h 12 o 2 

P. 

151-9 

163-9 

+ 1*3 

99 

99 

152*7 

99 

+ 0-8 

c 13 h X8 o 8 

99 

175*5 

177-5 

+ 1*2 

Ci S H 26 0 2 

P.&K. 

207*3 

206*5 

- 0*4 

99 

99 

207*6 

» 

- 0-5 
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Table VIII ( contd .) 


Substance. Formula. 

r ' ■“ 

Observer, (obs.). 

(calc.). 

Diff., 

%• 

151. d-j3-Bfeptyl n-hexoate ... C 12 H 26 0 2 

P.&K. 

210-2 

206-5 

-1-8 

152. d-j8-Octyl n-valerate . „ 


209-5 

99 

-1-5 

153. d-j9-Undecyl acetate. . 


207-6 


-0-5 

154. d-jS-Hepiyl n-heptoate ... C 14 H 2fi 0 2 

>» 

223-2 

221-0 

-1-0 

155. d-/?-Octyl n-hexoate . „ 


223-3 



156. d-j3-TJndecyl propionate... „ 

99 

222-6 

206-6 

—0*7 

157. n-Octyl benzoate . C 15 H 22 0 2 

P. 

(203-4) 

4-1*6 

158. Ethyl C 2 /cZopropane- 

1:1:2: 2-tetracarb- 

oxylate . C 15 H 22 O s 

s . & w . 

242-0 

240-7 

-0-5 

159. d^S-Butyl n-undecoate ... C 1K H 30 O 2 

P.&K. 

237-2 

235-5 

-0-7 

160. d-jS-Hexyl n-nonoate...... „ 


236-3 

M 

-0-4 

161. d-j8-Heptyl n-octoate ... „ 


238*1 


-1-1 

162. d-j9-Oetyl n-heptoate ... „ 


237-0 

99 

-0-7 

163. d-j3-Undecyln-butyrate... „ 

99 

236-5 


-0*4 

164. d-j8-Butyl n-dodecoate ... C 16 Ha„0 2 


252-1 

250-0 

-0*8 

165. d-j9-Heptyl n-nonoate ... „ . 


252-2 


-0-9 

166. d-/?-Octyl n-octoate . „ 


251-5 


-0-6 

167. d-jS-Undecyl n-valerate ... „ 


260-8 

264-5 

-0-3 

168. d-/?-Hexyl n-undecoate ... C 17 H 2d 0 2 


264-5 

±0*0 

169. d-jS-Octyl n-nonoate . „ 

170. d-/MJndecyl n-hexoate ... ,, 


266*8 

• »> 

-0-9 


265-2 

f 

-0-3 

171. d-jS-Butyl myristate . C 18 H 36 0 2 


280-2 

279-0 

-0-4 

172. d-j5-Hexyl n-dodecoate ... „ 

yy 

278-7 


+0*1 

173. d-/?-Heptyl n-undecoate „ 

yy 

280*0 

yy 

-0*4 

174. d-j8-Undeeyln-heptoate... „ 

yy 

279*7 

yy 

-0-3 

175. d-j3-Heptyl n-dodecoate... C 19 H 88 0 2 

yy 

296-6 

293*5 

-1*0 

176. d-jS-Octyl n-undecoate ... „ 

yy 

294-2 


-0*2 

177. d-0-Butyl palmitate . C 20 H 40 O 2 

yy 

307-1 

308-0 

+0*3 

178. d-0-Hexyl myristate . „ 

it 

307-3 

99 

+0*2 

179. d-jS-Octyln-dodecoate ... „ 

97 

308-3 

99 

-0*1 

180. d-jS-TJndecyl n-nonoate ... „ 

yy 

307*7 

99 

+0-1 

181. d-0-Heptyl myristate.. C 21 H 42 0 3 

yy 

323*1 

322-5 

-0-2 

182. d-/?-Butyl stearate. C 22 H 44 0 2 

yy 

334-7 

337-0 

+0-7 

183. d-j3-Hexyl palmitate . „ 

yy 

337-0 

99 

±0*0 

184. d-jS-Oetyl myristate . „ 

77 

337-6 


-0-2 

185. d-j3-Undecyl n-undecoate „ 

yy 

335*1 


+0-6 

186. rf-S-Heptylpatoitate. C 28 H le O, 

77 

352-3 

351*5 

-0*2 

187. d-j3-Undecyl n-dodecoate „ 

yy 

349-9 


+0-5 

188. d-/3-Hexyl stearate . C 24 H 48 0 2 


360-6 

366-0 

+ 1-5 

189. d-/?-Octyl palmitate ...... „ 


376-1 


-2-8 

190. d-j3-Heptyl stearate . C 25 H 60 O 2 


377-2 

380-5 

+0-9 

191. d-£-Undecyl myristate ... „ 


377*2 

395-0 

+0-9 

192. d-jS-Octyl stearate .. C 28 H 52 0 2 

77 

403-9 

-2-2 


Table IX contains the data for a number of nitro-compounds for 

which the structure —, containing one .non-polar and one 

semipolar bond, has been assumed., If both the double bonds were 
non-polar, the value of F 0 (calc.) would have to be increased by 8*0 
c.c. and would be much larger than the experimental figures. 

The nitriles in Table X are assumed to have the structure — 
which is confirmed by the good agreement between the observe^ 
the calculated values. The same conclusion has been readied- liJj? 
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study of the parachor of a number of nitriles (Sugden and Wilk i ns, 
loo. cit.),ao that Langmuir’s assumption of a special structure con¬ 
taining two kernels within one octet is unnecessary. 


Table IX. 


Nitro-compounds. 


Substance. 

Formula. 

V 

Observer, (obs.). 

0 

(calc.). 

Difi., 

%• 

193. Nitromethane . 

.... CHjOjN - 

W. 

42*6 

42*8 

+0*5 



J, 

42-9 

» 

—0*2 

194. Ethyl nitrate ........... 

.... c 2 h 5 o 3 n 

w. 

64*6 

62*3 

+3*5 

195. Nitrobenzene . 

.... C 6 H 5 0 2 N 

Y. 

88*0 

86*3 

-1*9 



W. 

86*0 


4-0-4 

196. m-Fluoronitrobenzene 

... c 6 h 4 o 2 nf 

J. 

89*7 

89*9 

4-0*2 

197. p -Fluoronitrobenzene 

... »> 

» 

89*0 

ft 

4-1-0 

198. o -Chloronitrobenzene 

... c 6 h 4 o 2 nci 

S.&W. 

97*8 

98*9 

4*1*1 

199. m- „ 

... „ 

ft 

97*9 


4-1*0 

200. p- ‘ „ 

ft 

J. 

102*1 

■ *r 

-3*2 

201. o-Bromonitrobenzene 

... CgH.O^NBr S.&W. 

100*9 

10+7 

4-0*8 

202. m- „ 



102*0 


-0*3 

203. p* 


ft 

103*3 

tt 

— 1*6 

204. o-Nitrotoluene . 

.... c ? ix 7 o 2 n 

ft 

99*3 

100*8 

4-1*5 

205. w- „ . 

• ••• » 

ft 

100*0 

tt 

+0*8 

206. p- „ . 

.... »» 


102*2 

„ 

-1*4 


Table X. 
Nitriles. 


' Substance. 

Formula. 

Observer, (obs.). 

(calc.). 

Diff., 

%• 

207. Acetonitrile ... 

... c 2 h 3 n 

W. 

40*6 

41*4 

4-1*9 

208. Malononitrile . 

... C s H 2 N a * 

w. & s. 

52*3 

54*9 

+5*0 

209. Propioniiarile,..... 

210. Methyl eyanoaceiate ... 

211. Ethylcyanoacetate...... 

... c 3 h 6 n 

w. 

55*3 

55*9 

+ 1*2 

... c 4 h 5 o 2 n 

J. 

74*4 

75*0 

+ 0*8 

... c 5 h 7 o 2 n 

ft 

88*2 

89*5 

+ 1*5 

» 99 ...... 

... » 

w.&s. 

87*8 


+ 1*9 

212. Benaonitrile ... 

... c 7 h 5 n 

w. 

85*6 

84*9 

— 0*8 

213. Phenylaeetonitrile . 

... c 8 h 7 n 

99 

97*1 

99*4 

+ 2-3 

214. o-Totuonitrile .. 

... f, 

... >» 

S.&W. 

100*6 


-1*2 

215. m- „ ... 

99 

100*3 

99 

-0*9 

216. p- ,, 

'*• JJ 

99 

101*1 

99 

-1*7 


Table XI. 


Phosphorus Compounds. 


Substance. 

317. Phosphorus trichloride .. 

318. Phosphorus tribromide 
210. Phosphorus oxychloride 
220. Trietibyl phosphate 
321, TriphiyIphosphine .. 
222. Triphenyl phosphate 


^ '---Biff., 

Formula. Observer, (pbs,). (calc.). %. 

69*6 70*6 +1*4 

78*6 79*0 4-0*6 

73*4 76*6 + 3*0 

140*5 139*8 -0*5 

„ - 206*4 206*8 +0*2 

Ci 8 H 13 0 4 P S.R.&W. (230*2) 226*8 -1*5 


PCI, 
FBr s 
POCl* 

-- '-'is+ijP 


Th. 

S. R.&W. 


W. & S. 
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Tables XI and XII record data for a number of compounds of 
phosphorus and sulphur. A good agreement between V 0 (obs.) 
and F 0 (calc.) is found in most cases, both in compounds containing 
only non-polar linkages and in those containing semipolar double 
bonds. 

Table XII. 

Sulphur Compounds. 


F 0 

,-‘-* Diff., 

Substance. Formula. Observer, (obs.). (calc.). %. 

223. Thionyl chloride . SOCl 2 S.R.&W. 58-0 57-9 -0-2 

224. Sulphuryl chloride . S0 2 C1 2 „ 62*6 62*9 +0*5 

225. Sulphur monocbloride ... S 2 C1 2 J. 67*1 67*2 4-0*1 

226. Carbon disulphide.. CS 2 „ 48*2 45*7 +5*1 

227. Methyl thiocyanate . C 2 H 3 NS W. 54*9 55*7 4-1*5 

228. Methyl sulphate . C 2 H 6 0 4 S S. R. &W. 78*5 76*7 —2*3 

229. Thiophen . C 4 H 4 S J. 63*5 63*3 -0*3 

230. Ethyl sulphite . C 4 H 10 O 3 S W. & S. 101*1 100*7 —0*4 

231. Ethyl ethanesulphonate „ „ 96*7 „ 4-4*0 

232. Ethyl sulphate . C 4 H 10 O 4 S S. R. <&W. 107*3 105*7 —1*5 

233. Thiophenol. C 6 H c S W. & S. 85*6 85*7 4-0*1 

234. Diphenyl sulphide. C 12 H 10 S P. 143*0 143*7 +0*5 

235. Dibenzyl sulphide . C 14 H 14 S „ 170*8 172*7 4-1*1 


(4) Associated Liquids. 

It has been shown (preceding paper) that acetic acid and ethyl 
alcohol deviate from the requirements of equation (1) at high 
temperatures, but that at lower temperatures they give a satis¬ 
factory agreement. For acetic acid, in fact, the deviation only 
becomes appreciable in the neighbourhood of the critical tem¬ 
perature; it is therefore to be expected that the value of V 0 
calculated from density observations at lower temperatures will be 
reproduced by adding together suitable constants from Table II. 
The data in Table XIII show that this is substantially true for a 
number of acids. 

Table XIII. 

Acids. 



DiE., 


Substance. 

Formula. 

Observer, (obs.). 

(calc.). 

% 

236. Fonnic acid... 

. ch 2 o 2 

W. 

30*7 

32*5 

- 4*S*8 

237. Acetic acid .... 

. c 2 h 4 o 2 

Y. 

46*7 

47-0 

4*0*7 

238. Monochloroacetic acid .. 

. C 2 H*0 2 C1 

J. 

56*4 

59*6 

+5-7 

239. Dichloroacetic acid ,.... 

. 0^0*01* 


69*1 

72*2 

4-4*4 

240. Trichloroacetic acid .,... 

. C 2 H0 2 C1 s 


83*3 

84*8 

+V$ 

241. Propionic acid ... 

. c 3 h*o 2 

P. 

60*8 

61*5 

4-1-2 

242. n-Heptoic acid .. 

* C 7 H 14 O a 

99 

118*3 

119*5 

■+.1^ 

243. Nitric add 

. hno 3 

V. & M. 

32*7 

33*3 

4* i#'>' 

244. Sulphuric acid .. 

. H a S0 4 

W. 

47*1 



245. Perchloric acid .. 

. HC10 4 

WJU 

45*7 

:;.l- 
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For the alcohols, association appears to produce a small con¬ 
traction in volume, and with the exception of methyl and ethyl 
alcohols the observed values are satisfactorily reproduced (Table 
XIV) by giving oxygen the value 3*0 in alcohols instead of the usual 
value O = 5-0. A somewhat larger contraction is found for amines 
(Table XV), for which N = 0 is used instead of 3*6 as in other 
nitrogen compounds. This contraction in zero volume is probably 
not a real change in volume but may be accounted for as follows. 
It seems probable from the behaviour of acetic acid and ethyl 
alcohol that equation (1) holds so long as the degree of association 
remains unchanged with increasing temperature, but that if the 
degree of association alters then the density decreases with tem¬ 
perature more rapidly than is predicted by this equation. For 
observations below the boiling point, the effect is small, and produces 
a small increase in the rate of change of density with temperature, 
which on extrapolation gives rather too high a value for the zero 
density, and consequently too small a value for the zero volume. 
This explanation is supported by the fact that methyl and ethyl 
alcohols, for which equation (1) holds up to temperatures well 
above the boiling points, do not exhibit this contraction, but give 
values for oxygen of about 5*0. 


Table XIV. 


Substance. 

246. Methyl alcohol... 

247. Ethyl alcohol ... 

248. Rthyleme glycol .. 

249- n-Propyl alcohol .. 

250. d-Methyletbylcarbinol ... 

251. <i-Methyl-n-propylcaxbmol 

252. Phenol ..... 


253. d-Methyl-n-butylcarbinol 

254. o-Chlorophenol.. 

255. o-Cresol ...... 

256. m- „ .. 

257. „ .. 

258. Benayl alcohol.. 

»» , » ......... 

259. d-Methyi-n-amylcarbinoI 
2€f0* Methyl salicylate ............ 

281. Cmnamyl alcohol 

282. Ethyl salicylate ............ 

263. d-Methyl-n-heptylcarbinol 

264. Cummol ..... 

265. Thymol... 

266. cZ-Metbyl-n-octylcarbinol 
267* d-Me^hyi-n-nonylcwrbinol 
268. d-Methyl-f^-decylcajbinoi 


Alcohols. 




, - 

■ -- 

DM., 

Formula. 

Observer. 

(obs.). 

(calc.). 

%• 

ch 4 o 

y. 

32*3 

30*9 

-4*3 

CsHeO 

»» 

46*8 

45*4 

—2*9 

c 2 h,o. 

w. 

48*4 

48*4 

±0*0 

c„h 8 o 

p. 

60*6 

59*9 

— 1*2 

c 4 h 10 o 

P.&K. 

74*4 

74*4 

±0*0 

c 6 H 12 o 

„ 

88*1 

88*9 

+ 0*9 

c 6 h,o 

P. 

74*3 

74*4 

+0*1 

» 

B. 

74*3 

»» 

+0*1 

C«H u O 

P.&K. 

102*4 

103*4 

+ 1*0 

C 6 H 6 OCl 

B. 

86*2 

87*0 

+0*9 

C,H,0 

>» 

86*9 

88*9 

+ 2*3 

99 

» 

88*6 

99 

+0*4 

» 


89*5 

» 

-0*7 

» 

P. 

w. 

88*3 

99 

+0*7 


87*9 


+ 1*1 

C 7 H i0 O 

P.&K. 

116*2 

117*9 

+ 1*5 

c b h 8 o s 

P. 

106*6 

108*0 

+ 1*3 


» 

110*2 

112*5 

+2*1 


*» 

122*3 

122*5 

+0*2 

w 

P.&K. 

145*3 

146*9 

+ 1*1 

^ioH 14 0 

P. 

135*1 

132*4 

-2*0 

H 

99 

130*4 


+ 1*8 


P.& K. 

159*7 

161*4 

+ 1*1 

C u H«0 

99 

174-3 

175*9 

+0*9 


99 

186*4 

190*4 

+2*3 
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Table XV. 

Amines. 



Biff. 


Substance. 

Formula. 

Observer, (obs.). 

(calc.). 

%• 

269. Ammonia . 

... nh 3 


19-1 

20*1 

+5*0 

270. Methylamine . 

... CH 5 N 

J. 

33*7 

34*6 

+2-7 

271. Dimethylamine . 

... CjH,N 

»> 

50-1 

49*1 

-2*0 

272. Ethylamine . 

... ,, 

»» 

48*2 

»» 

+1*8 

273. Trimethylamine . 

... c 3 h*n 


65-6 

63-6 

-3*0 

274. n-Propylamine. 

... ,, 


62*7 

)> 

+ 1*4 

275. Diethylamine . 

- C 4 H la N 

»» 

78-0 

78*1 

+0*1 

276. Piperidine. 

... C s H n N 

,, 

79*7 

79*8 

+0*1 

277. Aniline . 

... C 3 H 7 N 

Y. 

77*7 

78*1 

+0*4 


... ,, 

B. 

76*8 

99 

+ 1*7 

278. m-Phenylenediamine ... 

... c 6 h 8 k 2 

P. 

82*5 

84*8 

+2*8 

279. Triethylamine .. 

... c 6 h 15 k 

J » 

108*1 

107*1 

-0*9 

280. Di-n-propylamine . 

... „ 

,, 

108*0 

99 

-0*8 

281. o-Tolmdme . 

... c 7 h 9 n 

P. 

90*5 

92*6 

+2-3 

282. Benzylamine . 

... »» 

99 

91*2 

99 

+1*5 

283. Dimethylaniline . 

... CsM 

99 

105*7 

107*1 

+1*3 

284. Tripropylamine . 

... c 9 h 21 n 

J. 

153*1 

150*6 

-1*7 
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Summary. 

(1) It has been shown that zero volumes can be predicted by 
adding together certain characteristic constants for the atoms and 
structures present in the molecule. Of the 284 compounds con¬ 
sidered, 236 are within 2% and 149 within 1% of the calculated: 
value. The agreement is not quite so good as is found 
parachor; the zero volume is, however, extrapolated frem^ ;+e • 
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experimental data and is therefore subject to a greater error in its 
determination. 

(2) Non-polax and semi-polar double bonds can be clearly dis¬ 
tinguished by their effect upon the zero volume. 

(3) The zero volumes of associated liquids, e.g., alcohols and 
amines, can be predicted by making a small change in the values 
for oxygen and nitrogen. 

Bibkbfce: College, 

Uniyebsitv of London, E.C. 4. [Received, June \0th, 1927.1 


CCXXXV.—eis4rans-/somemm of Disulphoxides. 

By Ernest Vere Bell and George Macdonald Bennett. 

The isolation of optically active ethyl jp-toluenesulphinate (Phillips, 
J., 1925, 127, 2552) and optically active sulphoxides of the type 
RR'SO (Harrison, Kenyon, and Phillips, J., 1926, 2079) proves 
that the three groups attached to the sulphur atom in these com¬ 
pounds do not lie in one plane with it. It follows that, if two 
sulphoxyl groups are present in a molecule, two isomerides should 
arise having the cis- and the 2ra7&s«configuration, respectively. No 
such isomerism has hitherto been observed, although suitable 
disulphoxides have been known for half a century. We have 
therefore subjected two such cases to a closer investigation and have 
in each case isolated a pair of isomeric disulphoxides. 

The so-called disulphoxides derived from the disulphides R'S*S*R' 
are not in question, for it has become clear that they do not actually 
possess the dlsulphoxide structure R-SOSOR', but are of the type 
R*S*S0 2 *R' (Smiles and Gibson, J., 1924, 125, 176; Miller and 
Smiles, J., 1925,127, 224). 

The simplest case is presented by the disulphoxides (I) and (II) 
of diethylene disulphide (1: 4-dithian). 








Here the plane of symmetry present in the molecule of each isomeride 
excludes the possibility of enantiomorphism. A disulphoxide of 
1:4-dithian was isolated by Crafts (Annalen, 1862,124,110; 1863, 
125, 123), which was soluble in water and separated from it in 
rhomb-shaped crystals. An examination of the mother-liquor 
from the crystallisation of this substance has now revealed the 
jHBseBce of .an isomeride. The two disulphoxides decompose 
.... .wi&oint melting, and their characterisation has depended on their 
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differences in solubility and in crystallographic properties. The 
a-isomeride is monoclinic and its solubility in 90% ethyl alcohol 

is less than one-fifth of that of the [E-form, which is anorthic. The 
prr_rjTT 

alternative formula _ qjj^>S 0 2 , which might represent 

one of the isomerides as structurally isomeric, is inadmissible, for 
both the a- and the (E-isomeride are readily reduced to the parent 
disulphide, a reaction characteristic of sulphoxides, but never shown 
by sulphones. 

The configurations of these disulphoxides cannot be determined 
with certainty, but it may be tentatively assumed that the a- 
isomeride, being the less soluble, is the trans-form (II). Attempts to 
convert one isomeride into the other by heating in aqueous solution 
alone, or with acetic or hydrochloric acid of various concentrations, 
were unsuccessful. When heated with 5—20% hydrochloric acid, 
both dis ulphoxides behaved as peroxides, yielding dithian itself. 
The fact that it was not possible to bring about the interconversion 
of these isomeric disulphoxides is surprising, yet it is in agreement 
with the stability of the optically active sulphoxides, which showed 
no marked tendency to racemisation. 

There is reason to suppose that the dissolution of an aldehyde 
or ketone in water involves the formation of a compound of the type 
R*C(OH) 2 *R', and with the older formulation of sulphoxides their 
ready solubility in water would by analogy have been attributed to 
the formation of a corresponding compound R*S(OH) 2 *R'. If this 
were so, it would involve the rapid racemisation of active sulphoxides 
and the easy interconversion of w^m^-isomerides in aqueous 
solution. On the other hand, from a consideration of the electronic 
formulas it is clear that a compound R*S(OH) 2 -R' cannot exist as such, 

r:s:r' ♦♦ 

but. only as the two ions : . q . and 1 0 1 H. Yet solutions of 


H 

sulphoxides are not markedly alkaline, so that a complex, if it 
exists, must occur largely in some non-dissociated form. These 
considerations point to the following formula as a probable one: 

S202H202H (compare formulae suggested for weak nitrogen 

bases by Moore and Winmill, J., 1912, 101, 1635; Latimer and 
Roctefeush, Amer. Chem. Soc 1920, 42,1419). 


The disulphoxide derived from diethyldithiolethane, 

’ CH^SEtJ-CHa-SEt, 

was described by Beckmann in 1878 (J. pr, Ghem. i 'i8 f 78, 1% 
We have examined the oxidation of the closely related dim 
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dithiolethane. The product of the reaction is a mixture of two 
isomeric disulphoxides, Me'SO’CgH^SOMe, the a-form, m. p. 163 
164°, being less soluble in various solvents than the (J-form, m. p. 
12 g—130°. Both are readily reduced to the disulphide. One of 
these isomerides must be an inactive mixture (or compound) of two 
enantiomorphs, but it is not possible to discriminate between them. 
This pair of isomerides is closely analogous to the two dieth- 
iodides of the same disulphide which were recently described by 
Wedekind (Ber., 1925, 58, 2510). 

It follows from the results now described that a cyclic trisul- 
phoxide also should occur in two forms, and it is possible that the 
two isomeric trisulphoxides of trimethylene trisulphide obtained by 
Hinsberg (J. pr. Chem., 1912, 85, 1912; 1914,-89, 547) are, in fact, 
the two substances (IV) and (V). 


‘h 2 —s— ch 2 < 


(IV.) 0- 


A- -0 //S \3H 2 —S—CHj 

o- (V, 


The criticisms of Fromm and Schultis (Ber., 1923, 56, 937), 
however, suggest the advisability of a reinvestigation of this case. 

We are indebted to Professor S. Smiles, F.R.S., for drawing our 
attention to the isomeric disulphoxides of thianthren (Fries and 
Vogt, Ber., 1911, 44, 756). The isomerism in this case is well 
established, but it has hitherto remained unexplained. It is 
evidently another example of the phenomenon under discussion. 


Experimental. 

Oxidation of 1 : k-Diihian by Hydrogen Peroxide .—To a solution 
of dhhian (10 g.) in glacial acetic acid (200 c.c.) at 0°, hydrogen 
peroxide (2 mols. of 30% aqueous solution), dissolved in an equal 
volume of aeetic acid, was added, and the mixture kept for 24 hours. 
Most of the acetic acid and any trace of unchanged sulphide were 
then removed in a current of steam and the solution was evaporated 
to dryness three times to remove acetic acid (yield, 12*5 g. of crude 
disulphoxides). The product consisted mainly of the a-disulph- 
oxide, which is undoubtedly that described by Grafts. Crystallis- 
/■. ation of the crude mixture from 90% ethyl alcohol (400 c.c.) yielded 
this compound, and one further crystallisation from 50% ethyl 
alcohol (50e.e.) gave the puresubstance ,(7*8 g.) in rhomb- or 
hexagonal-shaped plates, decomp. 263° (uneorr.) (Found: 0, 31*3; 

myosoopic in water, 142,149. Calc.: C, 31*55: H,5*3%: 
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The substance is readily soluble in cold water and practically 
insoluble in absolute ethyl alcohol and other organic solvents. 
It crystallises in the monoclinic system, having a:b:c = 
1-267:1:0*979; p = 104° 3'. Crystals of the habit shown in 
Fig. 1 were obtained by slow evaporation of an aqueous solution. 
The following is a list of the forms and the angular measurements 
observed with three crystals : 

a (100). m (110). v (101). B (101). g (Oil). 

6 . 0° 0' *50° 52' 0° 0' 180* 0' *75° 40' 

p . . 90° O' 90° O' 46° 18' 28° 32' *45° 19' 

The simpler rhomb-shaped crystals are developed on B bounded 
by q and m. The angle of the rhomb was observed under the 
microscope to be about 71° (calc., 71° 6'). The extinction on the 
face B is oblique. The position of the optic axes was not observed. 
The crystals had (vac.) 1-570. 

By fractional crystallisation of the material retained in the mother- 
liquor of this sulphoxide a small amount of another, more soluble 
substance was obtained, which crystallised in needles from absolute 
ethyl alcohol. The separation was facilitated by the fact that the 
two substances, although not very different in microscopic appear¬ 
ance in ordinary light, were sharply differentiated whemseen between 
crossed Nicols. The second isomeride was best obtained thus: 
The crude mixture of disulphoxides (6-2 g.) was warmed with aqueous 
alcohol (90%, 200 c.c.), and then cooled in ice, and the solution was 
filtered. The solid residue (4*3 g.) was almost pure a-disulphoxide. 
The solution on evaporation left a residue (1*9 g.), which was boiled 
with enough absolute ethyl alcohol to dissolve about half of it. 
The solution was filtered and, oh cooling, it deposited the $-isomeride 
(0*8 g.), which was pure after one further crystallisation (Found: 
C, 31*55; H, 5-2; M , 132, 144. C 4 H 8 0 2 S 2 requires 0, 31-55; H, 
5-3%; Jf, 152). 

$-Dithian dioxide separates from aqueous or absolute alcohol in 
elongated plates or flat needles, decomp. 235—250°. It crystallises 
in the anorthie system, having the angular elements ab, 105° 0'; d y 
56° 17'; e, 127° 14';/, 61° 44'; and g , 120° 59'. Crystals of the habit 
shown in Fig. 2 were obtained by slow crystallisation of an aqueous 
solution. The following forms and mean angular values were 
observed with three crystals ; 


a (100). 
0° O' 
90° 0' 


6 ( 010 ). 
*105° O' 
90° 0' 


c (001). 
* 241 ° 11 ' 
* 40 ° 56 ' 


o(lll), 
* 60 ° 28 ' 
* 37 ° w 


The extinction on a is at about 4° to the edge ab. Thq hi 
optic picture is seen in convergent light on face % the optic,; 
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plane being nearly parallel to the edge cib and the acute bisectrix 
nearly normal to a. 3$' (vac.) 1-554. 

Determinations of Solubility and Proportion of the Isomerides 
present. —100 C.c. of ethyl alcohol dissolve less than 1 g. of the 
a-isomeride at the boiling point, and approximately 0*1 g. at 20°; 
the p-isomeride is three times as soluble in cold alcohol. The 
solubilities of the two substances in 90*7% ethyl alcohol were 
determined accurately in a thermostat at 22*0°. 100 C.c. of solution 
contained 0*38 g. of a-isomeride and 2*26 g. of p-isomeride. Use 
being made of these values, the proportion of the two isomerides 
present in the oxidation product was determined. The mixture 
(0*4006 g. made by means of hydrogen peroxide) was stirred for 
severalhours in a closed bottle at 22*0° with 90*7% alcohol (25*0 c.c.); 
10 c.c. of the solution then contained 0*0557 g. of material (mean 


Fig. 1. Fig. 2. 



value). The influence of each on the solubility of the other being 
neglected, the two must be present in the proportion of 11*0% of the 
P- and 89*0% of the a-isomeride. A similar determination on the 
product of oxidation of dithian in ether by means of nitrous fumes 
showed the presence of 8*9% of the p-isomeride. 

Reduction of the Disvlphoxides .—A solution of the a-disulphoxide 
in acetic acid was boiled with addition of hydrochloric acid and 
zinc dust in excess. The solution when diluted and cooled deposited 
crystals of dithian (yield more than 50% of the theoretical), which 
was identified by direct comparison and the m. p. of a mixture with 
pure dithian. When the p-disulphoxide was reduced in the same 
way, dithian was again produced in quantity. 

Attempted Iitferconversion of the Isomerides.— The a-disulphoxide 
was boiled for several hours in aqueous solution, and a known 
amount of ethyl alcohol then added. The weight of a-isomeride so 
recovered was exactly that expected, and therefore no conversion 
f -oi 06 - into p-isomeride had occurred. The experiment was repeated 
with addition of acetic and dilute hydrochloric acids, but no positive 
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evidence of interconversion was obtained. When either isomeride 
was heated under reflux or in a sealed tube with hydrochloric acid 
(5—35%), dithian was always produced; it was identified as before. 
The second isomeride was in no case detected. 

Oxidation of Dimethyldithiolethane .—The dimethyldithioiethane 
required was obtained very conveniently by methylating dithioglycol 
with methyl sulphate and aqueous alkali. To the disulphide (10 g.), 
dissolved in glacial acetic acid (100 c.c.) and cooled, hydrogen 
peroxide (20 g. of 29*2% aqueous solution) was added, and the 
mixture kept for 24 hours. The solution was then evaporated twice 
with addition of water, and the residue (12*5 g.) of mixed disulph- 
oxides fractionally crystallised from ethyl alcohol, a mixture of ethyl 
alcohol and ethyl acetate ( 1 : 1 ), and finally from toluene or xylene. 
Two disulphoxides were thus separated, of which the a-isomeride was 
obtained pure more easily, as it was present in the larger quantity. 

OL-Dimethyhtliylenedisulphoxide crystallises from ethyl alcohol in 
monoclinic needles, m. p. 163—164° (Found : C, 31*1; H, 6*5; M , 
cryoscopic in camphor, 159. C 4 H 10 O 2 S 2 requires C, 31*2; H, 6*5%; 
M, 154). It is readily soluble in water and moderately easily 
soluble in cold ethyl acetate or hot xylene. 

p -Dimethylethylenedisulphoxide crystallises from alcohol or ethyl 
acetate in monoclinic bipyramids, m. p. 128—130° (Found: C, 
31*0; H, 6*7%; M } 145). It is readily soluble in water or ethyl 
alcohol and sparingly soluble in ethyl acetate or hot toluene. The 
solubilities of the two isomerides in ethyl acetate at laboratory 
temperature are: a-, 0*16 g./lOO c.c. (of solution); p-, 0*42 g./lOO c.c. 
The melting point of the p-eompound is not depressed by the addition 
of a little of the a-compound, although such mixtures have a con¬ 
siderable melting interval instead of a sharp melting point. 

The University, Sheffield. [Received, May VUh t 1927.] 


CCXXXVI .—Decomposition of some Halogenated Sul¬ 
phides, and the Nature of the “ Polymeric ” Ethylene 
Sulphides ; 

By Ernest Vere Bell, George Macdonald Bennett, and 
Alfred Loots Hock. 


The union, of an alkyl halide with an alkyl sulphide to produce a 
sulphonium salt is a reversible reaction, and unsymmetrical sulphon¬ 
ium halides may thus dissociate to yield compounds distinct froia^ 
those used in their preparation: a ; 

R 2 S + R'l ^ [R 2 R'S]I ^ RR'S + RI 


■■M'm 
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(Cahours, Ber., 1875, 8, 825; Klinger and Maassen, Annalen, 1889, 
252, 241). 

An exactly a n a logous change was detected in an examination of 
some ^-substituted sulphides (this vol., p. 477) when a S-bromobutyl 
sulphide was found to be transformed by internal salt formation 

into a cyclic sulphonium salt, ^ 2 ^>S*C 4 H 8 *0B[jBr, which 

dissociated, on heating, with liberation of the cyclic tetramethylene 
sulphide: 


Br-R — R — S-R' 


~p* - e '> 


R* 


>S + R'Br. 


It appeared probable that a similar tendency to the formation of 
sulphonium salts by self-addition would be a property common to 
all classes of halogenated sulphides. No such tendency has hitherto 
been recognised, but we find that some observations of our own 
on p- and y-halogenated sulphides and one or two anomalies recorded 
in the literature may be explained as the results of such processes 
of reversible sulphonium salt formation. 

The self-addition of a halogenated sulphide might evidently be 
intermolecular or intramolecular. The latter type of reaction 
involves ring closure, and it may be anticipated that it will only 
be in evidence when a five- or six-membered ring is concerned, as 
In the case of the S-bromo-sulphide. An indication of inter¬ 
molecular addition in a y-halogenated sulphide was obtained when 
yy'-dichlorodipropvl sulphide was converted by the action of 
sodium iodide into the corresponding di-iodo-sulphide. The latter 
decomposed, on keeping, with liberation of trimethylene iodide in 
quantity, whilst a dark, viscous material was deposited which 
contained ionic iodine and was probably a mixture of complex 
substances. This may be explained as follows : 


2S{C 3 H 6 I) 2 



s*c 3 h 6 i 

e 3 H 6 -S-C 3 H 6 I 


+ c 3 h 6 i 2 . 


The more complex di-iodo-sulphide on the right may undergo 
further changes of the same kind so that a mixture of substances 
results. 

It is known that most specimens of pp'-diehlorodiethyl sulphide 
contain dithian (see, e.g ., Davies, J., 1920,117, 299), but the reason 
for its presence has never been elucidated. It has usually been 
regarded as an impurity introduced at the time of preparation, but 
there is now no doubt that the proportion of dithian in samples of 
dichlorodxethyl sulphide increases greatly with the time of keeping. 
The production of dithian can be explained as due to a series of 
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reactions involving both the intermolecular and the intramolecular 
type of addition, thus, 

o/C 2 H 4 *S-C 2 H 4 C1 

b X) 2 H 4 Cl 

^ + C 2 H 4 Cl2 

+ c 2 h 4 ci 2 ^ [ s <c§>s-c 2 H 4 a]ci 

ethylene dichloride being a second substance produced in the pro¬ 
cess. We have tested the truth of this scheme of reactions, as 
far as possible, and have directly confirmed the formation of both 
dithian and ethylene dichloride in quantity from pure dichloro- 
diethyl sulphide heated at 180° for 18 hours. A similar reaction 
doubtless occurs more slowly at the ordinary temperature. If 
these reactions are reversible at each stage (as shown), the action 
of ethylene dichloride upon dithian should conversely to some 
extent yield dichlorodiethyl sulphide, although the amount present 
in the final equilibrium mixture might be small. We find that 
dithian heated at 180° with an excess of ethylene dichloride yields a 
highly vesicant liquid, and the presence of dichlorodiethyl sulphide 
is proved by the isolation of the crystalline (3 (3' - diphenoxydiethyl 
sulphide (Helfrich and Reid, J. Amer . Chem. Soc ., 1920, 42, 1208). 

The curious observation of Davies (< loo . cit.) that potassium 
cyanide acts on dichlorodiethyl sulphide to furnish the dinitrile, 
OISr-CB^'CHa'S'CB^'CHg-S'CHa'CHa-CN, is intelligible from the same 
point of view. This dinitrile is a by-product evidently derived from 
an intermediate mononitrile as follows : 

Cl ^ 

C 2 H 4 (S-C 2 H 4 ‘CN) 2 + C 2 H 4 C1 2 . 

The formation and dissociation of a sulphonium salt also explains 
the anomaly noticed by Clarke (J., 1912,101, 1794) in the reaction 
of phenacyl bromide with dithian. The amount of ionic bromine, 
observed at intervals by titration, was found to rise at first as 
expected,^ but then diminished rapidly. This is clearly evidence of 
the opening of a ring as follows, 

S <C 2 H 4> S + COPh-CH 2 Br ^ [s<^>S-(^*COPh~Br 

S <CH 4 Br CH2 ' COPh 

the bromo-sulphide on the right containing no ionic bromine. 

The Nature of the “ Polymeric ” Ethylene Sulphides .—The reactions 


2CN-C 2 H 4 -S-C 2 H 4 C1 


cn-c 2 h 4 -s-c,h 4 -s-c 2 h 4 -cn 

c 2 h 4 ci 


2S(C 2 H 4 C1) 2 [s<^ C A C1) ^] 
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discussed above throw a new light on the nature of the cf poly¬ 
meric ” ethylene sulphides, which are produced in a variety of 
reactions, such as the action of alkali sulphides on ethylene 
dichloride, ethylene dibromide or dichlorodiethyl sulphide, and by 
the dehydration of monothioethylene glycol. It is probable that 
they are all mixtures of substances of high molecular weight having 
a long open-chain structure of the type A(S*C 2 H 4 )„*S*B, where A 
and B may be such groups as -0 2 H 4 *0H, -CHICH 2 , or -C 2 H 4 Br 
(Bennett and Whincop, J., 1921, 119, 1861; Nature , 1926, 118, 
555; compare Staudinger, Helv. Chim . Acta, 1925, 8, 67). The 
composition of these products is approximately that of a poly- 
meride of ethylene sulphide (as is required by the formula pro¬ 
vided that n be large), but it has long been known that variable 
amounts of bromine may be present (Crafts, Anmlen, 1863, 128, 
220). The recent observations of Sir P. C. Kay and K. C. Bose- 
Kav (J. Indian Chem. Soc ., 1926, 3, 75) support the idea of the 
occurrence of such long-chain bromopolyethylene polysulphides. 

Two classes of Ci polymeric ” ethylene sulphides were clearly 
distinguished by V. Meyer (Ber. } 1886, 19, 3262): I, those which 
when heated did not yield dithian, and II, those which were readily 
degraded to dithian when heated alone or in solution in various 
solvents at high temperatures. The latter type of behaviour is to 
be expected in a bromo-polysulphide, owing to internal self-addition 
according to the scheme 


E(S-C 2 H 4 )„-S-C 2 H 4 -S-C 2 H 4 Br — [r(S-G>H 4 ) -S<^|*>s]Br 

I 

R(S*C 2 H 4 VBr + S<^g*>S, 

and repetitions of the process will liberate successive molecules of 
dithian, each cycle of changes being analogous to the reactions 
involved in the decomposition of dichlorodiethyl sulphide. 

The existence of the “ polymerides ” of class I and their failure 
to yield dithian by a similar process will evidently be accounted 
for if they contain no halogen, since this is indispensable to sulphon- 
ium salt formation, and we find that, as far as evidence is available, 
C£ polymerides ” which do not contain halogen do in fact belong to 
this class. Thus the material of Lowig and Weidmann ( Annalen , 
1840,36, 321) was found by Crafts {be. cit) to be free from halogen 
and to give no dithian on heating. We have confirmed the com¬ 
plete absence of halogen from a specimen of <c polymeride ” of 
class I prepared from ethylene dibromide, whilst products of class I 
from monothioethylene glycol were made from halogen-free materials 
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(J., 1922,121, 2144). These facts support our suggestion that it is 
the absence or the presence of halogen which determines the 
chemical differences between “ polymerides 55 of class I and class II. 
In those of class I the terminal groups in the molecule are probably 
either -C 2 H 4 *OH or -CH!CH 2 . Such substances would be likely to 
react with hydrogen bromide or with ethylene dibromide to yield 
halogenated polysulphides by such reactions as the following: 

R-S-C 2 H 4 *OH + HBr = R-S-C 2 H 4 Br + H 2 0; R-S-CHICH, + 

HBr = R-S-C 2 H 4 Br; R-S-R' + C 2 H 4 Br 2 = R*S*C 2 H 4 Br + R'Br. 

The products would then be liable to the process of degradation 
with liberation of dithian. This anticipation also has been verified : 
<£ polymerides ” of class I yield dithian when heated in boiling 
phenol, provided that hydrogen bromide or ethylene dibromide be 
added. 

The simpler substances S(C 2 H 4 *OH) 2 , C 2 H 4 (S # C 2 H 4 *OH) 2 , and 
S(C 2 H 4 -S*C 2 H 4 *OH) 2 previously described (Bennett and Whincop, 
loc. cit.), which are not easily decomposed when heated alone, have 
now been found, as expected, to yield dithian readily when they 
are heated with a boiling solution of hydrogen bromide in phenol. 
These three dihydroxy-sulphides are the simplest members of a 
homologous series of substances, the higher members of which are 
doubtless present in “ polymeric 57 ethylene sulphides of class I. 

Experimental. 

Action of Sodium Iodide on yy -Dichlorodipropyl Sulphide. —The 
pure dichloro-sulphide was heated in acetone solution with sodium 
iodide (3 mols.) until sodium chloride was no longer precipitated. 
The solution was concentrated, and the crude yy f -di-iododipropyl 
sulphide thrown out as a heavy oil by dilution. This substance did 
not crystallise and could not be distilled without decomposition. 
When kept for several weeks at the ordinary temperature, the 
liquid deposited a dark resinous material which slowly hardened, 
but retained pockets of a heavy mobile oil. The solid could not 
be crystallised; it was partly soluble in water, the solution con¬ 
taining ionic iodine. 

The oil was separated, and distilled at 120—130°/50 mm. It 
was identified as trimethylene di-iodide by direct comparison and 
by its ready conversion on heating with a solution of sodium phen- 
oxide in phenol into ay-diphenoxypropane, of which the m. p., 
59—60°, was unaltered by admixture of an authentic specimen. 

Decomposition of j£(3 '•Dichlorodiethyl Sulphide —Ereshly redis¬ 
tilled dichlorodiethyl sulphide (2*5 g.) was heated in a sealed tube 
for 18 hours in the vapour of boiling phenol. When the tube was 
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opened, a volatile liquid was noticed. The contents of the tube 
were mixed with an excess of aniline and heated at 100° for an 
hour and then at the boiling point for a further hour. The excess 
of aniline and the dithian were removed in a current of steam and 
the distillate was acidified to dissolve the aniline. The precipitate 
(0*5 g.; 50% of the theoretical yield) had m. p. 111°, not depressed 
by admixture of pure 1 : 4-dithian. 

The residue from the steam distillation was extracted with ether, 
and the ether evaporated. The residual oil gave a crystalline 
sulphate when warmed with sulphuric acid (50%). This salt was 
crystallised from the filtered solution, and the base liberated from 
it by ammonia was crystallised from paraffin (b. p. 60°) and 
identified as ethylenediphenyldiamine, m. p. 60°, not depressed by 
admixture of an authentic specimen. This proves that the tube 
must have contained ethylene dichloride when opened. 

The Action of Ethylene DicMoride upon Dithian .—Dithian (0*5 g.) 
and ethylene dichloride (5 c.c.) were heated in a sealed tube for 
12 hours at 180°. Evaporation of the ethylene dichloride left a 
brown oil, which had a strong vesicant action. It was heated with 
an excess of alcoholic sodium phenoxide, and the solution was 
acidified and distilled in steam. The residual oil was removed in 
ether, and the latter evaporated. The viscous residue deposited 
crystals, which were drained on porous earthenware and recrystal¬ 
lised from paraffin of low b. p. This substance had m. p. 54°, not 
depressed by admixture of an authentic specimen of pp'-diphenoxy- 
diethyl sulphide. The two substances were also found by micro¬ 
scopic examination to crystallise identically from ethyl alcohol in 
bunches of needles with a straight extinction. 

Degradation of “ Polymeric ” Ethylene Sulphide of Class I .—The 
specimen of “ polymeride ” was made by the action of alkali 
sulphide on ethylene dibromide, and had been freed from all trace 
of “polymeride” of class II by heating in phenol. It gave no 
dithian when dry-distilled or when heated in boiling phenol for 
several hours. Repeated tests proved the absence of halogen from 
this material. 

The “ polymeride ” (30 g.) was heated at 130° for 1 hour with 
ethylene dibromide (18 g.; 1/5 mol.). Phenol (60 g.) was then 
added, and the mixture boiled for 3 hours. Addition of an excess 
of aqueous sodium hydroxide left a crystalline precipitate identified 
as dithian (6*7 g.). 

The “polymeride” (15 g.) was boiled for 2 hours with phenol 
(60 g.) saturated with hydrogen bromide, and dithian was isolated 
as before (5 g.). 

Production of Dithian from Simpler Hydroxy sulphides. _Thio* 
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diglycol, ethylenebis-p-hydroxyethyl sulphide, and sulphidobis-(3- 
hydroxydiethyl sulphide were each boiled for 2 hours with phenol 
saturated with hydrogen bromide, and the mixture was separated 
as before. In each case, dithian was identified, the yield from the 
last-named substance being nearly 50% by weight. 

The University, Sheffield. [Received, May 31st, 1927.] 


CCXXXVII .—Colour and Molecular Geometry. Part V. 
A Search for a Crucial Test of Colour Theories . 

By James Moir. 

.Any theory of colour must, to be really successful, cover the whole 
field of absorbing substances—and this not merely qualitatively 
but quantitatively. It is not sufficient, for example, to establish 
a scheme in which most “ coloured ” ( i.e., absorbing) substances 
can be formulated with a little manipulation as “ quinonoid ” or as 
possessing alternate double and single linkages, inasmuch as there 
are plenty of exceptions to these schemes, namely, cases in which 
the amount of manipulation of the formula required to make it 
quinonoid is beyond belief (for example, m-aminophenol) or even 
beyond possibility (for example, the coloured solution of dihydro¬ 
anthracene in concentrated sulphuric acid). It is also not sufficient 
to establish a scheme in which the various absorption bands of a 
substance examined in different media are related to one another 
in the same way as harmonics of a fundamental tone are, inasmuch 
as the connexion between the value of the fundamental and the 
chemical constitution has still to be discovered, also the reason why 
unexpected harmonics such as the 19th appear. A 19th harmonic 
is only credible if accompanied by the 7th, 13th, and 25th, or 
similar series; in other words, prime numbers as harmonics require 
a special explanation. 

The author’s theory, whilst admittedly a makeshift, is the only 
one capable of giving predictions of colour from constitution. Its 
use, however, is very greatly restricted by our lack of knowledge of 
the actual dimensions of many common molecules. Even the true 
configuration of benzene is still in doubt,* although the relation 
between anthracene and naphthalene is considered to be beyond 
doubt. 

* Many writers appear to think that Komer’s model is the same as Bragg’s 
—which is not the case. The angle between adjacent carbon atoms in the 
skew-hexagon is 109° in Bragg’s model and 90° in Komer’s; consequently 
the representation of the position of the hydrogen atoms in KomerV model 
is quite erroneous. 7:>-> 
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The author therefore presents in this paper an experimental study 
of some of the oxygen derivatives of anthracene (together with a 
few of the corresponding derivatives of naphthalene) with the view 
of providing data for a crucial test of his own and other colour 
theories, a test founded on the fact that there is hardly any dispute 
as to the size and spatial configuration of the anthracene and 
naphthalene molecules. 

Tables I and Ia contain the author’s observations of the positions 
of the bands of these oxygen derivatives, made in dilute aqueous 
sodium hydroxide solution, in presence of sodium sulphite to prevent 
aerial oxidation. 

Table I. 

Absorption of Hydroxy-derivatives of Anthracene in Excess of 

Alkali. 

Central A 

(in fji{x) of Fainter 

chief band. bands. 


I-Hydroxy-9: 10-dihydroanthracene *. 312 Nil. 

1- Hydroxyanthracene (a-anthrol) . 364 347,410 broad 

2- Hydroxyanthracene (0-anthrol) . 335 Nil. 

9-Hydroxyanthracene (anthranol). 378 „ 

1 :9-Dihydroxyanthracene (a-hydroxy- 

anthranol) . 490 460 

2 ; 9-Dihvdroxyanthracene (jS-hydroxy- 

anthranol A}. 476 447 

3 : 9(or 2 : 10)-Dihydroxyanthracene 

(^-hydroxyanthranol B) .. 510 480 

1:5-Dihydroxyanthracene (rufol)... 371 354, 420 broad 

2; 6-Dihydroxyanthracene (flavol) . 345 312, 378 broad 

2: 7-Dihydroxyanthraeene. 390 Nil. 

9: 10-Dihydroxyanthracene (anthraqninol). 495 broad „ 

1:5s 9-Trihydioxy anthracene (anthramfin- 

anthranol) . 427 370 

1:2:10-Trihydroxyanthracene (deoxyalizarin) 480 Nil. 

2:6:9-Trihydroxyanthracene (anthrafiavin- 

anthranol) . 416 490,515 

2:7: 9-Trihydroxyanthracene (laoanfchrafiavin- 

anthranol). 492 466 * 

2:9:10-Trihydroxy anthracene (^-hydroxy- 

anthraquinol) . 575 685 

2:6:9: 10-Tetrahydroxyanthracene (hydro- 

anthrafiavin).;. 486 454 

1- Hydroxyanthraqninone . 480 500 

2- Hydro^anthraquinone .. 470 495 

1 :2-Dihydroxyanthraqninone (alizarin) . 613 568,523 

1 :4-Bjhydroxyanthraquinone (quinizarin). 595 552,516 

1 :5-Dihydroxyanthraquinone (anthrarufin) ... 470 500 

2:6-Dihydroxyanthraquinone (anthraflavin) ... 430 400,485 

2 : 7-Dihydroxyanthraquinone (manthrafiavin) 475 390,500 


* The author finds that 1-hydroxy-9 : 10-dihydroanthracene (contrary to 
the statements of Liebermsnn, Annalen, 1882, 212, 15, and Pleus, Ber., 
1902, 35, 2928) is a phenolic substance closely resembling the cresols and has 
ho colour in alkali. The author’s specimen was made by sodium reduction 
. °* a-anthrol and agreed in appearance and melting point with the data in 
the literature. ^ 
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Table Ia. 

Absorption of some Corresponding Naphthalene Derivatives in 
Excess of Alkali. 

Central A 

(in fj.fi) of Fainter 


chief band. bands. 

1-Hydroxynaphthalene . 330 Nil. 


1 :5-Dihydroxynaphthalene . 350 ” 

2: 6-Dihydroxynaphthalene . 340 356 

2 :7-Dihydroxynaphthalene . 338 393 

5-Hydroxy-1 : 4-naphthaquinone (juglone) . 510 570 

5:6-Dihydroxy-l: 4-naphthaquinone (naphthazarin) 619 571 


Table II. 

Sulphonates in Aqueous Alkali. 

Name. Position of bands. 

Anthraquinone-l-sulphonate . 340 and 385 

Anthraquinol-1 -sulphonate. 493 and 515 

Anthranol-1 -sulphonate . 385 and 363 

Anthracene-1 -sulphonate . 383, 364, 345, 326, and 308 

Anthraquinone-1 : 5-disulphonate . 333 and 420 

Anthraquinol-1 : 5-disulphonate . 491, 533, and 590 

Anthranol-1 : 5-disulphonate . 432, 460, and 490 

Anthracene-1: 5-disulphonate . 389, 370, 350, and 305 

The first point to be noted from the observations is the very 
interesting one that both of the anthrols and both of the sym¬ 
metrical anthradiols are visibly coloured in moderately concentrated 
(N j500) solution, -whereas the corresponding derivatives of naphth¬ 
alene, all of which have absorption bands situated below X 390 (the 
usually accepted lower limit of human vision), are not coloured in 
alkaline solution unless the solutions are very concentrated (over 
N/10). The cc-compounds are more highly coloured than the 
^-compounds. 

The second point is that, the behaviour of the 1 :5-dihydroxy- 
compounds is almost the same as that of the 1-hydroxy-compounds 
and that the 2 :6-dihydroxy-compounds resemble the 2-hydroxy- 
compounds in behaviour. This symmetry clearly points to an 
influence of the centre (or the central plane) of the molecule on the 
height of colour. 

The third point is the high colour (X above 470) produced when * 
one hydroxyl group is present in the 9-position. All the anthranols 
and anthraquinols show this, and, as is well known, all the hydroxy- 
anthraquinones can he formulated in an alternative form with an 
OH-group in position 9. Usually the anthranol has a similar colour 
to that of the anthraquinone. This high colour is not easy to 
explain on any theory of colour. ^ ; 
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The fourth point is that the highest colours of all occur in 2:9:10-, 
1:2:9:10-, and 1:4:9:10-compounds (the 1:9:10-compound, 
a-hydroxyanthraquinol, could not be obtained). This is evidently 
due to superposition of effects due to the 9 :10 arrangement—in 
itself capable of giving a red colour—on effects due to the co¬ 
operation of hydroxyl and the anthracene skeleton—in itself capable 
of giving a yellow colour, as shown above. 

The last point is that the phenomena are almost exactly duplicated 
in the naphthalene series, so that the third ring in anthracene is of 
little significance. Thus juglone resembles erythrohydroxyanthra- 
quinone, naphthazarin resembles alizarin, and all the mono- and 
di-hydroxynaphthalenes examined ' resemble the corresponding 
derivatives of anthracene. Nevertheless, anthraquinol (red in 
alkali) does not closely resemble 1 :4-dihydroxynaphthalene in 
colour, although the alkaline solution of the latter compound is 
yellow (in presence of reducing agents to avoid oxidation), in 
contradistinction to that of ordinary quinol. 9 :10-Anthraquinol 
in alkali absorbs from X 520 to X 470, 1 : 4-naphthaquinol at about 
X 400, and quinol at X 316.* 

Those who have followed the author’s attempts to find a theory 
of colour will remember that six years ago he put forward a factorial 
scheme whereby 90% of the data for dicyclie coloured substances 
could be correctly predicted (J., 1921,119,1654), and later he showed 
that alteration of the angle between the rings is the reason why 
dicyclie coloured substances linked by carbon have lower colours 
than the corresponding substances in which nitrogen or oxygen forms 
the joint between the rings. 

Further consideration shows that this scheme must sometimes 
break down when there is more than one joint, and this merely 
because the two joints cannot approach one another closely when one 
of them is carbon with its comparatively severe bend of 109°. 
Consequently, the calculated values for dihydroxyxanthhydrol 
and dihydroxyacridine are slightly incorrect (—3%), whereas those 
for dihydroxyanthracene, dihydroxyacridone, and dihydroxy- 
xanthone are seriously incorrect (—12 to —25%). This means that 
the factor 0*65 used for calculating linkage by carbon can only he 
used once, so that if there is linkage by a second atom (in the ortho¬ 
position to the first linkage, of course) it occurs in such a way as to 
keep the molecule as fiat as possible. Bragg’s model for anthracene 
is an example, for, if my 1921 theory had been entirely correct, the 
anthracene model resulting would have been “ buckled ” in the 

* If these effects are merely due to “ loading ” of quinol with one or with 
two benzene rings respectively, they are much the largest loading effects 
known. 



A SEARCH ROB A CRUCIAL TEST OF COLOUR THEORIES. 1813 

middle, this being the only way in which both the central carbon 
atoms could make the normal (109°) angle with both rings. 

Figs. 1 and 2 represent two possible ways in which Bragg’s 
measurements may be satisfied without any “buckling.” Fig. 1, 
being without a cross bond, really represents dihydroanthracene, 
but is Bragg’s own original diagram, with the p-hydrogen atoms put 
in the same plane as the g-carbon atoms. Fig. 2 shows the cross bond 
of anthracene as part of a Dewar-Ingold benzene model (triangular 
prism). Both models measure 11*18 A. by 6*00 A. The dimension 
11*18 A. of anthracene is made up of two ordinary benzene rings 
each of width 2*57 A., one central ring of width 2*50 A., two 
halves of a carbon atom, equal to 1*54 A., and two hydrogen atoms, 
equal to 2-00 A. The other dimension (vertical) is made up of 
2*57 -r (V3/2) (from the properties of a hexagon), plus two halves 
of a carbon atom, plus the projection of two hydrogen atoms lying 


Big. 1. Big. 2. 



Anthracene (Bragg)* Anthracene (Moir ). 

Dihydroanthracene (Moir), 


at 109° to the plane of the paper containing the g-earbon atoms. 
Similarly, if the middle ring be removed, the diagram agrees exactly 
with that of naphthalene [(2 x 2*57) +(2 x 0*77) + 2*0 = 8*68 for 
the length, whilst the breadth remains at 6-00 as in anthracene], 
these dimensions being exactly those given by Bragg. Inferentially 
also, the dimensions of the benzene molecule become, in this scheme, 
6*11 A. X 6*00 A., a much closer approach to a true hexagon than 
one would expect at first sight from a molecule possessing a carbon 
skeleton of the skew-hexagon nature prescribed by Bragg. 

Application of the Model to the Author's Colour Theory . 

The extreme form of the author’s theory, according to which the 
distance between the centres of the oxgyen atoms of the auxochromes 
decides the colour, is at once seen to be incorrect, because if this 
form of the theory were true, the substance flavor (2 :6-dihydroxy* 
anthracene), in which the centres of the oxygen atoms are as far 
apart as possible (10*6 A. on the model), would possess an absorption 
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band at X 850. Similarly, 2:6-dihydroxynaphthalene, which 
has, on the model, a distance of 8*1 A. between its oxygen centres, 
would have a band at X 650. Observation shows that the position 
of the chief band of both these substances is practically the same 
(XX 345 and 340 respectively), both being pale yellow in alkaline 
solution. Light is now thrown on this obscurity by the fact that 
(3-anthrol and (3-naphthol have similar absorptions when examined 
in alkali solution (XX 335 and 349 respectively). This shows that 
the colour vibration (colour orbit on the author’s theory) is not from 
auxoehrome to auxochrome, but is from one (that is to say, from 
either) auxochrome to a centre of force near the centre of the 
molecule. 

This idea can be correlated with the quinonoid theory as follows : 
p-Anthrol can be written as a quinonoid compound (I), and similarly 
flavol can be written as (II) but cannot be written so as to make the 
oxygens of both auxochromes quinonoid. I assume that such a 
formulation as (III) is patently absurd. 



(I.) <n.) (in.) 


The cause of the band round about X 340 in these four compounds 
(P-naphthol, 2 : 6-dihydroxynaphthalene, (3-anthrol, and flavol) thus 
only concerns one ring. On my theory, X340 corresponds to a 
positive-centre distance of 4*36 A. if both centres are oxygen atoms,* 
and about 4*2 A. if one is a carbon atom. The latter distance on 
the model agrees with an orbit in which the electron grazes the 
oxygen atom of the auxochrome and at the other end of the ellipse 
passes through the double bond outside the para-carbon atom, the 
positive centres being the auxochrome oxygen and the para-carbon 
atom. Thus my theory leads to the same result as is reached by the 
quinonoid theory. The quinonoid formulae for (3-naphthol and 
2:6-dihydroxynaphthalene involved are (IV) and (V), although 
they have also been formulated as ortho-quinonoid. 


H* „ 

{IV.} /y\:o and 

w 



(V.) 


The a-compounds may now he considered. a-Naphthol and 
1: 5-dihydroxynaphthalene have much the same absorption as the 


* For these calculations involving oxygen atoms alone, I find that the 
expression A = 82d — 20 is sufficiently accurate. 
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p-compounds just discussed, viz., an average value of 340 for X. 
The corresponding distance is again 4*2 A. and the corresponding 
quinonoid formulae are: 



Nevertheless, no distance can be found on the model in agreement 
with these suppositions. Agreement can, however, be obtained 
if the more customary quinonoid form be assumed, in which 



case the distance between oxygen and para-carbon agrees with what 
is required : the case thus becomes, in this instance, that of phenol 
with a “ load.” 

The a-eompounds of anthracene have a higher colour than those 
of naphthalene, due to bands at XX 368 and 415 {on the average). 

Alkaline solutions of 1-anthrol and of rufol (1: 5-dihydroxy- 
anthracene) are yellow even in great dilution. 

When, however, it comes to finding an explanation of this, it 
appears that Bragg’s work is unfortunately less decisive as to the 
relative positions of a-groups than of p-groups. 

It is usually assumed, nevertheless (as on p. 1813), that 
a-groups lie in line with the benzene valencies, i.e., inclined to the 
general plane of the model at the angle of 55° (snrH/§) prescribed by 
the geometry of the skew-hexagon benzene model. An attempt to 
depict this in piano is shown in Figs. 1 and 2. 

I find that an orbit round the a-oxygen and para-carbon atoms 
does not suit the colour, although the analogous supposition does 
suit in the case of the ^-compounds. Neither does an orbit round 
the 1-a-oxygen and the 10-meso-carbon atom. 

The only orbit which agrees is one which involves the double 
linkage lying between carbon atom 8 and its neighbour which linVa 
it to 9 in the quinonoid formula (X) for 1-anthrol. 


0 0 
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The centre of this unnumbered linking -carbon atom is at approxi¬ 
mately the correct distance from the centre of the 1-oxygen atom to 
account on my theory for the observed hand at X 415 and the 
yellow colour. 

The Hydroxyanihraquinone, Byes. 

In explaining the colour of these dyes the author accepts the 
customary theory that the oxygen atoms attached at positions 9 and 
10 compete with the hydroxylic oxygen atoms for a tautomerising 
hydrogen atom, as in the usual formulas (XI and XII). 

The tautomerism of the (3-compounds is the ordinary quinonoid 
one, but in the a-compounds the chemical bonds cannot be arranged 
so as to show a tautomerism between 1- and 10-oxygens. This 
need not, however, deter us from conceiving the colour as being 
due to the movement of a single electron round these two oxygen 
atoms considered as positive centres—inasmuch as the case is similar 
to that of the “ meta-quinonoid ” coloured substances such as 
m-nitroaniline. 

The distances, 6 A. (a) and 6*5 A. ((3), between the centres of the 
oxygen atoms in question agree with what is required to explain 
bands occurring between X 470 and X 510. The quinonoid formula 
for erythrohydroxyanthraquinone (XIII) leads to a much smaller 


(XU!.) 


distance (2*6 or 2*9 A. according as the 1- and 9-oxygen atoms are on 
the same or opposite sides of the general plane of the molecule), a 
distance corresponding to bands between X 215 and X240 in the low 
ultra-violet region. Meyer and 0. Fischer (.Ber 1913, 46, 85), 
in the cases of 1-hydroxyanthraquinone and anthrarufin, observed 
no bands below A 265, but the lower limi t of their investigation was 
probably not low enough to reach bands situated at X 220. 

The cause of the colour of juglone (5-hydroxy-l : 4-naphtha- 
quinone, i.e., l-hydroxy-5:8-naphthaquinone) (XIV) and of 
1-hydroxyanthraquinone is the same, an orbit round the oxygens 
attached in positions 1 and 5. The third ring in 1 -hydroxyanthra- 
quinone has no effect, as is seen also to be the case by comparison 
of the bands of naphthazarin with those of alizarin. 

It is a curious fact, however, and one not easy to explain, that 
colour of this height (X480 or so) can arise in compounds of only 
one ring, such as hydroxybenzoquinone and tetrahydroxybenzo- 
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quinone, when examined in alkaline solution. This is nevertheless 
not strictly analogous, since in juglone the hydroxyl group is 


(xv.) o: 


OH 

o 


0 


HO OH 

o:<^>:o (xvi.) 

hoot: 


attached, not directly to the quinone ring, but to a carbon atom 
attached to that ring. Probably a special explanation, similar to 
that of the high colour of alizarin (see below), is called for here. 

The colour of anthrarufin is explained in the same way as that of 
1-hydroxyanthraquinone, and the colour of anthraflavin and of 
isoanthraflavin in the same way as that of 2-hydroxyanthraquinone 
(see p. 1816). 

The high colour of alizarin and naphthazarin constitutes part of 
a general phenomenon seen also in benzeneazopyrocatechol, 3 :4- 
dihydroxybenzophenone, etc., whereby the presence of two hydroxol 
groups adjacent to one another greatly heightens the colour 
(Table IH). 

Table III. 


Substance. A. 

Benzeneazopyrocatechol ... 480 

Phenolpyrocateehol- 

phthalein . 579 ^ 

Pyrocatecholphthalein. 652 j 

o»Hydrosyfluorescein . 523+498 \ 

oo'-Dihydroxyfluorescein... 550+527 j 
3 : S' : 4 : 4'-Tetrahydroxy- 

benzophenone .. 449 + 406 


Comparison substance. 
Benzeneazophenol . 

Phenolphthalein . 

Fluorescein . 

4 : 4 / -Dihydroxybenzo- 
phenone . 


A. 

433 

554 

494 + 457 
323 


I am of opinion that the explanation is that the electron goes 
round both of the ortho-oxygen atoms as well as the third (distant) 
oxygen atom (Fig. 5), and thus describes an ovoid orbit which is 
wider than the normal type of colour ellipse (see J., 1922,121,1810). 
This connotes a longer path and longer periodic time and higher 
colour, the eccentricity of the ellipse having been increased. The 
essential idea in this explanation of the heightening effect of con¬ 
tiguous auxochromes is that the two atoms behave (as in ordinary 
mechanics) as if their forces were condensed into their “ centre of 
gravity 55 (the point midway between them), whilst the moving 
electron has to touch the outsides of both of them and so is con¬ 
strained to move in one plane and thus give an ovoid orbit slightly 
wider at one end than at the other. In simpler coloured substances, 
of course, the orbit round two positive centres may be in almost 
any plane. 

The hydroxyanthraeenes and the hydroxyanthraquinones having 
been disposed of, it remains to discuss the colours of the hydroxy- 
anthraquinols and hydroxyanthranols. . ; ^ i 
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(a) Aathraquinol itself (in alkali) has a much higher colour than 
anthraquinone, a phenomenon sui generis , since it does not occur 
in the benzene and naphthalene series, in which the quinol has a 
lower colour than the quinone. It can only be explained on my 
theory by supposing the central ring flattened and the two (9 and 
10) hydroxyl groups attached outside in the same plane. In this 
way, the oxygen atoms can be sufficiently separated to agree with 
the theory and the observed colour (see Table I). In anthraquinone, 
however, the theory requires that the distance between the oxygen 
atoms shall be only two-thirds of that required for anthraquinol; 
this agrees with the ordinary buckled-ring structure. Figs. 3 and 
4 represent anthraquinone and alkaline anthraquinol according to 
the theory. 

It is difficult to investigate the hydroxyanthraquinols on account 
of their great liability to oxidation, but they appear to have even 


Fig. 3. 



Anthraquinone , 


Fig. 4. 



Ionised anthraquinol . 


Fig. 5. 



Colour-orbit in alizarin . 


higher colours than anthraquinol, requiring for explanation the 
ovoid orbit round oxygen atoms situated in the 1:9:10 and 
2:9:10 positions, 

(6) The hydroxyanthranols all have much the same colour as 
anthraquinol, intermediate in “height 55 between those of the 
corresponding hydroxyanthracenes and hydroxyanthraquinones. 
Those of the 1:10 and 2:10 type have slightly higher colours than 
those of the 1: 9 and 2 : 9 type (see Table I). The explanation of 
their colour on my theory is that the distance between the oxygens 
is intermediate between that for the hydroxyanthracenes and that 
for the hydroxyanthraquinones, both of which have been accounted 
for above. 

This shorter distance is accounted for by the fact that the central 
hydroxyl group of the anthranols is attached in the same way as 
the maso-hydrogen atoms of anthracene. It is thus plain from 
Fig* 2 that the distance from this hydroxyl to an a- or p-hydroxyl 
is less than in the case of the hydroxyanthraquinones. 
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Part II. 


Some reference to the views expressed in the Report of the 
British Association Committee on Spectra and Constitution (1922) 
is called for from one who still believes that there is a relationship 
between chemical constitution and the position of absorption bands. 

It is, of course, true that the portion of the field of ethereal 
vibration concerned with colour is less than one five-thousandth of 
the whole field. The author has, however, shown that the whole 
of the substances chemically related to a single parent substance 
possessing a band in this minute fraction of the possible field have 
also a band or bands in this same tiny region (J., 1923,123, Tables 
from p. 2797 to 2803), a fact which if ascribed to coincidence is 
incredible, but if ascribed to “ loading ” of the parent substance is 
eminently reasonable. For example, it appears to be impossible 
to make any derivative of azobenzene which shall not have a band 
somewhere between X 420 and X 600. 

Again, the harmonic results for the anthracene family could be 
simplified if it is admitted that such of the observations as were 
made in concentrated sulphuric acid are not directly comparable 
with those made in alkali. Every such observation should be 
corrected for the very considerable 44 loading ” effect of the solvent, 
in the same way as observations in alcohol must be corrected for com¬ 
parison with observations in water, whereupon the bands coincide. 

The case of benzene as studied by McVicker, Marsh, and Stewart 
is particularly interesting on account of the very definite harmonics 
arrived at (J., 1923, 123, 642, 817, 2147). The heads of the Tesla 
bands were found to be the 33rd, 34th, 35th, 36th, 37th, 38th, and 
39th harmonics of a fundamental in the infra-red at v = 987*1 
vibrations per cm.* (X = 10131 fjtp). 

The 36th harmonic (v = 35540, X = 281 J) is the strongest. There 
is also a fine structure of subsidiary bands, making probably 84 in 
all between X 310 and X 260, all expressible as submultiples of the 
fundamental (considered as a double band of XX 10131 and 10162) 


thus : v 




X harmonics. 


Combining this discovery with the knowledge of the positions of 
two observed infra-red bands of benzene at about XX1680 and 6750 


we find that we must either assume the real fundamental X of benzene 


to be twice that given above (20260 v == 493*5), in which case the 
harmonics go up to No. 78; or else keep to the result given above, 
with no harmonic higher than 39, and explain the band at 6750 pft 
by a special hypothesis. , 


* Stated as 98*71 in their paper, different units being used. 
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It is fairly clear, however, from the mass of evidence brought 
forward by Deslandres and referred to later on, that absorption 
bands possessing a fine structure are caused by the nuclei of the 
atoms of the molecule and not by the atoms or by the molecule 
itself. 

Part III . Stieglitz’s Theory . 

Stieglitz, on the contrary, believes with me that there is a con¬ 
nexion between colour and chemical structure or constitution. He 
has put forward a geometrical theory of the same character as mine 
(Franklin Institute Centenary Address, 17th September, 1924; 
Proc. Amer, Chem. Soc. } 1920, 43, 36), but differing fundamentally 
in that an electron orbit is assumed round one atom, but disturbed 
by the proximity of a second positive centre. The orbit, according 
to Stieglitz, is not an ellipse round the two positive centres, but is a 
Cassinian oval round one of them, apparently exactly as in Morgan’s 
theory of combination, the electrons being never sufficiently dis¬ 
turbed to become governed by two nuclei (see Chem . and Industry, 
1924,1071). A diagram is given there which in my opinion explains 
the whole subject, not only of chemical combination, but also of 
absorption and colour. The inner Cassinian ovals (3 in number in 
Morgan’s figure) represent some of the Bohr orbits as disturbed 
(but not seriously altered) by the proximity of a second positive 
centre; they represent what happens when electrons are affected by 
radiation when the second positive centre is distant. The outer 
ellipse, on the other hand, is the orbit suggested by the present 
author to explain colour and involves a comparative proximity of 
two ionised positive nuclei, so that the electron is completely 
displaced from one and can go round both. An intermediate 
stage is shown by the permanganate, uranyl, uranous, neodymium, 
erbium, and praseodymium ions, in which rhythmically related 
bands occur, but no fine structure in the bands. This is just possibly 
'connected with the intermediate lemniscate orbit. 

Stieglitz’s theory has not yet had its mathematics worked out 
and therefore cannot be tested quantitatively against my own, but 
he produces one case which is inconsistent with my theory (and also 
inconsistent with the theory of tautomerism), viz., the existence of 
two distinct dimethylmurexides, one of which is alloxandimethyl- 
uramilazomethine and the other dimethylalloxanuramilazomethine. 
S i m ilar ly, on Stieglitz’s theory there should be two isomeric forms of 
every unsymmetrical cyanine, for example, 

and 

NMeX NMe 
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In Stieglitz’s theory, which is founded on the general principle 
of ay-tautomerism, the carbon atom adjoining but outside a double 
bond is the one round which the perturbed oval orbit is performed 
by an electron; and the other positive centre is the farthest-away 
atom of the doubly bonded pair. 

Stieglitz’s theory gives a better explanation than mine of such 
problems as the colour of nitrosobenzene, sodium-benzophenone, 
.and other metal-ketyls, and Wieland’s substances with bivalent and 
Quadrivalent nitrogen. 

\ Part IF. Deslandres’s Theory . 

H.\Deslandres propounds a law among infra-red absorptions of 
simple substances whereby they are all connected together, whatever 
the observed substance may be. He expresses it (Cornet, rend ., 
18 Maj', 29 June, 17 Aug., and 28 Sept., 1925) in the form v = d x qjrs, 
in which d 1 is a universal constant or frequency (1062J vibrations 
per cm..), q is the harmonic number of the particular band, r is the 
number of “ octets ” in the compound, one being assigned to each 
hydrogen,* and s is a vulgar fraction {usually greater than unity), 
the value of which is irregular and has not yet been connected with 
the chemical constitution either of the molecule or of its atoms. 

Deslandres’s formula can of course be also written: X — krs/q, 
in which q, r, and s are as just defined, but h = 9412 ^ when X is 
expressed in 

Deslandres ascribes the origin of his universal constant to vibra¬ 
tion of the a-particle contained in all higher atomic nuclei. 

*rfchis vibration in the nucleus is supposedly synchronous with the 
irregular motion of the electron in the ovoid orbit suggested by 
Morgan (see p. 1820). 

I have nevertheless thought it interesting to work out what the 
values of the vulgar fraction are in the compounds discussed at the 
beginning of the paper. 

In constructing the following table the total variation of the 
constant has been kept less than ± i%, so as to fix the vulgar 
fraction. The vulgar fractions resulting are wholly erratic and 
disconnected, and therefore have no real existence. 

Benzene gives v = 1066/12 X 100/9 X (harmonics, viz., 6, 33, 34, 36, 36 ... 
39) for the brighter bands and v = 1062J/12 x 100/9 X (harmonics) for the 
satellites. Here 12 is the value of r; and the vulgar fraction a is 9/100. 
Henri’s vapour-absorption results (J. Phys. Radium, 1922, 181) give the 
fraction as 12/125. 

' Pyridine gives v — 1066/11 X 5/3 X (harmonics). Here 11 is the value 
of r and the vulgar fraction is 3/5. 

* E.g., five, not one, in methane : three in water, four in hydrogen sulphide 
and five in carbon disulphide. 
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Anthracene gives two alternative results, viz., 

(а) v — 1066J/24 x 9/8 X (harmonics from 53 to 82), or 

(б) v = 1060/24 X 10/3 X (harmonics from 18 to 22); plus 
v = 1065-3/24 X 16/5 X (harmonics from 19 to 24). 

Naphthalene gives v == 1064/18 X 14/9 X (harmonics from 34). 

Anthraquinone gives v = 10644/24 X 50/11 X (harmonics from 12). 

Dihydroanthracene gives v = 1061/26 X 35/4 X (harmonics from 7). 

Anthranol gives v = 1064J/25 X 29/14 X (harmonics from 29). 

1- Anthrol gives v = 1067/25 X 23/15 X (harmonics from 36). 

2- Anthrol gives v = 1066/25 X 35/8 X (harmonics from 14). 

Anthraquinol gives v = 1066/26 X 60/17 X (harmonics from 11). 

2- Hydroxyl ’anthranol gives v = 1067/26 X 16/5 X (harmonics from 16). 

3 - Hydroxy-§-anthranol gives v — 1063/26 X 3/1 X (harmonics from 16). 

Naphthazarin gives v = 1064/20 X 38/15 X (harmonics from 12). 

Alizarin gives v — 1060/26 X 5/3 X (harmonics from 23). 

Quinizarin gives v = 1065/26 X 4/1 X (harmonics from 10). 

Anthrarufin gives v = 1064/26 X 11/9 X (harmonics from 35). 

-Rw/oZ gives v = 1062J/26 X 11/7 X (harmonics from 36). 

Flavol gives v = 1060/26 X 40/9 X (harmonics from 14). 

2: 7 -Dihydroxyanthracene gives v = 1065/26 X 16/11 x (harmonics from 
41). 

1 : 5-Dihydroxyanthranol gives v — 1064^/27 X 32/7 X (harmonics from 13). 

2-Hydroxyanthraquirione gives v — 10654/25 X 25/13 X (harmonics from 

24). 

2 : 6-Dihydroxynaphthalene gives v = 1070/20 X 5/2 X (harmonics from 21). 

1-Hydroxyanthraquinone gives v = 1066J/25 X 12/5 X (harmonics from 

19). 

For comparison, Deslandres’s results for simple compounds have 
been recalculated to the same basis, and the vulgar fractions come 
out quite simple and to some extent interconnected, namely, from 

XTj- to 

The inference to be drawn from these considerations is that the 
absorptions of complex organic substances cannot be correlated 
with sub-atomic constants in the same way as the absorptions of 
simple substances. 

The absorptions of complex and unsymmetrical substances, 
whilst no doubt accompanied by absorptions due to the valency 
electrons and the nuclei of the atoms, are therefore essentially 
molecular. These absorptions arise from the relative positions of 
the unsaturated atoms in the molecule (N, O, S, along with the group 
C : C), and will in course of time be fully and quantitatively explained 
either by Stieglitz’s theory or my own. 

Deslandres’s theory and the harmonic part of the theory given 
in the British Association Beport can be incorporated in mine by 
supposing that the constant 112 in my equation (connecting X and 
molecular distance} is proportional to Deslandres’s ratio 10 7 . r j 
1062J# (r =* number of octets, q = harmonic number when the 
band is not the fundamental). Deslandres’s quantity s is then no 
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longer a whole number or vulgar fraction, but is a function of a 
molecular distance of the form a m f(e ), as given in Part I of this series 
(J., 1924,125,1137). 

Government Laboratory, 

Johannesburg. [Received, July §th, 1926.] 


CCXXXVm. —Some Observations on the Determin¬ 
ation of Surface Tension by Means of Capillary 
Rise. The Surface Tension of Water , Ethyl Alcohol 9 
Boron Trichloride , and Silicon Tetrachloride . 

By Herbert Mills and Percy Lucock Robinson. 

The availability of sufficient quantities of boron trichloride and 
silicon tetrachloride of high purity, together with the absence 
from the literature of a determination of the surface tension of 
the former, and the doubtful nature of the value ascribed to the 
latter, prompted this investigation. To establish the necessary 
technique, work was begun on water, the value for which has been 
determined with sufficient frequency to warrant its use for this 
purpose. Ethyl alcohol was included because of the present 
uncertainty in the accepted surface tension of this liquid, and 
also in order to extend certain observations made in the course 
of the measurements with water. 

The capillary-rise method for the determination of surface 
tension has received considerable attention in recent years, par¬ 
ticularly by Richards and Coombs (J. Amer. Chem. Soc., 1915, 
37, 1656, where brief mention is made of previous work), Harkins 
and Brown (ibid., 1919, 41, 499), Richards and Carver (ibid., 1921, 
43, 827), and Sugden (J., 1921,119,1483). Study of the literature 
led at once to a decision to use the important suggestion of Sugden 
(Zoc. cit.) and Michaelis (“ Praktik. d. physikal. Chemie,” 1921, 61), 
viz., that the difference in the capillary rise in two tubes should 
be used to measure surface tension. This constituted the most 
convenient method in that it removed at once the difficulty of 
ascertaini n g the exact height of the surface of the liquid in the 
containing vessel, which the elaborate experiments of Richards 
and Harkins (loc. cit.) and their co-workers'were designed to over¬ 
come. In the present work, however, three instead of two capillary 
tubes were used, and a vacuum apparatus was devised capable 
of giving a good fall of liquid surface and of being completely 
submerged in a thermostat. All measurements were made in an 
atmosphere consisting solely of the vapour of the liquid in question, 
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Preliminary work showed that the level of the water in the capillaries 
fluctuated to an easily measurable extent over a very long period, 
and furthermore that the movements were not necessarily in the 
same direction in the three tubes at the same time. All the liquids 
examined behaved in this way. 

Calculation of Surface Tension . 

From the general formula relating surface tension to capillary 
rise, the equation 

y = r iraffl + r 2 — r i)(& — ^)/ 6 ( f i — r 2) 
may be derived, where and r 2 are the radii of two capillaries, h 
is the observed difference in height of two meniscuses in these 
tubes, D and d are, respectively, the densities of the liquid and 
the atmosphere over it, and g is the acceleration due to gravity. 
The value of g used was 981-45, and the surface tension, y, is ex¬ 
pressed in dynes per cm. In this investigation the capillaries 
were narrow enough to avoid any serious departure of the menis¬ 
cuses from a hemispherical form, thus rendering unnecessary the 
corrections suggested by Sugden ( loc . ciL ). The diameters of tubes 
available were such that the rises in two were to nearly the same 
height, while that in the third was much lower, and as the pro¬ 
portional error in the measurements of h tends to increase as h 
diminishes, the smallest difference was not used in the calculation 
of surface tension. 

Experimental. 

The Preparation and Calibration of the Capillary Tubes. —The 
importance of a very rigorous cleaning of the capillary tubes cannot 
be overestimated: Harkins and Brown {loc. cit .), who gave this 
matter particular consideration, used prolonged passage of the 
vapour of the liquid concerned in the determination as the final 
cleaning process before use. The tubes here employed were steeped 
for several days in a solution of chromic acid in concentrated nitric 
acid, washed well by drawing water through them, almost sub¬ 
merged for 3 hours in boiling alcohol in such a manner that there 
was a continuous regular flow of liquid up through them, and 
finally steamed for 3 hours in the apparatus shown in Fig. 1— 
A is the capillary under treatment, B the jacket surrounding it, 
and C a tube of special form delivering steam under pressure from 
the purest distilled water. For the determinations with water 
the tubes were put into the apparatus wet from the steaming, but 
for the other determinations they were drained by holding them 
in a vertical position and touching the lower end with clean filter 
paper, and then dried at 110° in an electrically heated oven. After 
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their introduction into boiling alcohol the capillaries were handled 
only with several layers of clean filter paper between the fingers 
and the glass, in order entirely to prevent the possibility of the 
formation of a grease film. 

The calibration of the capillary tubes was effected by three 
different methods in the case of A, B, and C, using (1) an ordinary 
physical travelling microscope, (2) a cathetometer, and (3) a 
travelling microscope, made by the Cambridge Instrument Com¬ 
pany, and reading directly to 0*01 mm. and by estimation to 0*002 

Fig. 1. Fig. 2. Fig. 3. 


mm. The last instrument only 
was used in the case of D, E,. 
and F. The mercury threads 
employed were weighed, after 
being removed from the tubes 
by means of dry air to a small 
glass weighing-bottle lid, on a 
special balance with calibrated 
weights, with the precautions 
usually taken in precise work. 

The weighings were to 0*01 mg. The uniformity of the bore was 
first examined by the introduction of a short thread of pure 
mercury, the length of which was accurately measured, in over¬ 
lapping positions, along the whole length to be used. The results 
obtained by using the Cambridge instrument are in Table I, where the 
lengths of the threads are given in mm., and the figures marked with 
an asterisk denote the distance of the middle of the threads from the 
lower ends of the tubes. 


A. 

Table I. 

B. 

C. 

8 cm* 8*235 

7 cm.* 10*980 

8 cm.* 11*397 

8*246 

10*991 

11*391 

8*233 

‘ 2cm.* 10*991 

11*395 

8*238 


11*394 

2 cm.* 8*247 


11*399 

D. 

E. 

2 cm** 11*396 
F. 

8 cm* 13*498 

5 cm.* 14*757 

4 cm.* 13*173 

13*478 

14*767 

13*174 

13*477 

14*760 

2 cm.* 13*164 

2*5 cm.* 13*489 

1 cm.* 14*757 

•. • 





1826 •MTT.T.s AND ROBINSON : SOME OBSERVATIONS ON THE 

The uniformity of the tubes may be expressed as a maximum 
percentage difference in the length of the threads; the following 
results are obtained : A, 0*17% ; B, 0*09% ; C, 0*07% ; D, 0*09% ; 
E, 0*08%; F, 0*08%. These tubes compare unfavourably with 
those of Richards and Coombs ( loc . tit), for which uniformity was 
claimed, and also with those of Harkins and Brown ( loc . cit.), 
where the difference was 0*03% on a thread of about 16*8 mm. in 
length, but they were the best from 50 lb. of capillary tubing, 
much of it specially drawn for this research, and their selection 
involved 4 weeks of constant work. The radii were obtained by 
measuring and weighing three threads about 4 cm. long and one 
or more shorter threads of pure mercury about 1 cm. long in each 
tube, the temperature at the time of measurement being noted 
and the density of the metal being computed (Smithsonian Physical 
Tables, 7th Edtn.). The observation of Harkins and Brown 
(loc. cit.) that there is a definite sag in the mercury meniscus with 
the tubes in a horizontal position even when the radius is as small 
as 0*2 mm. was confirmed; it was corrected for, as suggested by 
them, by subtracting the length and weights respectively of a 
shorter thread. The radii of the tubes were determined with the 
Cambridge measuring microscope, the calibrations being restricted 
to the lengths actually used, and are believed to have an accuracy 
of 0*1% and 0*05% for the narrower and the wider tubes respectively. 

Table II. 

Tube . A. B. C. D. E. F. 

r (in mm.) ...... 0-07325 0-20168 0-25287* 0-27165 0*41354 0-49920 

The ends of all tubes were examined for ellipticity with a microscope 
and found to be satisfactory in this respect. 

. The Surface Tension of Water .-^Preliminary work with three 
capillary tubes of approximately the bore indicated above showed 
that definite vertical movement of the meniscuses took place with 
the tubes either arranged in a triangular formation 4 cm. apart 
or bound together in a bundle. The results indicated that con¬ 
cordant surface tensions would be obtained from either arrange¬ 
ment provided that sufficient time was allowed to elapse after 
lowering the level of the liquid. This led to the construction of 
a vessel of the form indicated in Fig. 2, in which A represents the 
prepared capillaries, held in position in the wider tube, B, by the 
taper at C and the extension, D. The fall in level of the liquid 
was secured by raising the glass plunger, E, which was suspended 
from the long screw, F. This apparatus, charged with first-quality 
water, was submerged to the point G in a thermostat at 25° ± 0*01°, 
and the height of the water in the capillaries was observed by 
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means of a cathetometer reading to 0*01 mm. at intervals of about 
10 minutes for 2*5 hours from the time at which the level of the 
liquid was lowered. During this period the heights of the menis- 
cuses in the three tubes fell irregularly, giving, when plotted against 
time, a sinuous downward-sloping curve, recording maximum falls 
of 0*72 mm., 0*64 mm., and 0*74 mm., respectively. As the upper 
part of the apparatus, which was closed with a loosely fitting cork, 
had protruded from the bath, the fall was ascribed, correctly as 
it was subsequently proved, to evaporation. This explanation was 
tested by maintaining the bath at 17*4°, i.e., about 0*5° below 
laboratory temperature, and repeating the observations without 
changing the water or re-treating the tubes; 24 observations, 
spread uniformly over 5 hours, were taken, with the result that 
sinuous, slightly rising curves were now obtained, showing minimum 
points 0*12, 0*17, and 0*17 mm., respectively, below the initial 
heights after about 2-5 hours, and a maximum rise at the end of 
the periodrof 0*39, 0*22, and 0*04 mm. above. Such changes could 
not be explained by either evaporation or irregular drainage, and 
further investigation was undertaken in an apparatus (Fig. 3) 
which consisted of a barrel, A, 2*5 cm. wide, terminated below in a 
cone-shaped point and above in the centrally disposed tube, C, 
suitable in width for holding steadily the three capillary tubes. 
The side limb, D, was provided for lowering the level of the liquid, 
and E with its capillary served for filling and evacuation. This 
vessel was cleaned with chromic—nitric acid mixture, well washed 
with distilled water, maintained full of boiling alcohol for 4 hours, 
and finally well rewashed with best-quality water. When thus 
prepared, the freshly steamed capillary tubes were slid down C 
into such a position that the three could be observed from the 
selected direction, and C was drawn off just above the tops of the 
capillaries. Water (prepared by treating first-quality distilled 
water with a trace of alkaline permanganate, redistilling with 
considerable rejection of head and tail fractions, and again twice 
distilling the main fraction with rejections) was used for the three 
final washes in the apparatus. These distillations were carried out 
successively without delay, and the final material, which was 
distilled directly into E, served as the sample to be examined. 
E was at once attached to the pump and the whole of the air was 
removed, -the water being warmed to facilitate this, after which 
the apparatus was sealed off under the pressure of water vapour 
only. The surface-tension vessel was completely submerged in a 
thermostat maintained within 0*01° of the required temperature 
and, a fall in level of the liquid having been obtained by tilting 
the apparatus and allowing a portion to run into D, the heights 
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of the meniscuses were observed with a cathetometer reading to 
0*01 mm. The tubes were arranged so that the threads of ali 
could be observed without swinging the telescope of the instru¬ 
ment in a horizontal plane, both they and the cathetometer having 
been brought to a vertical position. The glass forming the barrel, 
A, had been carefully selected for uniformity and lack of distortion, 
and careful measurements, made at different places over the range 
actually used, indicated that the images of the meniscuses were not 
appreciably changed in apparent relative position. The regularity 
of the results derived from different sets of observations bears out 
this conclusion. Table III gives one complete set (Set K) of 
observations for water at 25° and indicates the general nature of 
the fluctuations in height observed throughout this work, namely, 
that the most rapid and extreme variations are found within the 
first hour, that these variations grow less with time, and that 
after a period of about 10 hours they have almost entirely vanished. 
Table IV gives the surface tension calculated from the data in 
Table III, and shows that the two values come closer together 
with the passage of time, the difference falling from 0*26 to 0*07 unit. 

Table III. 


Time from zero (min.)... 6 18 34 50 86 123 158 219 271 340 

Tube F (mm.) . 0-62 0*77 0*71 0*69 0*72 0*75 0*75 0*78 0*78 0*78 

Tube B (mm.) .. 25*56 25*41 25*49 25*46 25*48 25*49 25*52 25*53 25*56 25*55 

Tube C (mm.) . 29*59 29*60 29*63 29*65 29*60 29*62 29*67 29*66 29*66 29*71 

Time from zero (min.) ... 389 458 520 575 636 696 754 787 813 

Tube F (mm.) . 0*85 0*77 0*84 0*83 0*83 0*83 0*83 0*83 0*83 

Tube D (mm.) .. 25*55 25*56 25*58 25*60 25*63 25*64 25*64 25*64 25*64 

Tube C (mm.) . 29*70 29*70 29*72 29*69 29*70 29*71 29*70 29*71 29*70 


Table IV. 



First hour. 

Middle hour. 

Last hour. 

_ A _ 


Mean h 

Mean h 


Mean h 

"" *N 

Tubes. 

(mm.). y. 

(mm.). 

y* 

(mm.). 

y* 

C and F, 

28*920 72*31 

28*900 

72*26 

28*875 

72*20 

D a nd F 

24*783 72*05 

Time range 

24*770 

Table V. 

72*01 

24*810 

72*13 

Set. 

Temp. (hrs.). 

Tubes. 

h. 

y* 

y, mean. 

I. 

25° 11*5 

C, F 

28*86 

72*16 

72*16 

J. 

21 7 

C, F 

29*07 

72*75 

72*75 

K* 

25 14 

C,F 

28*88 

72*20 

72*17 



D, F 

24*81 

72*13 


Table V summarises the data for water using (D — d) a5 . = 0-99705 
and (D — d) 21 * = 0-99800, In Sets I and J only one result is 
recorded because of the behaviour of tube E, which, although free 
from irregularity of bore or defect obvious under the microscope, 









DETERMINATION OF SURFACE TENSION, ETC. 1829 

persisted in preventing water from rising beyond a certain point. 
Presumably this was due to some condition of the surface of the 
glass at this point which tended to inhibit wetting. 

The Surface Tension of Alcohol. —A vessel similar to that described 
in the case of water was successively cleaned with chromic-nitric 
acid mixture, alkali, water, alcohol, and ether, and finally dried 
along with the capillary tubes, which had been treated as described 
previously, in an electrically heated oven. The alcohol used in 
Sets D and E was only roughly dried, that used in Set F was dried 
rather more thoroughly but still probably contained traces of 
moisture. Special precautions were, however, taken in the prepar¬ 
ation of the alcohol for Set H, which was absolute alcohol redistilled 
with considerable rejections, refluxed over lime warm from burning 
for 3*5 days, the lime being changed at the end of the first day 
and a head and a tail fraction being rejected in the process. In 
distilling the liquid into the dried-out vessel, special precautions 
were taken to avoid contact with the air as far as possible; the 
whole operation lasted less than 0*25 hour and the apparatus was 
at once evacuated and sealed off. Table VI summarises the results 
for alcohol, all but Set H being considered as preliminary work 
with material containing water. The values ( D — d) 25 . — 6*78491 
and (D — d) 15 . = 0*79352 were used throughout. 


Table VI. 


Set. 

Temp. 

Time range 




y> 

(hrs.). 

Tubes. 

h. 

y. 

mean. Remarks. 

C. 

25° 

4-0 

A, B 

A, D 

49*81 

57*12 

22*04 

22*09 

22*06 ^ 

| Alcohol 

E. 

15 

7-0 

A, B 

A, D 

51*33 

58*86 

22*96 

22*96 

„ - containing 
22*96 | moisture. 

F. 

25 

12 

A, B 

A, D 

49*01 

56*19 

21*70 

21*68 

2T69 \Drier 

/ alcohol. 

H. 

25 

24 

A, B 
A,D 

48*77 

55*97 

21*58 

21*60 

21*59 \Dry 

/ alcohol. 


The Surface Tension of Boron Trichloride. —Boron trichloride of 
high purity (for history of material and manipulation see subsequent 
paper by Parker and Robinson) was distilled into a similar surface- 
tension apparatus which had been thoroughly cleaned, dried, and 
evacuated. Two sets of observations were taken—at 25° with 
15 readings, and’at 21° with 10 readings. The data are given in 
Table VII, the values (D — c£) 25 . = 1*3144 and ( D — d) 2r = 1*3207 
being used. 

The Surface Tension of Silicon Tetrachloride .—The procedure 
was exactly as with boron trichloride (for history of material and 
manipulation see Parker and Robinson, loc. but, unfortunately. 
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Table VII. 


Set. 

M. 

Temp. 

25° 

Time range 
(hrs.). 

10 

Tubes. 

A, B 

A, D 

h. 

21*71 

21*91 

y* 

16*07 

16*07 

y, mean. 
16*07 

N. 

21 

9-5 

A, B 

A, D 

22*22 

25*49 

16*52 

16*52 

16*52 


at the end of the distillations the sudden boiling of a drop or two 
of liquid in the plunger arm of the special joint caused a fracture, 
and air entered the apparatus. The broken portion was at once 
drawn off and the apparatus attached to the pump and evacuated 
so that exposure to air was not longer than 1*5 minutes. There 
was no evidence of hydrolysis in the apparatus, nor did the behaviour 
of the liquids in the capillaries suggest that the admission of air 
had had any detrimental effect; nevertheless, these results are 
given provisionally and it is proposed to repeat this portion of the 
work with other material of similar purity which is available. 
Table VIII gives these provisional results, 15 observations being 
taken in each set ; (D — d) 25 . = 1*4685 and (D — d) 21 . = 1*4771 
were used. 


Table VIII. 

Time range 


Set, 

Temp. 

(hrs.). 

Tubes. 

h. 

y* 

y, mean. 

O. 

25° 

12 

A, B 

A, D 

23*11 

26*51 

19*11 

19*11 

19*11 

P. 

21 

12 

A, B 

A, D 

23*54 

27*01 

19*58 

19*59 

19*59 


Discussion. 

It has been shown that tubes of a much smaller bore than have 
usually been employed can be used in the determination of surface 
tension to a high degree of accuracy by the method suggested by 
Sugden (loc. cit.), but concordant results with two or more such 
tubes axe obtained only several hours after the lowering of the 
liquid level. The thorough cleaning of the capillaries emphasised 
by other workers is found to be necessary. Distinct advantage 
attends the use of three in place of two tubes, and the results are 
the same whether they be separated from one another by several 
cm. or bound together in a bundle, the latter arrangement being 
more convenient. During the first hour or so, the meniscuses in 
the capillary tubes show slow oscillations, sometimes opposite 
in direction in two tubes at the same time, or coinciding with no 
movement in another tube, while the mean heights tend to decrease 
throughout the same period, and surface tensions calculated from 
differences in the heights obtained at any moment do not show 
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good agreement amongst themselves. These movements gradually 
decrease and are followed by a series of more or less spasmodic 
rises which continue, although they may be separated by intervals 
as long as one or two hours, until the maximum rise for each tube 
is reached. That these rises are to be ascribed to surface forces, 
and not to any change in level of the main liquid surface from 
drainage or other causes, is proved by the fact that they are in¬ 
variably preceded by a greatly increased curvature of the meniscus, 
as though the centre were being drawn down, whilst, furthermore, 
the movements take place at times and to extents which are not 
the same in the different tubes. 

If the forces producing the rises were being applied at the base 
of the col umns , a flattening of the meniscuses and concurrent rises 
in the three tubes would be anticipated. The whole subject is 
being investigated, but a careful examination of the available data 
leads to the conclusion that for the same liquids the changes in 
the heights of the meniscuses decrease with increasing size of 
capillary, while the period required to reach the maximum rise 
and the equilibrium is slightly less in the wider tubes, and that 
with the same bore the magnitude of these changes in the liquids 
considered grows less in the order alcohol, water, silicon tetra¬ 
chloride, boron trichloride. The inference made here is that, after 
the oscillations of the initial period have damped down, the change 
in level of the meniscus due to spasmodic rises is probably related 
to viscosity, for the viscosities of alcohol add water are known to 
decrease in the order noted, while those of the chlorides, although 
apparently not determined, are certainly less than that of water. 
It is suggested that the maximum rise attained when the meniscuses 
are at rest corresponds to the true static equilibrium between 
surface energy and gravity, and that the figure calculated from h 
in these conditions corresponds to the true surface tension. It 
should be pointed out that, once equilibrium is reached, the menis¬ 
cuses are not observed to move either of their own accord or when 
the vessel has been made to tremble by tapping, thus suggesting 
the stability above implied. 

Surface tensions are usually given at 20°, and Table IX records 
the values now found (in contact with only the vapour of the sub¬ 
stance) corrected to this temperature, together with the change per 
degree. 

Table IX. 


Substance. y. Change in y per degree. 

Water.. 72*90 ± 0*04 0*15 

Alcohol . 22*05 ± 0*01 0*09 

Boron trichloride .. 16*70 ± 0*01 0*11 : 

Silicon tetrachloride . 19*71 i 0*01 0*12 - 

3 Q 2 
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The value for water agrees most closely with the 72*80 of Harkins 
and Brown (loc. cit.), but is much higher than the 72*74 of Richards 
and Coombs (loc. cit .), the 72*70 of Sugden ( loc . cit.), the 72*61 of 
Worley (J., 1914,105, 266), or the 72*8 given as the most probable 
value by Freundlich (“ Colloid and Capillary Chemistry/ 5 1927, 
24). In the case of alcohol there have been numerous previous 
determinations yielding results varying from 21*2 to 22*4. The 
value given above agrees closely with the 22*0 of Ramsay and 
Shields (Phil. Trans., 1893, 184, 647), and the precautions taken 
in this work render it the most probable value at the present time. 
The surface tension of boron trichloride has not hitherto been 
recorded. Silicon tetrachloride has received attention from Ramsay 
and Shields (loc. cit.), who found y = 16*31 at 18*9°, i.e., 16*20 at 
20°; from Walden (Z. anorg. Chem., 1900, 25, 218), who found 
y = 18*20 (1 0*005482), i.e., 16*23 at 20 c ; and from Mendeleev 

(Pogg. Ann., 1870, 141, 618), who found 15*13 at the b. p. (57°), 
which is approximately equivalent to 19*20 at 20°. 

University of Durham, Armstrong College, 

Newcastle-upon-Tyne. [ Received , May 9 th , 1927.] 


CCXXXIX .—The Factors controlling the Formation of 
Some Derivatives of Quinoline , and a New Aspect of 
the Problem of Substitution in the Quinoline Series . 
By Elwyn‘ Roberts and Eustace Ebenezer Turner. 

An apparently excellent method for obtaining quinoline derivatives 
OI) is that devised by Combes (Bull. Soc. chim., 1888, 49, 90; 
Compt. rend., 1887, 106, 142), namely that of warming, with con¬ 
centrated sulphuric acid, the condensation products (la or ft) of 
acetylacetone with primary aromatic amines : 



Previous work has shown that most simple substituted anilines 
condense readily with acetylacetone, even where, as in 2 :6-di- 
methoxyaniline, a marked steric effect must be supposed to occur 
(Turner, J., 1917, 111, 1), and it has now been found that, although 
o-, m~, and j)-chloro-, 2 : 4-, 3 .* 4-, and 3 : 5-dichloro-aniline do so. 
2 :5-dichloroaniline condenses only partially. The ease of condens- 
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ation appears to be affected most by the basicity of the aniline 
used, for no nitroaniline, simple or complex, can be caused to con¬ 
dense with acetylacetone. It may be noted that acetylacetone 
condenses less well with most bases than does, for example, salicyl- 
aldehyde, which rapidly converts 2:5-diehloroaniline into the 
o-hydroxybenzylidene derivative. 

The second stage of the Combes quinoline synthesis, namely, the 
intramolecular condensation of an anil of acetylacetone, is, how¬ 
ever, much more definitely affected by the nature of the sub¬ 
stituents present. Thus, whilst the condensation products, with 
acetylacetone, of aniline and £>-toluidine (Combes, loc. cit .), those 
of 2 : 3-, 2 : 5-, and 3 : 4-dimethoxyaniline, that of 2-bromo-4 : 5- 
dimethoxyaniline (Lions, Perkin, and Robinson, J,, 1925, 127, 
1158), and, as now shown, that of m-chloroaniline readily pass 
into the corresponding substituted 2:4-dimethylquinolines, a 
number of not very dissimilar anils do not, under corresponding 
conditions, undergo conversion into quinolines to any measurable 
extent. Into this second class fall the condensation products , with 
acetylacetone, now examined for the first time, of o- and jp-chloro- 
anilines, 2:4-, 2 : 5-, and 3 : 5-dichloroaniIines, and o-anisidine. 
Koenigs and Mengel ( Ber ., 1904, 37, 1322) were similarly unable to 
obtain 6-methoxy-2 : 4-dimethyIquinoline from (3-^-methoxyanilino- 
propenyl methyl ketone. Marckwald and Schmidt (Annalen, 
1893, 274, 331) showed that, whilst both m- and jp-phenylenedi- 
amines condensed with two molecules of acetylacetone, treatment 
of the products with concentrated sulphuric acid afforded an 
amino-2 :4-dimethylquinoline (and not a phenanthroline) in the 
former case, and no quinoline at all in the second. Incidentally, 
Biilow and Issler (Ber., 1903, 36, 4013) effected the conversion of 
p-m-hydroxyanilinopropenyl methyl ketone into a mixture of 
hydroxy-2 :4-dimethylquinolines by using, not concentrated sul¬ 
phuric acid, but hydrogen chloride and glacial acetic acid as the 
condensing medium. 

It appears possible to draw certain definite conclusions from 
these facts. For example, when a strongly ortho-para directing 
group is present in the meta-position to the nitrogen atom [3 or 5 
in (I)], condensation proceeds readily, even if a similar group is 
present in an unfavourable position, as in 2:5-, 3:4-, and 2 : 3- 
dimethoxyaniline. On the other hand, a strongly ortho-para 
directing group present in position 4 (I), in absence of other sub¬ 
stituents in favourable positions, appears to be sufficient to prevent 
quinoline formation (o- and ^-anisidine). The effect of chlorine is 
what would be anticipated from our knowledge of its power as a 
directive influence. Thus, whilst one chlorine atom in a favourable 
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position (meta to the nitrogen atom) is associated with exceptional 
ease of quinoline formation, a chlorine atom in another position 
prevents condensation (but compare the case of 3 : 4-dichloroaniline, 
below). It therefore seems that in these cases the ortho-directive 
influence of the nitrogen atom is, extraordinary though it may 
appear, feebler than the opposing ortho-para influence of a chlorine 
atom. Further, whilst steric factors do not prevent the operation 
of the directive influence of a methoxyl group, they appear to 
more than neutralise that of even two chlorine atoms. Thus, 
p-3 : 5-dich3oroanilinopropenyl methyl ketone [chlorine in positions 
3 and 5 in (I)] cannot be converted into the corresponding quinoline, 
although the two chlorine atoms and the nitrogen atom would be 
expected to favour condensation. From thifc fact, one might deduce 
that the dimethylquinoline formed from m-chloroaniline would be 
(HE) rather than (IV), since the steric effect would operate against 
the formation of the latter. That this inference is correct is proved 


Me Cl Me COMe 



later. It would also appear to follow from this that the compound 
obtained by Marckwald and Schmidt (loc. cit.) from m-phenylenedi- 
amine is 7-amino-2 : 4-dimethylquinoline. The non-formation of a 
quinoline from ff-phenylenediamine is of interest, for, since (3-p- 
aminoanilinopropenyl methyl ketone is presumably present as the 
ion (Y) in concentrated sulphuric acid solution, the most favoured 
position would appear to be that where condensation could occur, 
but does not. 

It is somewhat difficult, on the other hand, to explain why 
£-p-toluidinopropenyl methyl ketone [methyl in position 4 in (I)] 
is quantitatively converted into 2 :4 ; 6-trimethylquinoline (see 
Experimental). For, since p-chlorotoluene nitrates to roughly equal 
extents in the 2- and 3-positions (Holleman, Bee. trav . chim., 1909, 
28,408), the influence of a methyl group should approximate to that 
of a chlorine atom in type (I). The explanation may be, however, 
that just as replacement by chlorine, but not by methyl, diminishes 
the basicity of the aniline molecule, so it diminishes the ortho-para 
directive influence, already small, of the nitrogen atom in the 
acetylacetone anils. 

Particular interest attaches to the action of sulphuric acid upon 
the condensation product of acetylacetone with 3 :4-dichloroaniline 
(YIK Preliminary experiments showed no condensation, but then, 
on one occasion, a good conversion into a dichlorodimethylquinoline, 
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m. p. 119—120°, occurred. Attempted repetition of the successful 
experiment on at least a dozen occasions never gave an isolable 
quantity of this product, which, however, has been shown to be 6 :7- 
dichloro-2 :4:-dimethylquinoline (VII). 
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We regard these results as indicating that in (VT) there is a very 
delicate balance between the antagonistic and the favourable 
influences, so that the slightest variation from the ideal conditions 
for condensation is sufficient to prevent ring closure. 

The non-formation of quinoline in the cases referred to above 
can hardly be due to an initial condensation to the extent of a few 
units %, the water formed then, with the sulphuric acid, hydrolysing 
the unchanged anil of a weak base, for if this were so, condensation 
should have been observed where absolute or slightly fuming 
sulphuric acid was used. 

Partly in order to prove the constitution of the products (III) 
and (VII), and partly to institute a comparison of the Combes 
condensation with others leading to the same, and other, quinolines, 
we next directed our attention to the method first used by Reed 
(J. pr. Chem 1885, 32, 630), but generally known as the Beyer 
condensation (ibid., 1886, 33, 393). When heated with a suitably 
aged mixture of paraldehyde, acetone, and hydrogen chloride at 
100° in presence of nitrobenzene, o-, m-, and p-chloro-, 2 : 4-, 2 : 5-, 
3 :4-, and 3 : 5-dichloro-, and 2:4: 5-trichloro-aniline were con¬ 
verted into dimethylquinolines, although in every case the yield 
was poor. On the other hand, m-nitroaniline was apparently 
unaffected, whilst o-nitroaniline was converted in good yield into 
a compound other than the expected 8-nitro-2 : 4-dimethylquinoline. 
Again, 3-chloro-6-nitro- and 3:4-dichloro-6-nitro-aniline were 
converted into tarry substances from which nothing could be 
isolated. The object of attempting the latter two condensations 
was to synthesise reference compounds needed for the elucidation 
of the structure of (III) and (VTI). 

When on one occasion 3 :5-dichloroaniline was heated with a 
paraldehyde-acetone-hydrogen chloride mixture prepared 2 months 
previously, no 5 : 7-dichloro-2 : 4-dimethylquinoline was obtained, 
but, in good yield, a substance which has not yet been identified. 

The above results become of even greater interest when the 
Combes and the Beyer condensation are compared with those of 
Doebner and von Miller and of Skraup. The last thrde of these 
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condensations have been the subject of repeated investigation, but 
much uncertainty still exists as to the precise mechanism underlying 
them. Consideration of the papers of von Miller (Ber., 1891, 24 , 
1720; 1892, 25 , 2072), Jones and his collaborators (J., 1910, 97 , 
632; 1911, 99 , 334; 1912, 101 , 1376), Blaise and Maire (Compt. 
rend,, 1907, 144 , 93; Bull, See, chim ., 1908, 3 , 658), and Simon 
(Compt, rend,, 1907, 144 , 138) suggests, however, that the four 
reactions under discussion are similar in one respect, namely, that 
in the last stage they all appear to conform to the general scheme 
of (VIII) passing into (IX): 


COR' R' 



The Skraup, Doebner-Miller, Beyer, and Combes condensations are 
represented by this scheme when R = R' = H, R = Me and 
R' — H, R = R' = Me, and R = R' = Me, respectively. The 
assumption is not invalidated by the observations of Knoevenagel 
and his collaborators (Ber., 1922, 55 , 1923; 1923, 56 , 2414), nor 
can the fact that the so-called “ aldol bases " are formed in the 
Doebner-Miller reaction be regarded as involving a conception 
essentially different from that represented by the above scheme. 

Decker and Remfry (Ber,, 1905, 38 , 2773) concluded that both the 
Skraup and the Doebner-Miller reaction converted mono-meta- 
substituted anilines into 5-substituted quinolines. A closer examin¬ 
ation of the facts, however, shows that this is hardly the case, since 
Skraup reactions with these compounds actually fall into two 
classes. Those in which the meta-substituent is meta-directing 
(NOo, SO a H, and C0 2 H) give almost entirely 5-substituted quinolines 
(La Coste, Ber,, 1883, 16 , 669; Claus and Stiebel, Ber., 1887, 20 , 
3095; Knueppel, Ber., 1896, 29 , 703; Decker, J. pr. Ghem 1901, 
63 , 573; 64 , 85; Lellmann and Lange, Ber., 1887, 20 , 1446; 
Schlossen and Skraup, Monatsh., 1881, 2 , 518; Skraup, Ber., 1882, 
15 , 893; Skraup and Brenner, Monatsh 1886, 7 , 139, 519; Lell- 
maxrn and Alt, Annalm , 1887, 237 , 307), whilst, when the meta¬ 
substituent is ortho-para directing (Cl, Br, Me, OH), either a mixture 
of 5- and 7-derivatives results, or almost exclusively the 7-derivative 
(La Coste and Bodewig, Ber., 1884, 17 , 926; La Coste, Ber,, 1885, 
18 , 2940 ; Claus and Tomier, Ber,, 1887, 20 , 2872; Claus and Vis, 
J< pr. Ghem., 1889, 40 , 382; Skraup, Monatsh., 1882, 3 , 381, 531; 
Skraup, be. cit.; Skraup and Bronner, loc. cit.; von Braun, Gmelin, 
and Schultheiss, Ber., 1923, 56 , 1341). On the other hand, m- 
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nitroaniline gives mainly 5-nitroquinaldine (Decker and Remfry, 
loc. cit.), whilst it does not condense to any observable extent under 
the conditions of the Beyer synthesis. 

m-Chloroaniline gives rise to a mixture of 5- and 7-derivatives 
in the Skraup reaction (La Coste, 3 885, loc. cit.; Claus and co¬ 
workers, J.pr. Chem., 1893, 48, 253, 270), mainly to the 7-derivative 
in the Beyer reaction, and to the 7-derivative only in the Combes 
condensation. An inspection of (VIII) and (IX) suggests that the 
difference in position of condensation in the three reactions men¬ 
tioned is due to the steric effect of R'. Possibly the same 
effect prevents the formation of 5-nitro-2 :4-dimethylquinoline 
by the Beyer process, since for some reason, not clear at present, 
the quinoline ring apparently prefers to form in the ortho-position 
with respect to a nitro-group rather than in the para-position. This 
point is of considerable interest, since in the nitration of nitro¬ 
benzene, more ortho- than para-substitution occurs. 

Which constitution (la or 16) more accurately represents the 
constitution of the condensation products of acetylacetone with 
anilines cannot now be discussed, but we have observed that 
dibenzoylmethane condenses with freshly distilled aniline to give, 
as one product, a compound identical with that obtained by Watson 
(J., 1903, 83, 1326) by the addition of aniline to benzoylphenyl- 
acetylene, CPhJOCOPh. Watson regarded his compound as being 
either CHPh:C(NHPh)-COPh or NHPh-CPhlCH-COPh, and the 
formation of the same compound from dibenzoylmethane shows 
that the latter reacts in the enolic form, to give the second of the 
two substances formulated, i.e ., to give the anilino-derivative and 
not the phenylimino-compound, COPh’CH 2 *CPhINPh. One of us 
has previously observed (Turner, loc . cit.) that when acetylacetone 
is heated with excess of aniline it undergoes scission, giving acet¬ 
anilide. We have now found that benzanilide is formed as a 
second product when aniline reacts with dibenzoylmethane. 

The factors governing substitution in quinoline compounds 
are apparently less complex than would be assumed from first 
considerations. Quinoline and 2-methylquinoline both nitrate 
simultaneously in the 5- and 8-positions (Claus and Kramer, Ber 
1885,18, 1243, etc.), whilst 4-methylquinoline, on the other hand 
(Busch and Konigs, Ber., 1890, 23, 2687), gives only the 8-nitro- 
derivative, an effect almost certainly due to the steric influence of 
the methyl group in position 4. 2 :4-Dimethylquinoline would 
therefore also be expected to nitrate in position 8, and has actually 
been found to do so. The miro-compound on reduction gives 
8-a?nino-2:4-dimethylquinoline, and the latter is converted by the 
Gattermann diazo-method into 8 -chloro-2:4-dimethylquinoline % 
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identical with the product of the Beyer condensation, using o- 
chloroaniline. 

It would be thought that most of the substitution reactions 
of quinoline could be referred to the presence of the nitrogen atom, 
but actually this is not the case. Nor is it quite clear by what 
process conditio ns of nitration affect the proportion of 5- and 8-sub - 
stitution in quinoline itself. For example, when quinoline nitrate 
is added to fuming sulphuric acid, 5-nitroquinoline results (Dufton, 
J., 1892, 61, 783), whilst mixed acid converts quinoline itself mainly 
into the 8-isomeride (Konigs, Ber., 1879, 12, 449). If the former 
nitration were explained as that of the ion (X),. and the latter as 
that of the free base, then it would be difficult to explain why iso- 
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quinoline does not nitrate in position 7 (Claus and Hoffmann, J. pr. 
Ghem 1893,47, 253), and even more so why quinolinium methoni- 
trate also nitrates in positions 5 and 8 (Decker, Ber., 1905, 38, 
1274). A comparison of quinoline and naphthalene appears to 
solve these difficulties, for, just as the behaviour of naphthalene 
is tolerably well explained by Thiele’s formula (XI), so that of 
quinoline should be explained, at least to a considerable extent, 
by (XII), the following two facts being borne in mind : (1) Mills and 
Smith (J., 1922, 121, 2724) concluded that in the naphthalene 
molecule the two central (i.e., un-numbered) carbon atoms are 
joined by a double bond, (2) the pyridine molecule is markedly non¬ 
reactive, a property capable of explanation by formulating it as 
(Xni), since the highly unsaturated nitrogen atom may be assumed 
to take up residual affinity from the 4-position. That is, one 
would expect to find reactivity in the 5- and 8-positions in quinoline, 
corresponding to the reactivity of the four a-positions in naphthalene. 
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Indeed, the application of similar reasoning to the isoquinoline 
and thiazole molecules suggests an alternative explanation, of the 
interesting results obtained by Mills and Smith {loc. tit.), viz., in 
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zsoquinoline, chlorine * should be more reactive (towards hydriodic 
acid and red phosphorus) in position 1 than in position 3, and in 
thiazole, since the nitrogen atom is less saturated than the sulphur 
atom (compare XV and XVI), reactivity should be associated more 
with position 2 than with position 4—which is actually the case. 
If this explanation is correct, reactivity should also be greater in 
position 5 than in position 4. 

If (XIV) accurately represents the tsoquinoline molecule, the 
known nitro-derivative might be expected to be the 5- rather than 
the 8-compound. 

Quinoline actually resembles naphthalene very strongly in its 
substitution reactions, since a-nitronaphthalene corresponds with 
either 5- or 8-nitroquinoline. The analogy becomes even more 
striking when it is realised that, just as naphthalene-a-sulphonic 
acid is converted by concentrated sulphuric acid under definite 
conditions into the (3-isomeride, so quinoline-5-sulphonic acid is 
converted by the same reagent at 250—300° into the 6-isomeride 
(Lellmann and Eeusch, Ber. } 1889, 22, 1391). 

Nitration of 6-, 7-, and 8-ehloro-2 :4-dimethylquinohne appears 
to be controlled almost entirely by 5 : 8 reactivity, and by the 
ortho-para directive influence of the chlorine atom, which can 
act partly in the same sense. These overcome the steric effects 
which must be assumed in the case of the 6- and the 7-chIoro- 
compound [compare the nitration, by Armstrong and Wynne, of 
p-chloronaphthalene, where the a-position could be avoided, and 
is (Chem. News , 1889, 59, 225)]. For example, 6-chloro- and 
7-eh!oro-2:4-dimethylquinoline nitrate in positions 5 and 8, 
respectively. The 8-ehloro-compound nitrates in position 5, as is 
shown by the fact that the mfro-compound, on reduction, affords an 
amtfio-compound which is convertible into 5 : &-dichloro-2: 4- 
dimethylqumoline, identical with the product of Beyer condensation 
on 2 :5-dichloroaniline. 

That the ortho-para directive influence of the chlorine atoms in 
these compounds operates is shown by the results of nitrating 6- and 
7-ehloro-2 : 4-dimethylquinoline. The effect of 5 : 8-reactivity in 
the quinoline series is shown very clearly by the fact that 6-bromo- 
quinoline sulphonates in position 8 (Edinger, Ber., 1908, 41 , 937), 
whilst 6-chloroquinoline sulphonates either in 5 or in 8, according 
to conditions (Claus and Schedler, J. pr. Chem ., 1894, 49 , 355). An 
even more striking case is that recorded by Kaufmann and Hussy 
{Ber., 1908, 41 , 1735), who showed that 6- and 7-nitroquinoline 
nitrate to give, respectively, 5 : 6- and 6 : 8-, and 5 : 7- and 7 : 8- 

* The chlorine atom here appears to be of the positive type. 
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dinitroquinoline, i.e. } 5 : 8-reactivity causes some nitration to occur 
in the ortho-position to a nitro-group. 

Dichloro-derivatives of 2 : 4-dimethylquinoline also nitrate quanti¬ 
tatively to give only one product . Thus the 5 : 8-diehloro-derivative 
gives 5 : S-dichioro-Q-niiro-2 : 4:-dimethylguinoline, whose constitution 
is proved by its conversion, through the corresponding 6 -amino- 
compound, into 5:6: 8-trichloro -2 : 4 -dimethylguinoline, also 

obtained by Beyer condensation of 2 : 4 : 5-trichloroaniline. Nitra¬ 
tion of other diehloro-compounds undoubtedly occurs in position 
5 or 8, but it has been impossible to prove the constitutions of the 
products, since the amines obtained by reduction could not be 
converted into the corresponding chloro-eompounds. We have 
confirmed the observation made by Claus (compare J . pr. Chem 
1894, 49, 355) that the Sandmeyer reaction is unsuitable in the 
quinoline series, whereas the Gattermann method gives good results. 
On the other hand, the success of a replacement of an amino-group 
by chlorine depends also on the basicity of the amino-compound, 
and on the rate of diazotisation of the hydrochloride; for example, 
whilst 8-amino-, 6-chloro-o-amino-, 8-chloro-5-amino-, and 1-chloro- 
8-amino-2 : 4c-dimethylquinoUne diazotise readily, 5 : 8-dichloro-6- 
amino-2 : 4-dimethylquinoline diazotises slowly, 6 : 8 -dichloro-5( ?)- 
amino- still more slowly, and 5 : 6-dichloro-8( ? )-amino- hardly at all. 
5:6: 8-Trichloro-2 : 4-dimethylquinoline does not undergo nitration 
under the conditions employed. 

It was stated above that 3 : 4-dichloroaniline was converted by 
the Combes reaction into 6 : 7-dichloro-2 : 4-dimethylquinoline, but 
this fact was only established with considerable difficulty. o-Di- 
chlorobenzene was found to condense readily with acetyl chloride 
under Friedel-Crafts conditions to give 3 : 4c-dickloroacetophenone 3 
but the nitration of the latter caused unexpected diffi culties. These 
were finally overcome, and the 3: 4:-dickloro-2-nitroacetopheno?ie 
obtained was converted into the corresponding compound, 

which, when heated with acetone and a trace of alkali, gave an 
almost quantitative yield of 6 : 7-dichloro-2 :4-dimethylquinoline, 
m. p. 119—120°, identical with the product from 3:4-dichloro- 
aniline. The proof of the constitution of this product enabled us to 
deduce the constitution of the product of nitration of 6-chloro- 
2 : 4-dimethylquinoline. When this w T as reduced and the resulting 
amine was submitted to the Gattermann reaction, a dichlorodi- 
methylquinoline was obtained, also melting at 119—120°; this 
depressed the m* p, of the synthetic 6 : 7-isomeride, and was there¬ 
fore 5 : 6-dichloro-2 • 4-dimethylquinoline, since the 6 : 8-isomeride, 
obtained by Beyer condensation of 2: 4-dichloroaniline, melted at 
148—148-5°. 
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The chloro-2:4-dimethylquinoline obtained by the Combes 
reaction from m-chloroaniline, and therefore either the 5- or the 7- 
derivative, gave a nitro-compound which was converted into a 
chloroamino-compound. and thence into a dichloro-compound 
melting at 104—104*5°. The latter could only be 5:6-, 5:7-, 
5:8-, 6 : 7-, or 7 : 8-dichloro-2 : 4-dimethylquinoline. Of these 
compounds, three were already known, and 5 : l-dichloro-2 :4- 
dimethylquinoline, obtained by Beyer condensation from 3 :5- 
dichloroaniline, was found to melt at 84—86°. It therefore follows 
that the above chlorodimethylquinoline is the 7-derivative, and the 
derived dichlorodimethylquinoline the 7 : 8-derivative. 

6- Chloro-o-nitro-2 : 4:-dimetbylquinoline was found not to react 
with piperidine, and this led us to consider again the work of Mills 
and Smith (loc. cit.). If. with these authors, we assume the presence 
of a central double bond in the quinoline molecule, the 6-chlorine 
atom and the 5-nitro-group will be attached to carbon atoms joined 
by a double bond (XVII), a condition assumed by Borsche and his 
co-workers (. Annalen , 1913, 402 , 81; 1926, 447 , 1) to be associated 
with diminished reactivity of chlorine. One of these assumptions— 
we think that due to Borsche—appears to be incorrect, since 7 -chloro- 
8-nitro-2 : 4z-dimeihylquinoline (XVIII), in which almost similar 
conditions obtain, reacts readily with piperidine to give 8-miro- 7- 
piperidino-2 : A-dimeihylquinoline. 
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We have also investigated the chlorination of various chloro- 
derivatives of 2 :4-dimethylquinoline in presence of glacial acetic 
acid and anhydrous sodium acetate. 7-Chloro-2:4-dimethyl- 
quinoline gave a Zr&Moro-derivative, whilst 6- and 8-chloro- and 
5 : 6-dichloro-2 :4-dimethylquinoline gave tetrachloro-2 : 4- dimethyl - 
quinolines , all different. 5 : 8-Dichloro-2 : 4-dimethylquinoline, 
however, gave a pentachloro-2 : 4- dimethylquinoline , identical with 
the product of chlorinating the 6: 8-compound. All these com¬ 
pounds contain mobile chlorine (of the negative type), showing that 
chlorination has occurred partly in the methyl groups. Similar 
compounds were obtained by Konigs from 8-nitro-4-methylquinoline 
(Ber., 1898, 31, 2368) and later by Hammick (J., 1923,123, 2882). 
Little can be said with regard to the constitutions of our compounds,, 
except that the pentachloro-compound must, because of its dual 
origin, contain chlorine atoms in the 5-, 6-, and 8-positions. The 
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extent to which chlorination occurs is apparently determined neither 
by the amount of sodium acetate used, nor by the solubility of the 
compounds actually isolated. 

Experimental. 

Condensation of Substituted Anilines with Acetylacetone .—The 
general method adopted was to allow a mixture of the substituted 
aniline {1 mol.) with 1*1 mols. of acetylacetone to boil gently under 
reflux for 1—2 hours. The cooled product was then thoroughly 
shaken with water, benzene added, and the two layers separated. 
The benzene solution was shaken twice or thrice with water, dried 
over anhydrous sodium sulphate, and heated at 100° until free 
from benzene. In most cases, the anil was then pure enough to 
solidify when cooled. 

p-Toluidine. —The anil was obtained in almost theoretical yield, 
and after one crystallisation from light petroleum (b. p. 40—60°) 
formed massive prisms, m. p. 68—69°. Combes ( loc . cit.) gave 
m. p. 39—40°, whereas in D.R.-PP. 363,582 and 363,583 the m. p. 
is given as 65*5°. Ferriss and Turner (J., 1920,117, 1140) stated 
that the anil was converted, under the conditions now given for its 
formation, into 2:4: 6-trimethylquinoline. This, however, is not 
the ease. The anil, P-^-toluidinopropenyl methyl ketone, when 
treated with sulphuric acid by the usual method (see below) was 
quantitatively converted into 2:4:6-trimethylquinoline, m. p. 
43—45°. The m. p. (63—64°) quoted by Pfitzinger (J. pr. Chem 
1888, 38, 40) is evidently that of the hydrate, which w r e have found 
to melt at 63—65°. The concentrated sulphuric acid solution of the 
crude quinoline, when treated with potassium dichromate, remained 
a clear reddish-brown colour after some minutes’ boiling, indicating 
the absence of even small quantities of p-toluidine. Such quantita¬ 
tive conversion into a quinoline was not observed with the product 
from any other substituted aniline. 

o -Chloroaniline. — %-o-Ghloroanilinopropenyl methyl ketone was 
readily formed, and separated from light petroleum (b. p. 40—60°) 
in small plates, m. p. 66—67° (Found: Cl, 17*1. C^H^ONCl 
requires 01, 16*9%). 

p-Chloroaniline.—$-^-CMoroanilinopropenyl methyl ketone was 
readily obtained, and crystallised from light petroleum (b. p. 
40—60°) in rectangular prisms, m. p. 60—61° (Found* Cl 
17*0%). * ’ 

m-CJdoroaniline . $-T0Q.-Chloroanilinopropenyl methyl ketone , readily 
formed, crystallised from light petroleum (b. p. 40—60°) in plates; 
it had m. p. 42°, andb. p. I87°/13 mm. (Found :N,6*9. C^H.oONCl 
reqTiires IT, 6*7%). 
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o-Hydroxybenzylidene-Z-chloroaniline was readily obtained, and 
separated from alcohol in bright yellow needles, m. p. 99° (Found : 
N, 0-1. C 13 H 10 ONC1 requires N, 6*0%).’ 

2 : 4-Dichloroaniline. —This base condensed readily with acetyl- 
acetone. (3-2 : 4-Dichloroanilinopropenyl methyl ketone separated 
from aqueous alcohol in needles, m. p. 100*5° (Found: N, 5*8. 
C 11 H 11 ONCI 2 requires N, 5*7%). o-Hydroxybenzylidene-2 : 4-di- 
chloroaniline separated from alcohol in brilliant yellow needles, 
m. p. 90*5° (Found : N, 5*3. C 13 H 9 01SrCl2 requires N, 5*3%). 

2 : 5-Dichloroaniline. —The condensation of this base with acetyl- 
acetone presents two interesting features. When any other of the 
substituted anilines, dealt with was heated with acetylacetone at 
100° (the approximate b. p. of such mixtures), water was seen to 
separate after a few minutes. • In the case of 2 : 5-dichloroaniline, 
however, water only separated from the condensation mixture 
when the latter was boiling briskly. On cooling it a few degrees, the 
water redissolved. The second peculiarity observed was the small 
yield obtained, so that the (3-2 .* 5-dichloroanilinopropenyl methyl 
ketone was only isolable by distillation under diminished pressure 
(b. p. 190—200°/15 mm.) of the purified reaction product. It 
finally crystallised from light petroleum (b. p. 40—60°) in octahedra, 
m. p. 46°, o-Hydroxybenzylidene-2 : 5-dichloroaniline, on the other 
hand, was readily obtainable in good yield; the crude product 
crystallised from alcohol in bright yellow needles, m. p. 107° (Found : 
N, 5*4%). 

3 : 5-Dichloroaniline .—Condensation occurred readily, but the 
^-3: 5-dichloroanilinopropenyl methyl ketone was not obtained 
crystalline. The 3: 5-dichloroaniline required was obtained by 
reducing 3: o-dichloronitrobenzene by the iron method, the nitro¬ 
compound being prepared as follows (compare Holleman and 
Beiding, Bee. trav. chim 1904, 23, 366): A mixture of 85 g. of 
2: 6-dichloro-4-nitroaniline and 170 c.c. of concentrated sulphuric 
acid was diazotised at —5° with 56 g. of solid sodium nitrite. The 
dark paste obtained was slowly run into 600 c.c. of boiling 96% 
alcohol; immediate decomposition then took place, with the 
formation of an orange solution. Some sodium sulphate separated, 
and on diluting the mixture largely with water, the nitro-compound 
was precipitated. It had m. p. 62—65°, whereas the pure substance 
melts at 65°. 

3 : 4-Bichloroaniline. —This base condensed smoothly with acetyl¬ 
acetone to give (3-3 : 4-dichloroanilinopropenyl methyl ketone 9 which 
separated from alcohol in almost colourless needles, m. p. 73° 
(Found: N, 5*7%). o-Hydroxybenzylidene-%: 4-dichloroaniline 
crystallises from alcohol in long, yellow needles, m p. 113° 
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(Found : N, 54%). The 3:4-dichloroaniline required was pre¬ 
pared by reducing the corresponding nitro-compound by the iron 
method. 

o -Anisidine, —Condensation occurred readily to give P-o -metfioxy- 
anilinopropenyl methyl ketone , which separated from light petroleum 
(b. p. 40—60°) in plates, m. p. 51—52*5°. 

Z-Chloro-§-acetamidoaniline. —This also was found to condense 
with acetylaeetone, but the product, like that from o-anisidine, was 
not further examined, since it gave no quinoline derivative when 
treated with concentrated sulphuric acid. 

3 : 4z-Dichloro-§-nitroaniline. —This base was recovered unchanged 
after being heated with excess of acetylaeetone in a closed tube 
for 6 hours at 200°. The dichloro-base was readily obtainable by 
hydrolysing (90% sulphuric acid at 120° for 20 minutes) the corre¬ 
sponding acetyl derivative, the latter being prepared as described 
by Beilstein and Kurbatow ( Annalen , 1879,196, 225). 

Attempted Preparation of 2 : Z-Dichhroaniline. — (a) The nitration . 
of 3 :4-dichloroaniline in presence of a large excess of sulphuric 
acid led to a mixture of products, from which only unchanged base 
was isolated. It had been hoped that 3 :4-dichloro-5-nitroaniline 
would be obtained, and thence, by removal of the amino-group, 

2:3-dichloronitrobenzene. (b) o-Chloroacetanilide sulphonated 
readily when added to cold fuming sulphuric acid (25% S0 3 ). The 
solution was treated with nitric acid, and then evidently contained 
3-chloro-5-nitro-4-acetamidobenzenesulphonicacid (compare D.R.-P. 
206,345, dealing with a similar treatment of w-ehloroaeetanilide). 
The solution of the nitrosulphonic acid, when diluted slightly and 
boiled, contained acetic acid, but various methods tried did not 
give detectable quantities of 2-chloro-6-nitroaniline, from which it 
had been hoped to prepare 2 : 3-dichloronitrobenzene. 

Conversion or Attempted Conversion of Anils of Acetylaeetone 
into Substituted 2 : 4 -Dimethylquinolines. —The most satisfactory 
method of effecting this condensation was as follows: The anil 
was slowly added, as a jSne powder, or as a thin stream of liquid, 
to six times its weight of concentrated sulphuric acid, the latter 
being kept well shaken, and cooled below 5°. As soon as solution 
occurred, the mixture was heated for 0*5 hour on the boiling water- 
bath. The extent of condensation was readily diagnosed by diluting 
a little of the sulphuric acid solution. In cases of unsuccessful 
condensation, the odour of acetylaeetone became apparent at 
once, and, usually, the sulphate of the unchanged base separated. 
Neither of these observations was made in the case of a successful 
condensation, and the further addition of potassium dichromate 
then gave an immediate precipitate of the quinoline dichromate 
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(see above under ^-toluidine). The isolation of the quinolines 
presented no difficulty. 

$-'Anilinopropenyl Methyl Ketone. —The yield of pure 2 :4- 
dimethylquinoline obtained was 90% on the weight of anil taken, 
or 75% on the weight of aniline. The success of this condensation 
appears to depend largely on the purity of the anil, the distillation 
of which (Combes, loc. cit.) is not only unnecessary, but disadvan¬ 
tageous. 

The anils from acetylacetone and o- and p-chloroaniline, 2:4-, 

2 : 5-, and 3 : 5-dichloroaniline, o-anisidine and 3-chloro-6-acetamido- 
aniline were not converted into the corresponding quinolines by the 
sulphuric acid method. Use of absolute sulphuric acid, or of 
slightly fuming acid, or variation of the temperature of heating 
made no difference to the result. 

The anil from 2 : 5-dimethoxyaniline behaved exactly as described 
by Lions, Perkin, and Robinson (loc. cit.), the yield of 5 : 8-di- 
methoxy-2 : 4-dimethylquinoline being almost quantitative. 

fi-m-Chloroanilinopropenyl Methyl Ketone. —This anil (compare 
that last mentioned) was converted almost quantitatively into 
l-chloro-2 : 4-dimethylquinoline , the hydrate of which separated from 
aqueous alcohol in colourless needles, m. p. 61° (Found: Cl, 16*7. 
C n H l6 NCl requires Cl, 18-5%. C n H 10 NCl,H 2 O‘ requires Cl, 
16*9%). Crystallisation of the hydrate from light petroleum 
afforded the anhydrous base in prismatic needles, m. p. 46*5—48*5° 
(Found: Cl, 17*9%). The quinoline is obtained in almost 
theoretical yield if the anil-sulphuric acid solution is heated, not at 
100°, but at 130—140°. 

1 -Chloro-2 : 4-dimethylquinoline hydrochloride forms colourless 
needles, m. p. 277° (decomp.), soluble in water [Found: Cl (ionisable), 
15*8. C n H 10 NCl,HCl requires Cl (ionisable), 15*6%]. The sulphate 
separates from water in rhombohedra, and the dichromate in brilliant 
yellow needles. The silver nitrate additive compound , colourless 
needles [Found: Ag, 17*8. (C n H 10 NCl) 2 ,AgN0 3 requires Ag, 
17*6%] melts at 197° (decomp.). 3 * * 

In an attempt to synthesise this quinoline, various experiments 
were carried out on the preparation of 4-chloro-2-aminoacetophenone. 
(1) This substance could not be isolated from the produr^of inter¬ 
action of ^-chloroaniline with acetic anhydride .in presence of zinc 
chloride, although aniline, under similar condition/is known to 
afford jp-aminoacetophenone (Klingel, Ber ., 1885, is, 2688). (2) 

2:4-Dinitroethylbenzene was not converted into 2 ; 4-dinitro- 
acetophenoneoxime when kept at room temperature in presence# 
of amyl nitrite and piperidine, although, Reich anti Nicolaeva 
Chim. Acta. 1919, 2, 84) obtained a small yield'oftfrft 
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sodium ethoxide as the condensing agent. (3) 2 :4 -Dichloro- 
acetophenme was not converted into 4-chloro-2-aminoacetophenone 
when heated for 6 hours at 180° with alcoholic ammonia. ( The 
2 :4-diehloroacetophenone was obtained in 15% yield by condensing 
m-dichlorobenzene with acetyl chloride in presence of al uminium 
chloride. The majority of the dichlorobenzene was recovered 
unchanged. 2 :4-Dicbloroacetophenone has m. p. 33—34°, and 
b. p. 140—150°/15 mm. (Found: Cl, 37-2. C 8 H 8 0C1 2 requires Cl, 
37*5%). To a boiling suspension of 1 g. of the ketone in 100 c.c. of 
1-5% aqueous sodium hydroxide, were added 2-23 g. of potassium 
permanganate dissolved in 50 c.c. of water. Imm ediate oxidation 


occurred, and the sole product obtained, after crystallisation from 
A aqueous alcohol, was 2 : 4-dichlorobenzoic acid, m. p. 161—162^ 

M : 4-Dichloroanilinopropenyl Methyl Ketone. —The only success¬ 
ful condensation of this compound was carried out by slowly adding 
the anil to five times its weight of cooled concentrated sulphuric 
acid, and heating the resulting solution at 130—140° for 4 hours. 
On cooling and pouring the mixture into water, a little 3 :4-dichloro- 
aniline sulphate separated; this was collected. The filtrate was 
rendered alkaline with ammonia, the precipitated quinoline was 
removed and dissolved in dilute sulphuric acid, and dilute potassium 
dichromate solution added. The precipitated dichromate (yellow, 
needles, soluble in hot, but insoluble in cold water) was collected, 
and converted into the free base, which, after crystallisation from 
alcohol or light petroleum (b. p. 80—100°), formed colourless 

oT: \ L19 T 120 ° ( Found : Cl, 31-5. C u H 9 NC1 2 requires 
' *■*■■*«)• Repetition of this condensation some dozen times 

under apparently similar conditions never gave rise on any second 
occasion to isolable quantities of the quinoline. Variation of the 
concentration of sulphuric acid, or of temperature or of time of 
heating, or of the conditions of mixing of anil and acid, also led to 
the same negative result. Saturation of a glacial acetic acid 
solution of the ami with dry hydrogen chloride (compare Biilow 
.. .and trier, he. at.) or treatment of a similar solution with acetic 
ajihydnde, orwith acetyl chloride, did not cause ring-closure. The 
and wa|^lso heated with syrupy phosphoric acid at 130—145° and 
then at 200 ior 2 hours, but after this treatment, only 3 : 4-dichloro- 
anikne was isolated. In the case of the acetyl chloride experiment, 
a crystalline solid separated after 5 minutes, but then redissolved. 
Treatment of the ami with a mixture of abetic anhydride and acetyl 
chlonde merely led to the production of 3 :4-dichloroacetanilide. 

6. 7-Dichhro-2 : ±-dimetKylqumoline hydrochloride forms white 

: Cl(ionisable), 

. t^H qNC^sIQ requires Cl (ionisable), 13 - 5 %]. 
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chloroaurate forms twig-like, yellow needles, sparingly soluble even 
in hot water; the sulphate forms white needles; the silver nitrate 
additive compound is precipitated when an alcoholic solution of the 
base is treated with an aqueous solution of silver nitrate. It forms 
colourless needles, m. p. 218—219°, soluble in hot, but sparingly 
soluble in cold, alcohol [Found; Ag, 17*7. (C 11 H 9 NCl 2 ) 25 AgN0 3 
requires Ag, 174%]. 

Nitration of 6 : l-Dichloro-2 : 4,-dimethylquinoline. —The method 
used for nitrating this base, and for all the other quinoline bases 
mentioned, unless otherwise stated, was as follows : The base was 
added slowly to five times its weight of a mixture, kept at —5°, of 
1 part by weight of fuming nitric acid (d 1*5) and 2 parts by weight 
of concentrated sulphuric acid (d 1*84). The resulting solution was 
kept at the ordinary temperature for 1—2 hours and then poured 
on ice, and the intro-compound was isolated either as the sulphate 
or as the free base. 

In the case of 6 : 7 -dichloro-8{ l)-nitro- 2 : 4 -dimethylqwnoline, the 
base was crystallised from alcohol, and then formed white needles, 
m. p. 197° (Found : N, 10*6. C n H 8 0 2 N 2 Cl2 requires N, 104%). 
Nitration of 6 : 7-dichloro-2 : 4-dimethylquinoline with mixed acid 
at 60° also gave the nitro-compound described above. 

Consideration of the other results obtained in this work suggests 
that the nitro-compound is of the 8- rather than of the 5-type. 

Preparation of Substituted 2 :4 -Dimethylquinolines by the Beyer 
Process. —The method adopted was essentially that used by Beyer 
ifoc. cit ,), but in detail as follows : (a) A mixture of 96 g. of paral¬ 
dehyde and 160 g. of acetone was saturated with dry hydrogen 
chloride, and left for 3 days. Such a mixture then weighed approx¬ 
imately 425 g. ( b ) The substituted aniline (1 mol.) was thoroughly 
ground with 3 mols. of concentrated hydrochloric acid, and the 
mixture added to one of 0*5 mol. of nitrobenzene and 255 g. of the 
acetone-paraldehyde-hydrogen chloride mixture. The whole was 
heated at 100° under reflux for 10 hours, and then worked up by an 
appropriate method, as described under individual compounds. 

8-Chloro- 2 : 4 -dimethylquinoline. —The reaction mixture obtained 
from o-chloroaniline by the process just mentioned was poured 
into water; the resulting mixture was repeatedly extracted with 
ether, and the aqueous-acid layer rendered alkaline with sodium 
hydroxide. It was then thoroughly extracted with ether, and the 
ethereal extract was washed with brine and dried over anhydrous 
sodium sulphate. Evaporation of the ether and distillation of 
the residue under diminished pressure afforded two fractions, the 
first consisting of 40% of the original chloroaniline used; the 
second, b. p. 170—190°/15 mm. (mainly 185 9 /I5; 
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2:4 -dimethylquinoline (yield 25%), winch solidified on cooling. 
After being twice crystallised from light petroleum (b. p. 40—60°), 
it formed stout, white prisms, m. p. 74° (Found: Cl, 18*6. C n H 10 NCl 
requires Cl, 18*6%). The quinoline separates anhydrous from 
aqueous alcohol in small, rectangular plates. It was unaffected 
by piperidine after 1 hour’s heating at 100°. 

Nitration of $-Chloro-'2 : 4 -dimethylquinoline. —The last-named 
quinoline nitrated readily, and on pouring the nitration mixture 
on ice a copious white precipitate of the sulphate of 8-chloro-5- 
nitro-2 :4-dimethylquinolme was obtained. This was collected 
and treated with aqueous ammonia, and the reddish-brown solid 
obtained was crystallised from alcohol. The nitro-compound forms 
pale yellowish-brown prisms, m. p. 107—108° (Found: Cl, 15*1. 
Cj^OgNgCl requires Cl, 15-0%) (yield, more than 90%). 

8-Ckloro-5-amino- 2 :4- dimethylquinoline was prepared by the 
reduction of the 5-nitro-compound with iron, water, and ferric 
chloride. The reaction mixture was cooled and filtered. The 
residue of iron and amino-compound was dried and extracted -with 
benzene. The amino-compound separated from the cooled benzene 
solution in brown prisms, m. p, 170—172° (Found: Cl, 17-1. 
ChH 13L N 2 C1 requires Cl, 17*2%) (yield, 33%). 

Conversion of 8- Chloro-5-amino- into 5 : 8-Dichloro-2 :4- dimethyl- 
quinoline. —The chloroamino-compound (4 g.) was ground with 
12 c.c. of concentrated hydrochloric acid, and the stiff reddish- 
brown paste so obtained cooled to —5°. A solution of 14 g. of 
sodium nitrite in 4-5 c.c. of water was slowly added. Diazotisation 
was rapid, and to the clear solution obtained was added a suspension 
of 5 g. of copper powder in hydrochloric acid (1 vol. of concentrated 
acid : 1 vol. of water). A brisk evolution of nitrogen occurred. 
Removal of the copper left a yellowish solution, which when treated 
with aqueous ammonia gave an almost theoretical yield of 5:8- 
dichloro-2 :4-dimethylquinoline as a white precipitate. This, after 
being twice crystallised from alcohol, formed prismatic needles, 
m. p. 117—118°, alone or when mixed with 5 : 8-dichloro-2 :4- 
dimethylquinoline prepared from 2 : 5-dichloroaniline (see below). 

CMorimtion of 8-Chloro-2 : ^-dimethylquinoline. —A solution of 
1 g. of the quinoline in 20 c.c. of glacial acetic acid was heated at 
60°, saturated with chlorine, and then treated with water. The 
white precipitate of the tetrachloro-oompourxd obtained, after being 
twice crystallised from alcohol, formed slender needles, m. p. 
150-152° (Found: Cl, 47*5. C 1:l H 7 NCl 4 requires Cl, 48*1%). 

§-CMoro-2 : 4:-dim€ihylquincline. —The Beyer reaction mixture from 
p-ehloroaniline was poured into water, and the product was extracted 
with ether. The aqueous layer was evaporated to about one-third 
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of its original volume; a crystalline precipitate of crude hydro¬ 
chloride was slowly deposited. This was collected, extracted with 
boiling acetone to remove colouring matter, and then treated with 
warm aqueous ammonia. The almost pure base so obtained 
separated from light petroleum (b. p. 80—100°) in stout prisms, 
m. p. 98—99° (Found : Cl, 164%) (yield, 16%). The quinoline 
crystallises from aqueous alcohol as the hydrate , silky needles, m. p. 
84—85*5° (Found : Cl, 17*0. CjuH^lSrChHgO requires Cl, 16*9%). 
The mother-liquor from which the above crude hydrochloride 
separated was found to contain only p-chloroaniline hydrochloride. 

The quinoline forms an orange-yellow dichromate , which may be 
crystallised from water. 

Nitration of 6-Ghloro-2 : 4:-dimethylquinoline. —The nitration 
mixture, when poured on ice, afforded a crystalline precipitate of the 
sulphate of 6-cMoro-5-nitro-2 : 4c-dimethylquinoline , which was filtered 
off and decomposed with warm aqueous ammonia. The practically 
pure base was then crystallised from alcohol, and formed canary- 
yellow prisms, m. p. 132—133° (Found : Cl, 15*8%) (yield over 
90%). The chloronitro-compound was unaffected when heated for 
10 minutes at 100° with excess of piperidine. 

%-Chloro-5-amino-2 ; 4 -dimethylquinoline. —The preceding nitro¬ 
compound was reduced with iron powder, aqueous alcohol, and 
ferric chloride. The reaction mixture was filtered while still hot, 
the residual iron well washed with alcohol, and the alcoholic extracts 
and filtrate were evaporated. The solid that separated on cooling 
crystallised from benzene in pale yellow, prismatic needles, m. p. 
131—133° (Found : Cl, 17*2%) (yield, 52%). 

Conversion of 6-Chloro-o-am.ino- into 5 : (y-Dichloro-2 \ A-dimeihyl- 
quinoline .—The base (9*1 g.) was ground with 30 c.c of concentrated 
hydrochloric acid, and the resulting canary-yellow hydrochloride 
paste was treated at —5° with a solution of 3*1 g. of sodium nitrite in 

5 c.c. of water. Diazotisation was rapid, and to the clear solution 
so obtained copper and hydrochloric acid were added as usual. The 
whole assumed a dirty green colour, and suddenly set to a stiff 
paste. Two volumes of water were then added, the whole was 
heated to boiling and filtered, and the filtrate was cooled. The 
resulting yellowish-brown hydrochloride (prisms) was collected 
and digested with aqueous ammonia. The base so obtained (6 g.), 
after being crystallised first from alcohol and then from light 
petroleum (b. p. 80—100°), formed stout, colourless prisms, m. p. 
119—120° (Found: Cl, 30*9. C^NC^ requires Cl, 31*4%). A 
mixture of this quinoline (then of unknown constitution) with the 

6 : 7-dichloro-isomeride (also then of unknown constitution) melted 

at about 90°. , ,> '•< 
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Chlorination of 6-Chloro-2 : 4-dimethylq mnoline. —A solution, heated 
at 60°, of 1 g. (1 mol.) of the chloro-compound in 20 e.c. of glacial 
acetic acid containing 2*2 g. (5 mols.) of fused sodium acetate was 
saturated with chlorine. No precipitate was formed, but on 
dilution an oily tetrachloro- compound was thrown down. This 
became solid on standing, and after being crystallised from aqueous 
alcohol, and then from light petroleum (b. p. 40—60°), formed 
slender needles, m. p. 75-5—81° (Found: Cl, 484. C n H 7 NCl 4 
requires G, 48*1%). 

Nitration of 5 : Q-Dichloro-2 : 4-dimethylquinoline, —When the 
nitration mixture was poured on ice, the free base was precipitated. 
It crystallised from alcohol, in which it was very sparingly soluble, 
in silky needles, m. p. 151—152-5° (Found : Cl, 26-2. Cj^HgOgNgClg 
requires G, 26-2%) (yield, over 90%). 

5 : &-Dichloro-S{ i)-amino- 2 : 4-dimethylquinoline. —The preceding 
nitro-eompound readily underwent reduction when heated with iron 
powder, aqueous alcohol, and a little hydrochloric acid. The 
mixture was finally filtered, the residue well washed with alcohol, 
and the alcoholic filtrates diluted with water. The precipitated 
amino-compound (yield, 83%) was dried, and then melted at 
118—120° (Found: G, 27-6. requires Cl, 29-5%). 

The crude base was used for the succeeding experiment. 

Attempted Conversion of 5 : 6-Dichloro-S( 1)-amino-2 : 4-dimethyl- 
quinoline into 5:6: 8( 2 .)-Trichloro-2 : 4-dimethylquinoline .—A sus¬ 
pension of the amino-compound in concentrated hydrochloric acid 
did not appear to undergo diazotisation when treated with sodium 
nitrite. Subsequent addition of copper caused no evolution of 
nitrogen. 

Chlorination of 5 : 5-Dichloro- 2 : 4-dimethylquinoline .—When 
chlorine was passed into a solution of 1*1 g. of the quinoline (1 mol.) 
in 30 c.c. of glacial acetic acid containing 1-23 g. (3 mols.) of fused 
sodium acetate, a precipitate of a tetraeMoro-Gompoxmd was formed. 
This separated from alcohol, in which it was very sparingly soluble, 
in slender needles, m. p. 157—158°' (Found : G, 48-3. C U H 7 NQ 4 
requires Cl, 48-1%). A mixture of the tetraehloro-compound with 
the tetraehloro-compound (m. p. 150—152°) obtained from 8-chloro- 
2:4-dimethylquinoline melted below 130°. 

Preparation of 7-Chloro-2 : 4-dimethylquinoline by the Beyer 
Method, —The reaction mixture obtained from m-chloroaniline was 
poured into water, and the resulting mixture extracted several 
times with ether. The aqueous layer was basified, anS extracted 
with ether, and the ethereal extract was washed with brine and 
dried. Distillation of the contained basic mixture under diminished 
pressure afforded 55% of unchanged ^-chloroaniline as a first 
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fraction, and then a 36% yield of crude chloroquinoline, b. p. about 
174°/10 mm. The latter partly crystallised on prolonged standing, 
and the crystalline portion, isolated on porous porcelain, separated 
from light petroleum (b. p. 40—60°) in prismatic needles; m. p. 
42—45°, either alone or when mixed with the product from m-chloro- 
aniline and acetylacetone (above). A little of the 5-isomeride was 
presumably present in the crude basic mixture, but in insufficient 
quantity for isolation. 

7-Chloro-2:4-dimethylquinoline was unaffected by piperidine 
after 1 hour’s heating at 100°. 

Nitration of 7-Chloro-2 :4-dimethylquinoKne .—Tor this purpose, 
the chloro-compound obtained by the more convenient acetylacetone 
method was used. Nitration, followed by pouring on ice, gave a 
precipitate of the almost pure l~chloro-8-nitro-2 : 4-dimethyl- 
quinoline (yield over 95%). Nitration with warm mixed acid gave a 
similar result, either product separating from alcohol in slender, 
white needles, m. p. 189—189*5° (Found: N, 12-0. ^H^NgCl 
requires N, 11*8%). 

When the nitro-compound was heated for 0*5 hour at 100° with 
an excess of piperidine, piperidine hydrochloride separated, and on 
extensive dilution with water a yellow powder was obtained. This 
separated from alcohol, in which it was sparingly soluble even when 
hot, in prisms; a second crystallisation from light petroleum (b. p. 
80—100°)-benzene afforded S-nitro-l-piperidino~2 lA-dimethyl- 
quinoline in rectangular plates, m. p. 168—170°. When mixed with 
the original chloronitro-compound, the substance melted at about 
140°. 

7 ‘Chloro-S-amino-2 : 4:-dimethylquinoline .—This substance, which 
was practically insoluble in hot aqueous alcohol, rapidly dissolved 
at 90—100° in that solvent in presence of iron powder and a little 
ferric chloride. Filtration, extraction of the iron powder with 
alcohol, and evaporation gave a black oil which solidified on cooling, 
and then crystallised from light petroleum (b. p. 40—60°) in slender, 
pale yellow needles, m. p. 51—53° (yield 83%) (Found : Cl, 17*4%). 

Conversion of 7 -Ctiloro-§-amino-2 : 4z-dimethylquinoline into 7 : 8- 
Dichloro -2 : 4:-dimethylquinoline .—The amino-compound was ground 
with concentrated hydrochloric acid, and the bright yellow hydro¬ 
chloride paste diazotised at —10° with aqueous sodium nitrite. 
The clear red diazo-solution tended to undergo spontaneous decom¬ 
position, producing a coppery-brown, amorphous solid, but when 
it was added to a solution of cuprous chloride in hydrochloric acid 
normal decomposition appeared to occur. The product was treated 
with excess of ammonia, and the precipitated solid was collected, 
dried, and extracted with light petroleum (b. p. 40—60°)* 7 : 8- 
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Dichloro- 2:4 -dimethylquinoline was then obtained in slender, 
prismatic needles, m. p. 104—104*5° (yield under 20%) (Found: 
Cl, 30-7%). 

Chlorination of 7-Chloro-2 : 4- dimethylquinoline .—Chlorination of 
this base by the usual method in the cold afforded a trichloro - 
2 :4- dimethylquinoline , which separated from alcohol in colourless 
needles, m. p. 195° (Found: Cl, 41*0. C n H 8 NCl 3 requires Cl, 
40*9%). 

6 : S-Dichloro-2 ; 4 -dimethylquinoline. —The condensation mixture 
obtained by applying the Beyer reaction to 2:4-dichloroaniline 
was poured into water, and the resulting mixture repeatedly extracted 
with ether. The aqueous layer was boiled until free from ether, and 
then basified. The solid precipitated, after being collected and 
dried, was extracted with hot light petroleum (b. p. 80—100°), from 
which solvent 6 : 8-dichloro-2 :4-dimethylquinoline separated in 
slender needles, m. p. 148—148*5° (yield 20%) (Found : Cl, 31*4%). 
The base separated anhydrous from aqueous alcohol. 

Nitration of 6 : S-DicMoro-2 : 4- dimethylquinoline .—The nitration 
solution when poured into a large bulk of water gave a precipitate 
of crude 6 : 8-dicMoro-5( 1}-nitro- 2 : 4- dimethylquinoline , which 
separated from alcohol in pale yellow prisms, m. p. 120—122°. 
A further crystallisation from light petroleum (b. p. 40—100°) 
raised the m. p. to 122—123° (yield, 80%) (Found : Cl, 26*7%). 

6 : 8-DicMoro-5( %)-amino-2 : ^-dimethylquinoline.— Reduction of 
the corresponding nitro-eompound was effected by the usual method, 
using aqueous alcohol. The iron residue was extracted with hot 
acetone, and the extracts were evaporated. Crystallisation of the 
residue from alcohol afforded white, rectangular plates, m. p. 
194—195° (yield, 81%) (Found : Cl, 29*6%). The amino-compound 
was converted by concentrated hydrochloric acid into a stiff, orange 
hydrochloride paste, which diazotised very slowly. Addition of 
copper powder caused some nitrogen evolution, but only unchanged 
base was isolated when the product was worked up. 

Chlorination of 6 : 8«Dichloro-2 : 4 -dimethylquinoline. —A solution 
of 1 g. of the quinoline (1 mol.) in 20 c.c. of glacial acetic acid con¬ 
taining 0*36 g. (1 mol.) of fused sodium acetate was heated at 60°, 
and saturated with chlorine. The precipitated solid separated from 
alcohol in needles, m. p. 124r—125°, and was a pmlachLoro-<\ uinoline. 
A mixture with the product obtained by the chlorination of 5: 8- 
dichloro-2; 4-dimethylquinoline (m. p. 127—128°) melted at 
125—127°. 

5: 8-Dichloro-2 : 4:-dimefhylquindine. —The product of the Beyer 
condensation using 2:5-dichloroaniline was poured into a large 
bulk of water, and the black, oily layer separated. The aqueous 
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layer was treated in the usual manner, and finally gave the dichloro- 
quinoline as a solid, which separated from alcohol or from light 
petroleum (b. p. 80—100°) in prismatic needles, m.p. 117—118*5° 
(yield, 29%) (Found : Cl, 31*5%). 

5 : 8-Dichloro-6-nitro-2 : 4:-dimethylquinoline. —Nitration of the 
preceding quinoline, followed by dilution, afforded a precipitate 
which, after treatment with ammonia, separated from alcohol, 
in which it was very sparingly soluble, in white, slender needles, 
m. p. 155—157°. It separated from benzene in prisms (yield, over 
90%) (Found: Cl, 26*3%). 

5 : 8-Dickloro-§-amino-2 : 4 -dimeihylquinoline. —The nitro-com- 
pound underwent reduction with the usual reagents, in presence 
of aqueous alcohol. The iron residue was extracted for several 
hours with boiling benzene, the latter then, evaporated, and the 
residue crystallised from benzene; the amino-compound was then 
obtained in brown octahedra, m.p. 192—193° (yield, 40%) (Found : 
Cl, 29;5%). ' * ~ ^ 

Conversion of 5 : 8-Dichloro-6-amino- into 5:6: 8-Trichloro- 2 : 4- 
dimethylquinoline .—The base was converted by concentrated hydro¬ 
chloric acid into a paste consisting of yellow leaflets, which underwent 
diazotisation with difficulty. Addition of copper caused nitrogen 
evolution. Dilute hydrochloric acid was added, and then benzene, 
the latter to remove a black, tarry by-product. The acid solution, 
after being basified, gave a small quantity of a dark solid, which 
was boiled in alcoholic solution with charcoal, and after this treatment 
separated from alcohol, and later from light petroleum (b. p. 80— 
100°), in needles, m. p. Ill—112*5°. A mixture of this compound 
with 5:6: S-trichloro-2 : 4-dimethylquinoline (see below) melted at 
112—113*5°. 

Chlorination of 5 : S-Dichloro-2 : 4-if m ethylquinoline .—Chlorin¬ 
ation of this base at 60° in glacial acetic acid in presence of sodium 
acetate (1 mol.) afforded a pentachloroquinoline derivative as a 
precipitate, which separated, after two crystallisations from alcohol, 
in slender needles, m. p. 127—128° (Found : Cl, 54*0. C n H 6 NCl 5 
requires Cl, 53*9%). 

Preparation of 6 : 7 -Dichloro-2 : 4:-dimethylquinoline by Beyer’s 
Process .—The reaction product obtained from 3 : 4-dichloroaniline 
when worked up in the usual manner gave about 55% of unchanged 
dichloroaniline, and a fraction, b. p. 180—190°/15 mm., which was 
evidently a mixture of 5:6- and 6 :7-dichloro-2:4-dimethyl¬ 
quinoline. Separation by crystallisation of the dichromates gave a 
product, m. p. 80—105°, which was converted into a mixture of 
hydrochlorides. The latter was crystallised from dilute hydro¬ 
chloric acid, and the hydrochloride of the 6 : 7-base so obtained was 
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treated with alkali. Crystallisation of the product from light 
petroleum (b. p. 80—100°) afforded a substance, m. p. 119—120°, 
which did not depress the m. p. of the quinoline obtained from 
acetylacetone (Found : Cl, 31-5%). 

5 : l-Dichloro-2 :4- dimethylquiiwline .—The reaction mixture from 
the Beyer condensation, using 3 : 5-dichloroaniline, was treated in 
the usual manner. Basification of the final acid solution gave a 
solid which was purified only with difficulty, but after being crystal¬ 
lised from light petroleum (b. p. 80—100°) and then from light 
petroleum (b. p. 60—80°) formed small prisms, m. p. 84—86° (yield, 
20%) (Found : Cl, 31*5%). 

On the first occasion of attempting this preparation, the paralde¬ 
hyde-acetone-hydrogen chloride mixture used had been prepared 
2 months previously. Condensation, followed by pouring into a 
large bulk of water, gave a black oil containing suspended solid. 
This was filtered and pressed, and then thoroughly extracted with 
a mixture of equal volumes of benzene and light petroleum (b. p. 
80—100°). After decantation of the cooled extract, a yellowish- 
brown solid separated (31 g. from 50 g. of the dichloroaniline). It 
crystallised from alcohol in yellow leaflets, m. p. 168—169° (Found : 
Cl, 41-9, 42*0%). This substance , which will be examined later, 
was converted by aqueous ammonia into a second substance , which 
separated from light petroleum (b. p. 40—100°) in bunches of 
colourless needles, m. p. 69—70° (Found: Cl, 36-5, 36-6%). The 
second substance readily dissolved in hot dilute mineral acids, the 
solutions depositing crystalline precipitates on cooling. 

5:6: 8-TricMoro-2 : 4:-dimethylquinoline .—Beyer condensation 
with 2:4: 5-trichloroaniline gave a product, which, on pouring 
into water, afforded tarry material containing a solid in suspension. 
The aqueous portion, when basified, deposited tarry material only. 
The above solid was extracted with boiling hydrochloric acid (con¬ 
centrated acid : water, 1:1), and tar removed. On cooling, 
2:4:5-trichloroaniline hydrochloride separated, and this was 
removed. The mother-liquor, on basification, afforded the crude 
trichloroquinoline, which then separated from alcohol and later 
from light petroleum (b. p. 80—100°) in small, prismatic needles, 
m. p. 113—114° (Found : Cl, 41-5. C n H 8 NCl 3 requires Cl, 40-9%). 
The quinoline does not form a hydrate, and when dissolved in the 
usual manner in a mixture of nitric and sulphuric acids remained 
unchanged. 

Beyer Condensation with o-Nitroanilme. —The condensation 
product was treated in the usual manner. At the basification 
stage, a brown, tarry solid was obtained. This readily dissolved 
in hoi alcohol to give a solution, which on cooling deposited crystals. 
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These dissolved only with difficulty in fresh hot alcohol, from which 
solvent a substance separated in prismatic needles, m. p. 145—147° 
(12 g. from 35 g. of o-nitroaniline). 

Beyer Condensation with -p-Nitroaniline. —The condensation 
product, when poured into water, deposited a black tar, which was 
rejected. The aqueous layer was repeatedly extracted with benzene, 
the latter removed, and alkali added. The substance so obtained 
then separated from alcohol in brownish leaflets, m. p. 159—162° 
(31 g. from 50 g. of p-nitroaniline). This compound and that 
obtained from o-nitroanfline are under investigation. 

When m-nitroaniline was submitted to the Beyer condensation, 
only unchanged base was isolated. 3-Chloro-6-nitroaniline and 
3 :4-dichloro-6-nitroaniline, on the other hand, were converted into 
unworkable tarry products. 

3: 4:-DicJdoroacetophenone. —A mixture of 251 g. of o-dichloro- 
benzene and 229 g. of anhydrous aluminium chloride was slowly 
treated with 133 g. of acetyl chloride and then heated at 100° for 
3 hours. The product was poured on ice, hydrochloric acid added, 
and the oily material extracted with carbon tetrachloride. Vacuum 
distillation afforded 130 g. of pure 3 : k-dichloroacetophenone , b. p. 
135°/12 mm. (yield, 40%). This became solid on cooling, and 
then separated from light petroleum (b. p. 80—100°) in bunches 
of white needles, m. p. 76° (Found : Cl, 37-6. CgH^OClg requires 
a, 37*5%). 

When 2:4: 5-trichlorobenzene was treated in a similar manner, 
it was unaffected. 

Nitration of 3 : 4^-Dichloroacetophenone. —When the ketone was 
dissolved either in nitric acid (d 1*5) kept at 10—15°, or in a mixture 
of glacial acetic and fuming nitric acids, it was unaffected. When it 
was heated with the fuming acid at 50—55°, it was extensively 
oxidised. Addition of fuming nitric acid to a solution of the ketone 
in acetic anhydride at 60—70° effected no change. A mixture of 
fuming nitric and concentrated sulphuric acids at —10° did not 
affect the ketone, but at 15° caused resinification. A large number 
of variations of these experiments gave similar results. Finally, 
nitration was effected by the following method: The ketone was 
added in small portions to seven times its weight of nitric acid 
(d 1*5), the temperature being allowed to rise to 35—38°, but not 
above 40°. The solution was kept for 5 minutes, the temperature 
being maintained between 35° and 38°, and was then poured into a 
large bulk of water. 3 : 4:-Dichloro-2-nitroacetophenone separated as 
a pale yellow solid, which was collected, washed, and crystallised 
from alcohol. It formed irregular plates, m. p. 100—102° (Found: 
Cl, 30*4. C 8 H 5 0 3 NC1 2 requires Cl, 30*4%). 

3 R 
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3 : 4:-DichlorO’2-amimacetophenane ^—The nitro-compound under¬ 
went rapid and almost quantitative reduction when heated with 
iron powder, water, and a little ferric chloride. The cooled mixture 
was filtered, and the solid residue repeatedly extracted with benzene. 
After concentration of the extract, the amino-compound separated 
on cooling in yellow prisms, the m. p., 154—156°, of which was 
not affected by a further crystallisation from acetone (Found : Cl, 
34*8. C 8 H 7 ONCL 2 requires Cl, 34*9%). 

Condensation of 3 : 4:-DicMoro-2-aminoacetophenone with Acetone .— 

(a) When the amino-compound was heated under reflux in acetone 
solution, together with a little piperidine, for 6 hours, it was unaffected. 

(b) A mixture of the amino-compound (1 g.), acetone (3 c.c.), and 
50% aqueous sodium hydroxide (0-2 c.c.) was heated in a closed 
tube for 6 hours at 185°. When cold, the tube contained a mass of 
brown crystals. The contents of the tube were extracted with 
boiling acetone, the extract was filtered, and the acetone evaporated. 
The solid residue then crystallised from light petroleum (b. p. 80— 
100°) in slightly brown needles, m. p. 119—120°. The substance 
produced no depression of the m. p. of the products obtained by the 
acetylacetone and Beyer methods (from 3 :4-dichloroaniline) and 
was 6 : 7-diehloro-2 : 4-dimethylquinoline. A mixture with 5 : 6- 
diehloro-2 : 4-dimethylquinoline melted below 90°. 

Nitration of 2 : 4=-Dimethylquinoline .—A solution of the quinoline 
(102 g.) in 510 g. of concentrated sulphuric acid was slowly treated 
at 5° with 290 g. of the usual mixture of nitric and sulphuric acids 
(i.e., an excess for mononitration. Addition of the last half of the 
mixed acid caused no temperature rise). The solution was poured 
on ice, and the resulting clear solution basified with ammonia. 
The precipitated 8-nitro-2: 4:-dimethylquinoline crystallised from 
alcohol in brown needles, m. p. 118—119° (yield 93%) (Found : N, 
13*7. C n H 10 O 2 N 2 requires N, 13-8%). 

8-Amino-2 : 4:-dimethylquinoline .—Reduction of the preceding 
nitro-eompound by means of iron powder, water, and ferric chloride 
proceed®! vigorously, but the product was difficult to purify. 
Repeated extraction with light petroleum (b. p. 80—100°) gave a 
solution from which tarry matter separated on cooling. When no 
more tar separated, light petroleum (b. p. 40—60°) was added, 
whereupon the amino-compound separated in brownish-yellow 
plates, m. p. 89—92° (yield, 26 g.) (Found: N, 15*9. C n H 12 lSr 2 
requires N, 16*3%). The picrate separates from alcohol in bunches 
of yellow prisms. The sulphate is bright yellow, and sparingly 
soluble in water. A dilute sulphuric acid suspension diazotised 
readily, but on heating, the resulting solution gave a product other 
than the expected hydroxy-compound. 
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Conversion ' of 8- Amino- into 8-Chloro-2 : i-dimethylquinoline .— 
(a) The base was diazotised in hydrochloric acid suspension. Addition 
of cuprous chloride-hydrochloric acid solution gave an indefinite 
product. ( b ) The amino-compound (17 g.) was ground with 50 c.c. 
of concentrated hydrochloric acid, and the resulting orange-red 
paste treated slowly at —5° with a solution of 6-6 g. of sodium 
nitrite in 10 c.c. of water. Diazotisation proceeded rapidly, with 
the formation of a clear solution, to which a suspension of copper 
powder in hydrochloric acid was added. Nitrogen was at once 
evolved, and the mixture was diluted with water and filtered. 
Addition of excess of ammonia gave a gummy precipitate, which 
was dissolved in a hot mixture of 25 c.c. of concentrated sulphuric 
acid and 125 c.c. of water. On cooling, the sulphate of 8-chloro- 
2 :4-dimethylquinoline separated in pale yellow needles, which were 
collected, and decomposed with ammonia. The base so obtained, 
after crystallisation from aqueous alcohol and then from light 
petroleum (b. p. 40 —60°), melted at 74°. A mixture with the base 
obtained by the Beyer method using o-chloroaniline melted at the 
same temperature. 

Condensation of Dibenzoylmeihane with Aniline. —A mixture of 
dibenzoylmethane (1 mol.) and freshly distilled aniline (1-25 mols.) 
was boiled under reflux for 9 hours. On cooling, the whole became 
solid, and was fractionally crystallised from alcohol. Colourless 
plates, m. p. 161°, separated first, and these did not depress the 
m. p. of benzanilide (Found: N, 7-6. Calc.: N, 7-1%). The 
mother-liquor finally yielded a solid, which separated from benzene- 
light petroleum in bright yellow prisms, m. p. 102—103° (Found : 
N, 4*1; M, cryoscopic in benzene, 288. Calc.: N, 4-7%; M, 
299). This substance is evidently identical with that described by 
Watson (loc. cit.). 

A few of the experiments described above were carried out by 
Mr. R. J. W. Smith, M.Sc. The authors desire to acknowledge the 
receipt of grants from the Research Fund of the Chemical Society 
in aid of the investigation. 

East London College, 

University of London. [Received, May 11th, 1927.] 
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CCXL .—Gold and Mercury Derivatives of 2-Thiol- 
glyoxalines. Mechanism of the Oxidation of 
2-Thiolglyoxalines to Glyoxalines. 

By Isidore Elkanah B alar an and Harold King. 

The application of compounds of gold to the treatment of tuber¬ 
culosis starts from an old observation by Koch that inhibition of 
the growth of tubercle bacilli by gold cyanogen compounds occurs 
at a dilution of 1 in 2 million, but the question as to the chemo¬ 
therapeutic efficacy of organic gold compounds in tuberculosis is 
still an open one. Two organic compounds of gold have attained 
considerable prominence in Germany for the treatment of tuber¬ 
culosis, namely, 4-amino-2-aurothiolbenzoic acid (krysolgan) (I) 
(D.R.-P. 349012) and 2-aurothiolbenziminazolecarboxylic acid 
(triphal) (II) (E.P. 225875 of 1923), but there is no record of the 
cure of experimental infections of tuberculosis in animals by these 
substances. 

NH 


Both substances belong to a common type, of which an indefinite 
number could be prepared by synthesis, and the present com¬ 
munication is an attempt to determine whether there is any curative 
action, on experimental tuberculosis in animals, in this type of 
compound which would justify an extensive programme of syntheses 
in this field. For this purpose, ethyl 2-thiol-4(or 5)-methylgly- 
oxaline-5(or 4)-carboxylate (III) has been chosen as a starting point, 
as it is fairly readily accessible from ethyl acetoacetate. 

nn ° Eto,o 'S >c ' sH r ! °&-<)-> 
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When treated in methyl-alcoholic solution with auric chloride 
(1/3 mol.), it yields together with other products ethyl 2-aurothiol- 
4(or 5)-methylglyozaline-5(oT 4)-carboxylate (IV), from which the 
carboxylic acid cannot be obtained without decomposition and 
separation of gold. The ester (III) can, however, be hydrolysed 
to 2-thiol-i(oT 5)-methylglyoxaline-o(oi ^-carboxylic acid (V), which 
under s imil ar conditions yields 2-awroihioi!-4(or 5)-» lethylglyoxaline- 
5(or 4:)-carboxylic acid (VI). 


(V.) 


CO,H' 


CMe 


■OSH 
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The action of auric chloride on mercaptans was first studied by 
Zeise {Ann, Physik, 1834, 31, 369), who, from the analysis of the 
amorphous product, C 2 H 5 SAu, of the action of auric chloride on ethyl 
mercaptan, considered that two atoms of chlorine were set free which 
acted on another portion of the mercaptan. In agreement with this, 
Hermann (. Ber 1905, 38, 2813), who examined the action of auric 
chloride on benzyl and saoamyl mercaptans, found the optimum 
conditions to be given by the equation 

AuClg + 3R-SH = R-SAu + RS-SR -f 8HC1. 

The auromercaptides were amorphous and the disulphides were 
definitely identified. 

In the present instance, although the optimum conditions are 
determined by three molecular proportions of the thiolglyoxaline to 
one of auric chloride, the disulphide which should be produced in 
this reaction was never found, but only unchanged thiol acid. 
There is no doubt that the disulphide is initially produced, but, 
owing to the ease with which it acts as an acceptor for hydrogen, it 
is reduced during the subsequent operations necessary for its isol¬ 
ation. Attempts to make use of this ease of reversion of the di¬ 
sulphide to the thiol state, by using thiol acid and auric chloride 
in equimolecular proportion, to simplify the preparation of the 
2-aurothiol acid (VI) which can be separated from the 2-thiol acid 
(V) only by a repetitive salting-out of the amorphous sodium salt 
of the aurothiol acid, were quite unsuccessful. 

When auric chloride in methyl alcohol is added to the above- 
named thiolglyoxalines in methyl alcohol, there is invariably 
produced an intense blood-red coloration which persists for about 
30 minutes and then fades to a pale yellow. There is no separation 
of gold. The same reaction is observed in aqueous hydrochloric 
acid solutions. It was first noted without comment by Gabriel 
and Pinkus (Ber,, 1893, 26, 2203) for 2-thiol-4(or 5)-methylgly- 
oxaline and by Tanret ( Compt. rend,, 1909, 149, 222) for ergo- 
thioneine, shown by Barger and Ewins (J., 1911, 99, 2336) to be 
identical with 2-thiolhistidinebetaine, It is not, however, given 
by cysteine, thiocarbamide, allylthiocarbamide, or p-thiolphenyl- 
ethylamine. We are not able to adduce any conclusive evidence 
as to the nature of this blood-red coloration. Whilst all the 2-thiol- 
glyoxalines examined give the reaction instantaneously, 4(or 5)- 
carbeihoxy-5(oi 4:)-methylglyoxaline-2-disulphide in methyl-alcoholic 
solution does not give it at once, but the colour gradually develops, 
lasts for many hours, and finally disappears. In hydrochloric acid 
solution the disulphide remains yellow for a few seconds on addition 
of chloroauric acid and then gives an amorphous, red precipitate 
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which becomes pale yellow after a few hours. One possibility is 
that the colour is due to the chromophoric influence of the sulphur 
atom on intermediate addition compounds of auric chloride with the 
thiolglyoxalines which gradually disappear as the auric chloride 
is used up in its reactions with the thiol group. This is supported 
by the observations of Wohl and Marckwald ( Ber 1889, 22, 1355), 
who found that platinum and gold chlorides formed with 2-thiol- 

1- methylglyoxaline brick-red and deep purple-red crystalline 
addition compounds, respectively, of the types, 2 base + PtCl 4 , 
and base + AuCl s , and of the present authors that the salt of 

2- ethylthiolA(oT o)-meihylglyoxaline with chloroauric acid is red, 
whereas the addition compound of 2-phenyl- 1-methylglyoxaline 
and auric chloride of the type base + AuC 1 3 is deep yellow (J., 
1926, 589). The other possibility is that the blood-red coloration 
is due to the transient formation of the free aurous radicals, B*SAu<, 
which polymerise to form the pale yellow auromercaptides 
E*SAuIAuS*R or, in general, (R*S*Aii<) n - The properties of these 
auromercaptides are in agreement with this formulation ; they are 
all amorphous substances with well-marked colloidal properties. 

In the reaction of only one other reducing agent with auric 
solutions have we observed a transient red coloration. In the 
preparation of sodium gold thiosulphate, Na 3 Au(S 2 0 3 ) 2 , by the 
action of a neutral solution of gold chloride on sodium thiosulphate, 
a transient red colour is obtained which, examined spectroscopically, 
has a similar general absorption in the visible region to the blood-red 
colour obtained with thiolglyoxalines. In this case also, the re¬ 
action is essentially a reduction to the aurous state. Brown’s view 
(J. Amer. Chem. Soc., 1927, 49, 959) that the colour is due to the 
formation of sodium aurate does not tally with the colour of alkali 
aurates, which are pale yellow or pale green. 

2-Aurothiol-4(or 5)-methylglyoxaline-5(or 4)-earboxylic acid (VI) 
prepared as described above invariably contains an excess of com¬ 
bined gold in the approximate ratio of NIAu = 2 : 1*08 which finds 
a ready interpretation by analogy with the aTsenicals. Just as over¬ 
reduction of arsinic acids leads to production of polyarsenides, 
which are usually formulated as in (VII), so here the product 
probably contains (VIII). 


(VII.) 


R*As—As 
R*As—As 


RS*Au—Au 

I II (VIII.) 
ES-Au—Au 


The reaction of thiolglyoxalines with mercuric salts is in striking 
contrast to their behaviour towards auric chloride. When ethyl 
glyoxaline-4(or 5)-carboxylate is digested in alcoholic solution with 
mercuric acetate, it yields ethyl 1 -acetoxymercuriglyoxaline-4{ov 5)- 
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earboxylate (IX) quantitatively, but ethyl 2-thiol-4(or 5)-methyl- 
glyoxaline-5(or 4)-carboxylate and the corresponding carboxylic 
acid, when digested with excess of mercuric chloride, yield ethyl 

(IX.) EtO a C-g- N(Hg-OA c)^ CH W S > C ,. HgC l (X.) 

2’Chloromercurithiol-4:(oT 5 ) -methylglyoxaline-5 (or 4:)-carboxylate (X) 
and 2~cMoromercurithiolA{oT 5) -methylglyoxaline-5(oic 4)- carboxylic 
acid (XI) respectively. These are crystalline compounds and their 
constitution follows from their behaviour towards sodium hydroxide 
and ammonium sulphide. 

Results of considerable interest have been obtained in an attempt 
to prepare the disulphide (XII) which should have arisen in the 
action of auric chloride on 2-thiol-4(or 5)-methylglyoxaline-5(or 4)- 
carboxylic acid (V). It cannot be obtained by oxidation of the 
corresponding thiol acid by iodine, as partial replacement of the 



carboxyl group by iodine takes place, and it is not formed when 
4(or o)-carbethoxy-o(oT 4 )-methylglyoxaline-2-disulphide (XIII), pre¬ 
pared by the action of iodine upon ethyl 2-thiol-4(or 5)-methyl- 
glyoxaline-5(or 4)-carboxylate, is hydrolysed by alkalis or acids. 
After this ester disulphide (XIII) had been boiled for an hour with 
10% aqueous sodium carbonate, the products isolated were 2-thiol- 
4(or 5)-methylglyoxaline-5(or 4)-carboxylic acid (V), the correspond¬ 
ing decarboxy lated product 2-thiol-4(or 5)-methylglyoxaline, ethyl 
2-thiol-4(or 5)-methylglyoxaline-5(or 4)-carboxylate (III), and 
sulphur dioxide. On acid hydrolysis, 2-thiol-4(or 5)-methylgly- 
oxaline was also obtained with other substances. Quantitative 
estimation of the sulphur dioxide produced showed that 74% of 
that required by the equation 2RS-SR + 2H 2 0 = 3R’SH + RH + 
S0 2 was present. The mother-liquor contained sulphate, so that 
the deficiency in sulphur dioxide is probably accounted for by the 
reducing action of sodium sulphite on the disulphide, for the di¬ 
sulphide (XIII) is readily reduced to the thiol ester in aqueous 
solution by sulphur dioxide. 

It seems probable that an unstable sulphinic acid is the inter¬ 
mediate product in the above hydrolysis, in which case the reaction 
would be the reverse of the mode of synthesis of disulphides of 
Otto and Schiller ( Ber 1876, 9, 1589): 

3R-SH + R-S0 2 H = 2RS-SR + 2H 2 0. 

In support of this view, the first sulphinic acid in the glyoxaJine 
series has been prepared and proves to be a very unstable substance : 
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readily yielding sulphur dioxide at room temperature. When 
2-thiol-4(or 5)-methylglyoxaline (XIV) is added at 0° to 10% 
hydrogen peroxide (2 mols.), it is converted for the most part into 
4(or o)-meihylglyoxoline-2-sulphinic acid (XV) with simultaneous 
formation of small quantities of 4(or 5) -methylglyoxaline -2 -sulphonic 
acid (XVI), 4(or 5)-methylglyoxaline, and sulphuric acid. 

(xm.) ( Et0 2 C ' < rt~' NR '>c-s—) qM e -NBK c . SH (xjy.) 

V CMe-N A CH—N 

(XV.) fiM e -NH^ c . S02 H ^ e '^>C-S0 3 H (XVI.) 

CH In CH is 

The sulphinic acid is a crystalline solid, stable at 0°. It has an acid 
reaction, but at room temperature it changes after a few hours into 
a strongly basic liquid containing 4(or 5)-methylglyoxaline and its 
sulphite . It consumes one atom of oxygen when titrated with 
permanganate at 0°, and is converted by excess of hydrogen peroxide, 
preferably in the presence of alkali, into the sulphonic acid. The 
formation of this unstable sulphinic acid is, in fact, exactly analogous 
to the formation of the somewhat more stable aminoiminomethane- 
sulphinic acid, NH;C(NH 2 )*S0 2 H 5 by the oxidation at 0° of thio- 
carbamide by hydrogen peroxide (Barnett, J., 1910,97, 63). 

The instability of the glyoxahnesulphinic acid affords a satisfactory 
interpretation of the desulphuration of 2-thiolglyoxalines by means 
of nitric acid discovered by Wohl and Marckwald {Ber., 1889, 22, 
575). These authors postulated the formation of an unstable sul¬ 
phonic acid which was hydrolysed even under the conditions of 
oxidation: 

x:c(sh)*nh- —>. -x:c(S0 3 h)-xh- —> -n:ch-nh- + h 2 so 4 . 

This explanation was, however, disproved by the observations of 
Anschutz and Schwickerath {Annalm, 1895,284, 9), Biltz and Krebs 
{ibid., 1912, 391, 203), and Lamb and Pyman (J., 1924,125, 707). 
Biltz and Krebs favoured the view that disulphides are the inter¬ 
mediate products, but the results are much more compatible with 
the view that an unstable sulphinic acid is formed, and the more 
unstable it is, the smaller the proportion of sulphonic acid formed in 
the oxidation and the larger the proportion of desulphurised gly- 
oxaline. 

When the alkaline hydrolysate of 4(or 5)-carbethoxy-5(or 4)- 
methylglyoxaline-2-disulphide (XHI) is acidified to Congo-paper, 
the solution turns yellow and evolves sulphur dioxide. On removal 
of this by aspiration, the yellow colour vanishes, but it is restored 
when sulphur dioxide is passed into the solution. This has been 
traced to the formation of unstable, yellow or orange-yellow addition 
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compounds between many 2-thiolglyoxalines and sulphur dioxide in 
aqueous or acid solution or in the dry state. Quantitative measure¬ 
ment of the amount of sulphur dioxide absorbed by dry 2-thiol-1- 
phenylglyoxaline showed that exactly one molecule is absorbed 
under one atmosphere of sulphur dioxide, but on exposure to the air 
the compound has a half-life period of 10 minutes. The reaction is 
also given by thiocarbamide, and is strikingly shown by allylthio- 
carbamide and 2-thiol-l: 4-dimethylglyoxaline, which are immedi¬ 
ately converted into yellow and orange-yellow liquids, respectively, 
by exposure to sulphur dioxide. The constitution of these labile 
addition compounds is best interpreted as a simple addition of the 
sulphur atom of the thiol group to the electromeric modification of 
sulphur dioxide containing two semi-polar double bonds. 


R 

j? s| + 



R . 

;c:s:s:o: 

T> • * • • • • 


This interpretation does not discriminate between the-NH*C(SH)IN- 
structure and the -NH*CS*NH- structure of 2-thiolglyoxalines. 
Korczynski and Glebocka ( Gazzetta , 1920,50, i, 378) have described 
a number of addition compounds of sulphur dioxide with a variety 
of amines, including thiocarbamide, and attribute their formation 
to the secondary valencies of the nitrogen atom. Ethyl 4(or 5)- 
glyoxalinecarboxylate, however, does not add on sulphur dioxide, 
so that their interpretation does not hold here. 

The similarity between thiocarbamides and 2-thiolglyoxalines in 
their behaviour towards sulphur dioxide extends to the colour 
reaction described by Sato (Biochem. Z 1909, 23, 45) for thiocarb- 
amides, and an improved form of the test is described in the experi¬ 
mental portion together with a number of other colour reactions 
which may prove of service in this field. 

In order to characterise 2-thiol-4(or 5)-methylglyoxaline-5(or 4)- 
carboxylic acid (V) more fully, it has been converted by esterification 
by alcoholic hydrogen chloride (compare Burtles, Pyman, and 
Roylance, J., 1925, 127, 588) into ethyl 2-ethylthiolAioT 5)-methyl- 
glyoxaline-5(ov 4)-carboxylaie (XVII), which on hydrolysis yields 
2-ethylthiol-4t(oT 5)-methylglyoxaline-5{ov 4)- carboxylic acid (XVIII) 
and its decarboxylation product, 2-ethylthiolA(oT 5)-methylglyoxaline. 

(xvn.) Et0 ^ C '£fS>C-SEt C0 2 H^-NH >c . gEt (XVIIL) 

CMe-jSr CMe-N 

The acid (XVIII) forms a fnonohydrochloride and a semihydro- 
chloride and thus resembles some of the amino-acids, such as 
glycine and dZ-alanine, which form normal and semi-hydrochlorides, 

3r2 • 
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and the many anomalous amine salts recorded by Werner (Ber., 
1903, 36, 149). The majority of these were formulated by Werner 

in terms of co-ordinated hydrogen : XH + 2NR 3 = XTL; , 

•;NR, 

which on the electronic theory of valency would be readily inter¬ 
preted as 

R R R “ + 

xh + 2r:n:= r:n:h:n:r x- 

R R R j 

The case is in fact the parallel of the interpretation put forward for 
potassium hydrogen fluoride, KHF 2 , where, however, co-ordinated 
hydrogen links the fluorine atoms in a negatively charged complex 
(Lewis, “ Valence,” 1923, 110). A difficulty, however, arises in the 
interpretation of the compounds (NH 3 ) 4 ,HC1 (Joannis, Compt. 
rend., 1902, 135, 1106), (NH 3 ) 4 ,HBr (Bakhuis-Roozeboom, Bee. 
trav. chim 1885, 4, 361), and (NH 3 ) 4 ,HN0 3 (Kuriloff, Z. physikal. 
Chem 1898, 25, 108). These would indicate a co-ordination 
number of 4 for hydrogen or else chain formation of ammonia 
molecules with links of co-ordinated hydrogen. 

We are indebted to Captain S. R. Douglas, F.R.S., for a determin¬ 
ation of the effect of sodium aurothiolmethylglyoxalinecarboxylate 
on tubercle bacilli. It inhibits the growth of these organisms in- 
vitro at a dilution of 1 in 100,000 (not tested at lower concentrations). 
Guinea-pigs were injected each with 0-5 mg. of a virulent culture of 
tubercle bacilli which had been subjected for 12 hours to a con¬ 
centration of the sodium salt ranging from 1 in 1,000,000 to 1 in 
1000. The time elapsing between injection and death of the 
animal from tuberculosis was progressively longer with increasing 
concentration of the salt used in the preliminary treatment of the 
bacilli. In no case had sterilisation been effected. Rabbits in¬ 
oculated with a virulent strain were injected weekly with the sodium 
salt (0*01 g. per kilo.) and after four injections the lungs showed less 
signs of tubercular lesions than the controls, whilst the death of 
mice inoculated with the bacilli was distinctly delayed by one and 
by two injections of the sodium salt, 50 mice being used as controls, 
25 mice for one dose and 25 for two doses. 

To Miss Durham and Miss Marchal we are indebted for a determin¬ 
ation of the toxicities to mice of sodium aurothiolmethylglyoxaline- 
carboxylate (0*05 mg, per g.) and of sodium 2-chloromercurithiol- 
methylglyoxalmecarboxylate (0*005 mg. per g.). The same com¬ 
pounds were tested for curative action on mice infected with 
trypanosomes, but no such action was detected. 
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Our thanks are also due to Professor F. L. Pyman, F.B.S., for the 
gift of samples of a series of thiolglyoxalines from his unique 
collection. 

Experimental. 

Hydrolysis of Ethyl 2-TMoI-4z(ot o)-methylglyoxaline- 5(or 4)- 
carboxylate (III).—This ester was prepared in 42% yield from 
ethyl acetoaeetate as described by Posner and Gabriel (Ber., 1894, 
27, 1141), but Wolff’s method (. Annalen , 1902, 325, 135) was used 
for the preparation of oximinoacetoa.cetic ester. It melts at 236— 
237° (P. and G. give 229°) and is soluble in 64 parts of boiling water. 

The ester (50 g.) was boiled for 1 hour with 100 g. of sodium 
carbonate (anhydrous) in 1000 c.c. of water, and the reaction then 
adjusted to neutrality to Congo-paper. The precipitate and the 
successive crops obtained by evaporation of the mother-liquors (in 
all, 38*3 g.) were extracted with one-half saturated sodium hydrogen 
carbonate solution, which removed the whole of the carboxylic acid 
and the major portion of the decarboxylated base, leaving behind 
non-hydrolysed ester mixed with a little decarboxylated base. The 
main alkaline extract on neutralisation to Congo-paper gave the 
carboxylic acid (23*35 g.), and the mother-liquors on concentration 
gave the thiol base (3*7 g.). The portion insoluble in sodium 
hydrogen carbonate solution (9*05 g.) was boiled with water (50 c.c.) 
and left, undissolved, almost pure ester (3-5 g.); the water-soluble 
fraction was made alkaline with sodium carbonate and boiled down 
in an open flask to hydrolyse the ester still present. From this 
alkaline liquor the thiol base was recovered in successive crops, 
6*0 g. in all, the mother-liquors which gave the thiol base (3*7 g.) 
being incorporated at one stage. The final liquor was acidified to 
Congo-paper and gave a small crop of carboxylic acid (0*4 g.). 

2-TMoI-4c(ot 5 ) -methylglyoxaline- 5 (or 4 fcarboxylic acid (V) is 
soluble in 100 parts of boiling water and separates in granular 
crystals. It melts with loss of carbon dioxide at 240—241°, and the 
crystalline residue obtained, at 244—245°, the m. p. of 2-thiol-4(5)- 
methylglyoxaline (Found : S, 20*5; N, 17*9. C 5 H 6 0 2 N 2 S requires 
S, 20*3; N, 17*2%). The acid gives an immediate red colour with 
Pauly’s reagent in sodium carbonate solution. 

Esterification of 2-ThiolA{oc o)-methylglyoxaline-5(oT 4)- carboxylic 
Acid. —The acid (5 g.) was suspended in 100 c.c. of absolute alcohol, 
and the liquid saturated with hydrogen chloride at 0°. The 
suspension was then boiled for 3 hours with further passage of the 
gas. After removal of alcohol and excess of acid by evaporation 
with water, the syrupy residue was dissolved in 20 c.c. of water and 
treated with saturated potassium carbonate solution so long as a 
crystalline precipitate separated. This amounted to 4A g . , . 
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when, crystallised from the minimum volume (350 c.c.) of boiling 
water separated in long, white, silky needles (4*05 g.), m. p. 144— 
145°. 

Ethyl 2-ethylthiol-4:(oT 5) -methylglyoxaline-5 (or 4 )-carboxylaie 
(XVII) is readily soluble in boiling organic solvents, but crystallises 
conveniently only from acetone, ethyl acetate, or water (Found in 
air-dried material: loss at 100°, 10*7. C 7 H 10 O 2 N 2 S,l|H 2 O requires 
H 2 0, 11*2%. Found in anhydrous solid: N, 12*8. CyH-^OgNgS 
requires N, 13*1%). It forms very soluble salts with nitric, hydro¬ 
chloric and sulphuric acids, the hydrochloride crystallising in needles. 
It forms an oily chloroaurate , but a picrate crystallising in glistening, 
yellow prisms, m. p. 135—136° (Found : picric acid by nitron, 52*1. 
CgH^O^SjCgHgO^g requires picric acid, 51*7%). 

In a preliminary experiment (1*6 g. of thiol acid) where esteri¬ 
fication was only carried out for 90 minutes, the product precipitated 
at neutrality (1*35 g.) gave by ether extraction 1*25 g. of Methyl 
ether and 0*1 g. of insoluble material which proved to be ethyl 
2-thiol-4(or 5)-methylglyoxaline-5(or 4)-carboxylate. 

S ‘Alkylation of Ethyl 2-ThiolA(ov 5 )-?nethylglyoxaline- 5(or 4)- 
carboxylate. —The 2-thiolcarboxylic ester (10 g.) was suspended in 
100 c.c. of absolute alcohol and submitted to the same treatment 
as in the foregoing esterification. The yield of crude $-ethyl ether 
was 10*8 g. It was recrystallised from 100 volumes of boiling water 
and gave 10*3 g. of pure material crystallising in needles, m. p. 
144—145°. On prolonged standing, the mother-liquor deposited 
stout, triangular plates which proved to be the same substance, 
m. p. 143—144°. 

Alkaline Hydrolysis of Ethyl 2-EthylthiolA(or 5)-methylglyoxaline- 
5(or 4 )-carboxylate. —The ethyl ester of the $-ethyl ether (8*1 g.) 
was boiled for 4 hours with 16*2 g. of anhydrous sodium carbonate 
in 162 c.c. of water. The ethereal extract on evaporation gave 
2*3 g. of 2-ethyUhiol-4:(oT 5)-methylglyoxaline, m. p. 68—69°. This 
base was insoluble in light petroleum and very soluble in benzene, 
and crystallised well from ethyl ether in delicate, rectangular 
leaflets, m. p. 69—71°. It was converted into the picrate (5*5 g.), 
which was soluble to the extent of 2*3% in boiling water and 
separated on cooling in prismatic needles, m. p. 136—137° (Found : 
picric acid by nitron, 62*6, 62*7. C 6 H 10 N 2 S,C 6 H 3 O 7 ]Sr 3 requires 
picric acid, 61*7%). The picrate was converted into the hydro¬ 
chloride, which could not be crystallised, and a portion of the latter 
precipitated with chloroauric acid. The chloroaurate separated in 
red plates, m. p. 130—131° without decomposition (Found: Au, 
41*0. GgH^lSf^jHAuC^ requires Au, 40*9%). 

The alkaline liquors after ethereal extraction were made very 
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faintly acid to Congo-paper and concentrated; Wo crops of 
needles, 4*05 g. in all, were then obtained. Of this, 3*3 g. were dis¬ 
solved in 10 c.c. of boiling water in a covered vessel to avoid access 
of nuclei from the air. When the solution was cool and super¬ 
saturated, it was inoculated with nuclei of the needles. The crop 
of needles (2*3 g.) was collected and washed' with ice-cold water 
[Found: Cl, 8*3; N, 13*4. (C 7 H 10 O 2 N 2 S) 2 ,HCl requires Cl, 8-7; 
N, 13*7%]. This semihydrochloride of 2-ethylthiol-i(ox 5)-methyl- 
glyoxaline-o(oT 4)- carboxylic acid was very readily soluble in water, 
with a reaction faintly acid to Congo-paper. It melted rather 
indefinitely with effervescence between 122° and 125°, but without 
loss of carbon dioxide, as the residue did not give a picrate. If a 
strong aqueous solution was heated, the free carboxylic acid (XVIII) 
separated in stout rhombs; on cooling, needles of the semi-hydro- 
chloride invariably separated, but the rhombs, even on prolonged 
standing, remained unchanged. If alkali was added until the 
faint acidity to Congo-paper was completely removed and the 
reaction was very faintly acid to sensitive methyl-orange paper, 
the free carboxylic acid was precipitated. It was soluble in 10 
parts of boiling water and crystallised in large, rectangular tablets, 
m. p. 179—180° (efferv.) (Found : N, 14*9. requires 

N, 15*0%). The decarboxylated melt solidified and melted at 67° 
and gave a picrate identical with 2-ethylthiol-4(or 5)-methylgly- 
oxaline picrate. 

If the semi-hydrochloride (0*2 g.) be dissolved in a few drops of 
hot ZN -hydrochloric acid it forms a syrupy solution which soon 
deposits large, triangular prisms of the monohydrochloride , m. p. 
189—190° (efferv.) (Found: Loss at 100°, 7*8. C^^O^^ChH^ 
requires H 2 0,7*5%. Found in dried salt: Cl, 16*0. C 7 H 10 O 2 N 2 S,HCl 
requires Cl, 15*9%). This salt is very soluble in water, the solution 
turning Congo-paper blue. 

Preparation of 5(or 4z)-Carbethoxy-4:-{oc 5) -methyl- 2 -glyoxaline 
Disulphide (XIII).—Ethyl 2-thiol-4(or 5)-methylglyoxaIine-5(or 4)- 
carboxylate (1 g.) was dissolved in 1000 c.c. of hot water, cooled to 
50°, and treated with N /10-iodine solution until a slight excess was 
present as shown by the pale brown colour. Usually 55 c.c. were 
required instead of the theoretical 53*7 c.c. Three further batches 
were treated similarly. The disulphide (3*25 g.) which separated 
during the addition of iodine was collected; the mother-liquors, on 
being again treated with iodine until present in slight excess, and 
then neutralised with sodium carbonate, deposited a further 0*2 g. 
of disulphide. The product (yield, 86%), m. p. 220—222°, 
separated from boiling alcohol (120 c.c.) as a voluminous felt of pale 
yellow needles; after a further crystallisation, the m. p. was com 
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stant at 222—223° (yield, 3*25 g.) (Found : 1ST, 15*3. C 14 H 18 0 4 N 4 S 2 
requires FT, 15*1%). The same ester with the same m. p. was ob¬ 
tained by oxidation of the thiol ester in alkaline solution with 
potassium ferricyanide, but it was difficult to free it from Prussian 
blue, formed in traces. It was also obtained by dissolving the thiol 
ester in spirit, adding a lump of fused sodium nitrite, and running 
^-sulphuric acid on to the nitrite so that there was a vigorous 
evolution of gases through the liquid. The solution eventually 
deposited the disulphide. A modification of this method may prove 
to be the most accessible route to this disulphide. In sodium 
carbonate solution, the disulphide gives a yellow colour with Pauly’s 
reagent. The ester is readily reduced to the thiol ester by passage 
of sulphur dioxide in aqueous solution. 

Hydrolysis of the Disulphide. —(a) By alkali. The disulphide 
(7*4 g.) was boiled for 1 hour with 15 g. of anhydrous sodium carbonate 
in 150 c.c. of water. The solution, on being neutralised to Congo- 
paper, turned yellow, evolved sulphur dioxide, and gave a fraction 
(2-95 g.). On concentration, tw r o further fractions (0*45 and 1*6 g.) 
were obtained. The sodium hydrogen carbonate extracts of these 
fractions gave, on neutralisation to Congo-paper, 2*76 g. of 2-thiol- 
4(or 5)-methylglyoxaline-5(or 4)-carboxylic acid, identical in all its 
reactions with the product of hydrolysis of the corresponding 
2-thiol ester. The portion soluble in sodium hydrogen carbonate 
but not precipitated bn neutralisation was isolated by concentration 
and proved to be pure 2-thiol-4(or 5)-methylglyoxaline (0*1 g.), 
m. p. 244—245°. The portion of original material insoluble in 
sodium hydrogen carbonate, on three crystallisations from water, 
gave 0*4 g. of ethyl 2-thiol-4(or 5)-methylglyoxaline-5(or 4)- 
carboxylate, m. p. 237°. 

Quantitative determinations of the proportion of sulphur dioxide 
formed in the hydrolysis of the disulphide were made by hydrolysing 
1*23 g. (M /300) with 2*46 g. of anhydrous sodium carbonate in 
24*6 c.c. of water for 1 hour at 100°. The alcoholic distillate con¬ 
tained only a trace of reducing substance, possibly acetaldehyde* 
The alkaline mother-liquor was made acid by addition of 3A-hydro- 
chloric acid, and the liberated sulphur dioxide absorbed by aspir¬ 
ation into standard N /10-iodine solution, any volatile iodine being 
caught in N /10-sodium thiosulphate solution. In two separate 
experiments, 724 and 73*5% of the sulphur dioxide required by the 
equation 2RS-SR + 2H 2 0 = S0 2 + RH + 3RSH was found. The 
mother-Equors also contained appreciable amounts of sulphate. 
The method of estimation was controlled by experiments on standard 
sodium sulphite solution and found to agree within 2%. 

(b) Bif ctoid. The disulphide (0*9 g.) was boiled for 3 hours with 
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10 c.c. of 16% hydrochloric acid. The solution, was evaporated dry 
at 50°, and the residue was dissolved in a little water and made 
faintly alkaline to litmus; an amorphous base (04 g.) then separated. 
This w r as probably a mixture of bases, as it did not behave normally 
on reduction to the thiol base with sulphur dioxide or on oxidation 
to a base free from sulphur by dilute nitric acid. After removal 
of the amorphous substance, the mother-liquors, on concentration, 
gave 0*2 g. of crude 2-thiol-4(or 5)-methylglyoxaline, m. p. 239°. 
£>ecrystallised from 1*2 c.c. of hot water, it separated in the 
characteristic large crystals of the pure thiol base, m. p. 244°. 

Preparation of Ethyl 2-AurothiolA{ov 5)-methylglyoxaline- 5 (or 
4ycarboxylate (IV).—Ethyl 2-thiol-4(or 5)-methylglyoxaline-5(or 
4)-earboxylate (1*86 g.; 3 mols.) in 100 c.c. of dry methyl alcohol 
was treated with 1 g. (1 mol.) of gold trichloride in 30 c.c. of methyl 
alcohol. The solution became brilliant ruby-red and after 2 hours 
was pale yellow. The alcohol was removed and treatment of the 
residue with 400 c.c. of boiling w T ater left 0*22 g., m. p. 254° (de¬ 
comp.), undissolved. On keeping, the solution deposited needles 
(1*35 g.), m. p. 170°, containing 30*3% of combined gold. These were 
extracted with a further 150 c.c. of boiling water, which left 0*35 g. 
of solid undissolved, m. p. 252° (decomp.). This was the required 
ethyl 2-aurothiol-4(ov 5)-methylglyoxaline- 5(or 4 )-carboxylate (Found : 
Au, 50*6. C 7 H 9 0 2 N 2 SAu requires Au, 51*6%). Attempts to 
convert this ester into the corresponding acid by hydrolysis led to 
decomposition with separation of gold. 

Preparation of 2-Aurothiol-4z(ov 5)-methylglyoxaline- 5(or ^carb¬ 
oxylic Acid (VI).—2-Thiol-4(or 5)-methylglyoxaline-5(or 4)-carb- 
oxylic acid (4*7 g.), dissolved in 435 c.c. of pure dry methyl alcohol, 
was treated with 3*0 g. (1/3 mol.) of gold trichloride in 10 c.c* of 
methyl alcohol. After 1 hour, the deep ruby-red colour which 
developed immediately on mixing had completely gone. The yellow 
solution was concentrated to about 10 c.c. and diluted with 250 c.c. 
of water. The solution set to a jelly which rapidly broke up with 
deposition of a mixture of amorphous and crystalline matter. 
There was no free gold present. The solid was collected, and 
dissolved in 100 c.c. of water with the aid of 22 c.c. of saturated 
sodium hydrogen carbonate solution. Addition of 30 g. of sodium 
chloride caused the separation of a white, amorphous precipitate of 
the sodium salt of the crude aurothiol acid. It was redissolved in 
100 c.c. of water, by gentle warming with addition of a few drops 
of 2A r -sodium hydroxide, and reprecipitated by 30 g. of sodium 
chloride. This process was repeated in order to eliminate the last 
traces of thiol acid. The amorphous sodium salt was suspended in 
water and treated with excess of %N -hydrochloric acid, and the 
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amorphous aurothiol acid was centrifuged off, resuspended in water, 
and re-centrifuged so long as the supernatant fluid showed chloridion. 
The acid, after being dried in a vacuum and ground, was obtained 
as a pale primrose-yellow powder (yield, 2-7 g. or 77%) (Found : 
Loss on prolonged drying at 110°, 6*3%. Found in anhydrous 
solid: N, 7-6; Au, 57-8, 57*8. CgHgOgNgSAu requires N, 7-9; 
Au, 55*6%). On ignition even with nitric and sulphuric acids, this 
aurothiol acid leaves a residue of gold soluble in cold aqua regia 
but containing a small quantity of insoluble black material. This 
is destroyed by digestion with hot aqua regia, and after removal of 
nitric acid the gold can be quantitatively precipitated by excess 
of ferrous chloride in acid solution. If insufficient acid be added, 
the gold contains a large quantity of iron (compare Treadw r ell, 
“ Analytische Chemie,” 1921, H, 213). 

The aurothiol acid forms a clear pale yellow solution on neutralis¬ 
ation with sodium hydrogen carbonate and can be boiled without 
decomposition. 

The first two sodium chloride precipitation liquors of the sodium 
salt, on acidification to Congo-paper, gave precipitates of 1-37 g. and 
0*1 g., respectively, of crystalline 2-thiol-4(or 5)-methylglyoxaline- 
5(or 4)-carboxylic acid. This was identical in all its reactions with the 
2-thiol acid prepared by hydrolysis of its ethyl ester. In particular, 
1*2 g. were esterified by alcoholic hydrogen chloride and gave 1*1 g. 
of ethyl 2-ethylthiol-4(or 5)-methylglyoxaline-5(or 4)-carboxylate. 

In some experiments, the salting-out of the amorphous sodium 
salt of the aurothiol acid led to simultaneous separation of flattened 
needles of the sodium salt of the 2-thiol acid. This could be elimin¬ 
ated only by increasing the number of precipitations. 

Action of Mercuric Acetate on Ethyl GlyoxalineA(ov 5)-carboxylate. 
—Ethyl glyoxaiinecarboxylate (0*7 g.) was dissolved in 25 c.c. of 
alcohol and treated with 1*6 g. (1 mol.) of mercuric acetate. The 
gelatinous mass immediately produced was boiled for 6 hours; it 
then consisted of homogeneous, microscopic, flat prisms almost 
insoluble in cold alcohol (yield, 2*0 g.). Ethyl 1 -acetoxymercuri - 
glyoxaHne-4z(o ^Ycarboxylaie (IX) is instantly soluble in dilute 
hydrochloric acid, and black mercuric sulphide is precipitated from 
the solution by hydrogen sulphide. Sodium hydroxide produces 
orange-yehow mercuric oxide. The ester has no definite melting 
point, but shrinks suddenly at about 222° and is not further changed 
at 300° (Found: Loss at 100°, 2*8. C 8 H 10 O 4 N 2 Hg,|H 2 O requires 
HgO, 2*2%. Found in dried substance: N, 6*8; Hg, 50*8. 
C s H^O*Nyag requires N, 7*0; Hg, 50*4%). 

Action of Mercuric Chloride on Ethyl 2-TAioZ-4(or 5)-meihyl- 
4)-mrboxylate>—The thiol ester (1*86 g.) was boiled 
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with 5*4 g. (2 mols.) of mercuric chloride in 50 c.c. of absolute 
alcohol for 6 hours. On standing for a few days, ethyl 2-chloro - 
mercurithiol-4:(oT 5)-meihylglyoxaline- 5(or 4)-carboxylate (X), m. p. 
167—168°, separated in six-sided plates (yield, 95%). It was 
soluble without diffi culty in 3 volumes of boiling absolute alcohol 
(Found: N, 6*5. C^0^ 2 ClSHg requires X, 6*7%). The ester 
does not give mercuric oxide on treatment with sodium hydroxide, 
but is immediately blackened by ammonium sulphide. 

Action of Mercuric Chloride on 2-Thiol- 4(or 5) -meihylglyoxaline- 
5(or 4 )-carboxylic Acid .—The thiol acid (1*58 g.) s dissolved in 100 
c.c. of pure dry methyl alcohol, was boiled for 6 hours with 5*43 g. 
(2 mols.) of mercuric chloride. After remaining for 12 hours at 
room temperature, the solution deposited 0*25 g. of substance, and 
on concentration a further 0*8 g. 2-Chloromercurithiol-4c{oT 5)- 
methylglyomline-5(oT 4 )-carboxylic acid (XI), m. p. 257° (efferv.), 
is readily soluble in sodium hydrogen carbonate solution and is 
precipitated unchanged, but microcrystalline, on addition of hydro¬ 
chloric acid (Found : X, 7*1. C 5 H 5 0 2 X 2 ClSHg requires X, 7*1%). 
Mercuric sulphide is readily precipitated when hydrogen sulphide is 
passed into a suspension of the acid in hot dilute mineral acid solu¬ 
tion, or instantly by the action of ammonium sulphide. The acid 
does not give mercuric oxide on treatment with sodium hydroxide. 

Action of Hydrogen Peroxide on 2-Thiol A{ot 5)-methylglyoxaline.— 
Finely powdered thiolmethylglyoxaline (1*14 g.) was added in 
portions to a stirred solution of 2*4 g. (2 mols.) of Merck's perhydrol 
in 6 c.c. of water at 0° to —5°. The thiol compound rapidly passed 
into solution through oxidation and yielded a clear solution which 
after a short time became filled -with microscopic leaflets of 4(or 5)- 
methylglyoxaline-2-mlphinic acid (XV). These were filtered off on 
an ice-jacketed funnel at 0° and washed with ice-cold water (yield, 
about 0*7 g.). For analysis, portions were removed, rubbed quickly 
on ice-cold porous plate, and rapidly weighed (Found: X, by 
Kjeldahl’s method, 15*7; S0 2 evolved by digestion with boiling 
dilute sulphuric acid and absorbed by aspiration in N /10-iodine, 
36*7; X in distillation residue, by IvjeldahTs method, 15*9— 
whence S0 2 : X = 1*01: 2. C 4 H 6 02X 2 S,2B^0 requires S0 2 , 35*2; 
N, 15*4%. Found : oxygen consumed by oxidation with N /10- 
permanganate in 2A T -sulphuric acid at 0°, 8*1. C 4 H 6 0 2 X 2 S, 2 H 20 
requires O, 8*8%). This sulphinic acid is an unstable substance. 
When kept for a few hours either in a vacuum over sulphuric acid 
or in the air at room temperature, it passes into a clear basic liquid 
with loss of some sulphur dioxide. This liquid residue, when kept 
dry or when heated on the water-bath, partly crystallises as the 
normal sulphite of 4-methylglyoxaline. If the basic residue be 
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mixed with saturated potassium carbonate solution and extracted 
with chloroform, the latter on evaporation yields a base which 
readily crystallises completely as 4-metkylglyoxaline. The sul- 
phinic acid melts at 73° and effervesces at 92°. It is faintly acid 
to sensitive methyl-orange paper and dissolves in sodium hydrogen 
carbonate solution with evolution of carbon dioxide. It is not very 
readily soluble in ice-cold water and gives no precipitate with 
ferric chloride. Its ammoniacal solution gives no precipitate with 
calcium or barium chloride. 

The mother-liquors of the oxidation were evaporated to a small 
volume over sulphuric acid in a desiccator and then deposited 
clusters of fine needles (0-1 g.) of the corresponding sulphonic acid 
(see below). The mother-liquor also contained sulphate and 4- 
methylglyoxaline, the latter being readily removed from saturated 
potassium carbonate solution by chloroform. 

4(or Q)’Methylglyoxaline-2-sulphonic Acid (XVI).—2-Thiol-4(or 
5)-methylglyoxaline (0*57' g.) was oxidised by hydrogen peroxide 
(3 mols.) in the way described in the previous section. When the 
sulphinic acid had crystallised from the liquor, 2JV-sodium hydroxide 
(2 c.c.) was added drop by drop until an alkaline reaction was 
attained. The clear solution was concentrated at room temperature 
over sulphuric acid in a vacuum for 12 hours and had then become 
acid (decomposition of sulphinic acid) in reaction with deposition 
of a few crystals of the sulphonic acid. It was made acid to Congo- 
paper and gradually deposited the sulphonic acid (yield 0*55 g.). 
For analysis, 0-35 g. was dissolved in 0-2 c.c. of hot water and gave 
0*3 g., crystallising in stout columns, m. p. about 280° (Found : 
Loss at 100°, 10*3. C 4 H 6 0 3 N 2 S,H 2 0 requires H 2 0, 10*0%. Found 
in dried substance: N, 16*9. 0 4 H 6 0 3 N 2 S requires N, 17*2%). 
This sulphonic acid is faintly acid to Congo-paper and methyl- 
orange paper and is stable to acid permanganate. The calcium and 
barium salts are very soluble in water. The ammonium salt is 
readily soluble, but crystallises well in microscopic rods. 

Action of Sulphur Dioxide on 2-Thiolglyoxalines. —If 2-thiol- 
4(or 5)-methylglyoxaline, ethyl 2-thiol-4(or 5)-methylglyoxaline- 
5(or 4)-carboxylate or 2-thiol-4(or 5)-methyiglyoxaline-5(or 4)- 
carboxylic acid be dissolved in ^-hydrochloric acid and subjected 
to a current of sulphur dioxide, the solution immediately becomes 
yellow. The same behaviour is shown by thiocarbamide but not 
by cysteine. When 2-thiol-l-phenylglyoxaline, 2-thiol-1-phenyl- 
4-methylglyoxaline, 2-thiol-1 : 5-dimethylglyoxaline, and 2-thiol- 
1:4-dimethylglyoxaline are dissolved in water and saturated with 
sulphur dioxide, yellow solutions are produced and in the case of 
the two 1 -phenyl derivatives orange-yellow crystalline addition 
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products separate readily. These are stable in presence of excess 
of sulphur dioxide, but redissolve as the sulphur dioxide passes off, 
2-Thiol-4:5-diphenylglyoxaline, unlike all the other 2-thiolgly- 
oxalines examined, showed no visible change, possibly owing to its 
sparing solubility in water. When sulphur dioxide is passed over 
powdered 2-thiolglyoxalines, they become yellow to orange-yellow 
through absorption of the gas. Thus 2-thiol-1-phenyl-, 2-thiol-l - 
phenyl-4-methyl-, 2-thiol-l : 5-dimethyl-, 2 - thiol- 4 -methyl -, and 
5-carbethoxy-2-thiol«4-methyl-glyoxalines all become yellow on 
exposure to sulphur dioxide. Thiocarbamide became pale yellow, 
but 2-thiol-l : 4-dimethylgfyoxaline and allylthiocarbamide (thiosin- 
amine) immediately liquefied on exposure to the gas, forming orange 
and yellow liquids respectively. 5-Carbethoxy-4-methyl-2-gly* 
oxaline disulphide went deeper yellow on exposure to the gas and in 
aqueous suspension was rapidly reduced to the corresponding thiol 
compound. The hydrated form of ergothioneine from blood was 
immediately converted into an orange-coloured, pasty product by 
exposure to sulphur dioxide. 

Quantitative Absorption Experiments .—Finely divided 2-thiol- 
1-phenylglyoxaline (0*0712 g.) was submitted to a current of sulphur 
dioxide in a small U-tube fitted with pierced ground glass stoppers, 
and side arms. Absorption of the gas was rapid and at the end of 
2 hours 0*0249 g. had been absorbed. From this point absorption 
was slow and after 12 hours the total absorption was 0*0263 g., 
corresponding to T01 molecule of sulphur dioxide. When this 
compound was exposed to the air in an open boat, it was one-half 
dissociated in 10 minutes. In a similar maimer, thiocarbamide 
(0*1211 g.) absorbed 0*74 molecule of sulphur dioxide in 15 hours, 
becoming pale yellow; absorption thereafter was very slow. 
Korczyiiski and Glebocka ( loc . cit.) found absorption of 0*5 mol. and 
described their product as white. In the former case, after the 
sulphur dioxide had completely gone, the m. p. of the original 
substance was unchanged. In the latter case, there was a slight 
depression. A control experiment on ethyl 4(or 5)-glyoxaline- 
carboxylate showed negligible absorption of sulphur dioxide. 

Colour Reactions for TMolglyoxalines. —The colour reactions of 
thiolglyoxalines with sulphur dioxide and with auric chloride have 
been described above. Sato’s reaction for thiocarbamide (loc, cit) 
is applicable to thiolglyoxalines and is best carried out as follows : 
The substance is dissolved in water, treated with one drop of glacial 
acetic acid followed by one drop of potassium ferrocyanide solution; 
a yellowish-green solution is then produced which on warming 
rapidly becomes intense blue. Tschugaev’s reaction (Ber., 1902, 
35, 2483) for thiocarbamide, an intense gentian-blue on waapaing 
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with benzophenonechloride, although given by allylthiocarbamide, 
is not given by 2-thiolglyoxalines. Rheinboldt’s reaction for thiol 
groups ( Bet 1927, 60, 184)—a wine-red solution—does not apply 
to 2-thiolglyoxalines or thiocarbamides, which all give yellow solu¬ 
tions. Tanret (Compt. rend., 1909, 149, 222) described a colour 
reaction for ergothioneine, which, on warming with chloroform and 
potassium hydroxide solution, gave a green solution which became 
blue on acidification. This reaction has been tried on a wide variety 
of thiolglyoxalines, glyoxalines, and thiocarbamides and is not 
specific for the thiol group. Thiocarbamides give nothing dis¬ 
tinctive and in the glyoxaline group tfie reaction is probably of 
value for the diagnosis of constitution. Whilst 2-thiol-4(or 5)- 
methylgiyoxaline gives an eosin-red solution which on careful 
addition of acid becomes blue, other glyoxalines, when they do give a 
colour, generally give a yellow or orange-yellow solution which may or 
may not be discharged by acids. In some cases, the yellow colouring 
matter is soluble in chloroform. Thus 4(or 5)-methylglyoxaline 
gives a bright yellow solution, 2-thiol-l : 4-dimethylglyoxaline gives 
a yellow solution, whilst its isomeride, 2-thiol-l: 5- dim ethyl- 
glyoxaline, gives no colour. Again, 2-thiol-1-phenylglyoxaline 
gives no colour, whereas 2-thiol-l-phenyl-4-methylglyoxaline gives 
a bright yellow colour in the aqueous and chloroform layers. The 
reaction seems to be conditioned by the presence of at least one 
substituent in the 4- or 5-position, but both may be substituted if 
carboxyl or earbethoxyl is one, as these probably suffer replacement* 
Finally, if the hydrogen attached to nitrogen is displaced, only the 
1:4-disubstituted derivatives produce colour. The reaction is' 
possibly dependent on the formation of the triglyoxaline analogues 
of the triphenylmethane dyes. 

A reaction which appears to be new for thiocarbamides and 2-thiol¬ 
glyoxalines is the intense blue colour produced when an ammoniacal 
solution of the substance to be tested is treated with a drop of 
phosphomolybdic acid. This reagent shows the great ease with 
which 4(or 5)-carbethoxy-5(or 4)-methyl-2-glyoxaline disulphide is 
hydrolysed with production of the thioi group by very brief boiling 
in ammoniacal solution. ° 

The thanks of the authors are due to Mr. W. K. Anslow for 
assistance in the preparation of initial materials and in the analyses. 

National Institute foe Medical Research, 

Hampstead. [Received, May 21th, 1927.] 
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CCXLI .—Chemical Action at an Interface: The Pro¬ 
duction of Acidity in Neutral Salt Solutions . 

By N. Yenratanabasimha Achar and Francis L. Usher. 

The frequently noticed development of acidity in neutral salt 
solutions in the presence of material from which no detectable 
quantity of acid can be extracted by pure water can be accounted 
for by assuming (1) a simple chemical interaction between the salt 
and a definite acid or mixture of acids, (2) a preferential absorption 
of the base of the salt, or (3) an exchange between the kations of the 
salt and hydrogen ions previously adsorbed by the material 
(Mukherjee, J. Indian Chem. Soc. } 1925, 2, 191). The second 
explanation assumes the selective adsorption of hydroxyl ions from 
water, and can evidently be employed, alternatively with the third, 
to account for acidity produced by materials which are not regarded 
as actual or potential acids. 

The first, or “ chemical,” theory has been objected to on the 
ground that, if the materials dealt with contain acids, the latter 
must be both insoluble, since the water extracts are neutral, and 
strong, in that they are able to decompose salts of the strong mineral 
acids; but no acids of this character are known. The purpose of 
this paper is to show that the effects observed with materials of 
complex and undetermined composition may also be observed with 
a simple insoluble weak acid; that these effects may properly be 
regarded as arising from an ordinary chemical interaction of the ionic 
type, qualified by the circumstance that one of the ions is non- 
diffusible; and that their occurrence is a logical consequence of the 
“ surface dissociation 55 theory. This theory was developed by 
Pauli in connexion with colloidal suspensions, and advocated by 
McBain in the case of electrokinetic phenomena, and it does not 
require the assumption of selective adsorption. 

If the molecules in the surface of an insoluble acid in contact with 
water are imagined to undergo dissociation, and if the hydrogen ions 
so produced are osmotically active and have a range of movement 
determined by the electrostatic field due to the residual acid anions 
on the surface, such a system is separated from the external liquid 
by an imaginary envelope which marks the extreme range of move¬ 
ment of the hydrogen ions, and is equivalent to a membrane 
permeable by any ions except the acid anions embedded in the surface 
of the insoluble acid. When the external liquid is pure water, this, 
on separation from the insoluble acid, should not have acquired 
hydrogen ions from the latter, since they are electrostatically 
tethered to its surface; but if a neutral salt is present in the water, 
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an exchange should take place between some of the hydrogen ions 
within the envelope and an electrically equivalent number of 
kations in the external liquid. On the foregoing assumptions, a 
solution of a neutral salt in contact with, e.g., stearic acid, should 
become acid, and the total acid present should increase with increase 
of the volume of solution per unit surface of the solid, in consequence 
of the progressive dissociation of the molecules in the surface; or 
alternatively, if this ratio is kept constant, the acidity should vary 
directly with the concentration of the salt within the limits denoted 
by the principle of “ membrane equilibrium.” The experiments 
with stearic acid described below confirm these expectations, and 
suggest an equally simple explanation of the results obtained by 
Mukherjee and his co-workers (J., 1926,3028) in the case of hydrated 
silica. 


Experimental. 

Some experiments were carried out with colloidal suspensions of 
stearic acid in water, in order to ascertain the order of magnitude of 
the acidity, if any, produced inneutral solutions of potassium chloride. 
The stearic acid used (Kahlbaum’s best) was recrystallised twice from 
neutral methyl alcohol. It was shown that this degree of purification 
furnished a material the solubility of which in water (3-5 x 10~ 6 
equiv. per litre) was not further reduced by repeated recrystallis¬ 
ation (compare Bowden, J., 1911, 99, 192; Bunbury and Martin, 
J., 1914, 105, 418). The acid was dispersed by dropping a dilute 
methyl-alcoholic solution into boiling u conductivity ” water 
contained in a large Jena-glass flask, the methyl alcohol being 
removed by continued boiling. To 50 c.c. of this suspension 25 c.c. 
of a neutral solution of potassium chloride were added, and the 
mixture was either filtered through an “ ashless ” filter, or, if 
coagulation was incomplete, submitted to ultrafiltration through a 
collodion membrane, the first portions of the filtrate being rejected. 
10 C.c. of the clear liquid were then titrated against standard 
sodium hydroxide, and the acidity was calculated after the value 
obtained by titrating the ultrafiltrate from a suspension in water 
alone had been subtracted. The last-named ultrafiltrate was 
considered to be a saturated solution of stearic acid in water, but 
the solubility as determined from it is probably slightly in excess of 
the true value, because the liquid, in spite of its apparent clarity, 
may have contained a few ultramicronic and amicronic particles. 
The true values of the acidity due to the salt action should probably 
therefore be rather higher than those in Table I. It is also to be 
observed that, although atmospheric carbon dioxide was not rigidly 
excluded, the solubility determination itself constituted a control 
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experiment, so that any error due to this cause can only be a 
difference between two small and nearly equal errors. 

The liquids, excepting the alkali contained in the microburette, 
were handled in vessels coated with hard, neutral paraffin wax, and 
the experiments were carried out at the ordinary temperature 
(about 23°). The results are in Table I. 

Table I. 

50 c.c. Stearic acid suspension + 25 c.c. KC1 solution. 

Normality of KG in mixture ... 0*001 0*007 0*027 0*083 0-33 0*84 

Normality (x 10 s ) of acid due to 

salt action . 6 7 16 26 32 49 

A second series of experiments had for its object the accurate 
determination at the ordinary temperature of the relation between 
acidity and salt concentration, and between acidity and the volume 
of salt solution per unit surface of stearic acid. The method used 
was the electrical measurement of the hydrogen-ion activity of 
mixtures of stearic acid suspensions with neutral solutions, of 
potassium sulphate. The hydrogen-ion activity of solutions of 
potassium sulphate at the three dilutions employed, when con¬ 
taining various known quantities of sulphuric acid, was also measured 
separately, and curves were drawn from which the actual quantity 
of sulphuric acid liberated by the suspensions could be read off. 
Pr el i m inary experiments with an ordinary hydrogen electrode were 
discontinued on account of the unsatisfactory readings obtained, 
due possibly to the spoiling of the platinised surface of the electrode 
by particles of stearic acid. A bright platinum quinhydrone electrode 
gave satisfactory and reproducible results. 

The quinhydrone, stearic acid, and potassium sulphate were 
recrystallised several times, the best-quality £< conductivity ” water 
was used, and no liquid of which the hydrogen-ion activity was to 
be measured was ever in contact with glass other than well-steamed 
Jena-glass or glass coated with neutral, hard paraffin wax. The 
liquid was deprived of dissolved carbon dioxide, before measure¬ 
ments were made, by prolonged passage of carbon dioxide-free air 
saturated with the vapour of the liquid under examination. A 
<e saturated ” calomel electrode was used as the second pole of the 
combination the E,M.F. of which was measured, and the combin¬ 
ation was kept on an earthed metal sheet in a large air thermostat at 
29° (the room temperature during these experiments being usually 
27—28°). In order to avoid contact of the liquids with soda-glass 
measuring vessels, the solutions were prepared in every case by 
weight, not volume. The solutions of known acidity were made up 
by adding sulphuric acid of known strength contained in a paraffine^S 
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■weight-pipette to 25 g, of potassium sulphate solution of double the 
strength required, in a tared Jena-glass flask, the final weight being 
then made up to 50 g. with conductivity water. The stearic acid 
mix tures cont ain ed equal weights of the suspension and of the 
potassium sulphate solution. If coagulation occurred before 
dissolved carbon dioxide was removed, as it did with the N /2-salt 
solutions at all dilutions except the highest, the liquid was filtered 
through an “ ashless ” paper, and the first 10 c.c. were rejected. If 
coagulation occurred either not at all or only after the bubbling of air, 
the unfiltered liquid was used. The relative hydrogen-ion activities 
were calculated from the formula log / = (E — 0-4536)/0-0598, in 
which E denotes the measured E.M.F. of the combination. The 
values of the hydrogen-ion activities corresponding to various 
concentrations of sulphuric acid in the three solutions of potassium 
sulphate used are in Table II. The figures are calculated on the 
assumption that the potential at the K^S0 4 -saturated KC1 junction 
is zero, an assumption which does not affect their validity for the 
purposes of this investigation. 

Table II. 

JV/100-K 2 SO 4 . 

Cone, of H 2 S0 4 (.NX 10 6 ) ... 26-80 6-77 4-97 2-02 

Relative H* activity (X10 6 ) 15-45 4-45 3-57 1-62 

Nl 10-K 2 SO 4 . 

Cone, of H 2 S0 4 (JVxlO 8 ) ...55-8 28-0 20-07 14-55 6-89 4-64 2-72 

Relative H* activity (xlO 6 ) 17-42 8-38 6-72 4-58 2-47 1-73 1-19 

JV/2-K a S0 4 . 

Cone, of H 2 S0 4 (N x 10 6 ) ...269 145 52-8 33-66 20-79 13-06 5-94 

Relative EC activity (X10 6 ) 39-84 21-52 6-78 3-88 2-26 1*57 1-10 

Table III gives the results of the measurements of acidity produced 
by the stearic acid suspensions. The figures headed “ dilution ” 
refer to dilutions of the stock suspension which contained 2-32 g. of 
stearic acid per litre. Columns A, B, and C contain, respectively, 
the relative hydrogen-ion activities (x 10 $ ), the concentration of 
acid (g.-equivs. x 10 6 per kg.), and the total acid liberated (g.-equivs. 
X IQ 6 per g. of stearic acid). The figures are calculated from the 
mean of two or more separate measurements in each case. 


Table DDL 

Normality of K 2 S0 4 solution. 



JN/IOO. 

- 



Nl 10. 



Nl 2. 


Dilution. 

A. 

B. 

~C. 

aT 

B. 

~0L 

A~ 

B. 

~C. 

1 

104 

16-2 

13-9 

7-75 

23-3 

20-1 

15-4 

105 

90-6 

2-5 

6-52 

8-8 

18-9 

5-14 

14-8 

31-9 

12-8 

91-5 

197 

5 

4*98 

6-0 

25*8 

3-35 

8-5 

36-6 

10-6 

77-6 

333 

25 

3-88 

4-14 

89-6 

2-12 

4*4 

94-8 

1-98 

15*8 

340 
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The Nature of the Reaction between an Insoluble Acid and Salt 

Solutions. 

The application of the theory of “ membrane equilibrium ” to the 
present problem is complicated by two factors which were not 
included in the theory as originally formulated by Donnan, viz., 
(1) the unknown ratio of the volumes of liquid on either side of the 
“membrane/’ and (2) incomplete dissociation of the non-diffusible 
substance, involving the possibility of an increase in the number of 
diffusible ions available for exchange. In the absence of any 
knowledge of the magnitude of these factors, no quantitative 
application of the theory is possible; but an examination of the 
results of the experiments just described is strongly in favour of the 
conclusion that the reaction under discussion (and, by implication, 
similar reactions in which acidity is produced in neutral salt solutions) 
is qualitatively accounted for by the theory. 



5 10 15 20 25 

Dilution of suspension. 


The progressive dilution of a suspension by the salt solution used 
is equivalent to increasing the volume of the liquid containing only 
diffusible ions, while maintaining constant that of the liquid con¬ 
taining the non-diffusible ion. If no dissociation of the surface 
molecules of the insoluble acid takes place, the activity of the 
hydrogen ions in the external liquid should decrease in an approxim¬ 
ately linear m ann er with the dilution, provided that the volume of 
the external liquid is always a large fraction of the total volume, as 
it almost certainly is when the suspension is dilute. Assuming, on 
the other hand, that the surface molecules are initially but slightly 
dissociated, then if there were an unlimited supply of such molecules, 
which could undergo progressive dissociation, the hydrogen-ion 
activity in the external liquid should show little change with 
dilution. Under the experimental conditions the supply of surface 
molecules is limited, and it can be seen from Pig. 1 that, at the higher 
dilutions, the observations nearly correspond to these two extreme 
cases. Since a concentrated salt solution produces a more complete 
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exchange of ions than do the more dilute solutions, the reserve of 
undissociated molecules is in the former case nearly exhausted 
initially, and very little further dissociation is possible as the volume 
is increased; on the other hand, in the dilute solutions the acid 
concentration is comparatively little affected by dilution. Fig. 2, 



5 10 15 20 25 30 

Dilution of suspension. 


showing the relation between dilution and total acid liberated, 
provides a striking clue to this behaviour : practically all the 
available acid is liberated by the strong salt solution during the early 
part of the dilution process (1 to 5), and further dilution (5 to 25) 



0*1 0*2 0*3 0*4 0*5 

Hormality of ICSO*. 


produces no more. With the weaker solutions, the production of 
acid is still in evidence even at the highest dilution. 

Again, the increase of acidity due to an increase in the con¬ 
centration of potassium sulphate (see Fig. 3) is, at least qualitatively, 
predicted by the theory of membrane equilibrium. The increase is 
considerably greater than would be expected in a system where the 
number of exchangeable ions is constant, and this constitutes 
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additional evidence of the dissociation of the surface molecules under 
the experimental conditions. 

The Relation between Acid Concentration and Hydrogen-ion Activity. 

Dorman’s theory is concerned with activities rather than con¬ 
centrations, but in the present experiments the activity relationships 
tend to-be obscured by disturbing factors incidental to the method 
used. In the presence of an excess of potassium sulphate, any 
sulphuric acid liberated is present as potassium hydrogen sulphate 
which, itself a strong binary electrolyte, furnishes an anion which is 
an acid with a dissociation constant of about 10~ 2 (Drucker, Z. 
physikal. Chem 1920, 96, 382). An increase in the concentration 
of potassium sulphate may therefore be expected to influence the 
hydrogen-ion activity and the acid concentration in opposite senses, 
because a higher concentration of the salt, whilst effecting a more 
complete exchange of hydrogen ions, will at the same time cause a 
greater proportion of them to assume an inactive condition. This 
is, in fact, observed, for the activity-salt concentration curves pass 
through a minimum except at the highest dilution of the suspension. 

Although it is chiefly a matter of terminology whether the produc¬ 
tion of acid, in circumstances similar to those considered in this paper, 
is to be regarded as anionic exchange or as a chemical reaction between 
equivalent quantities of two molecular species, the suggestion has been 
put forward (Mukherjee, loc. cit .), in the case of hydrated silica, that 
the production of acid is to be attributed to an exchange of adsorbed 
ions bearing no stoicheiometric relation to the number of molecules 
of silica associated with them. The point of view advocated here 
differs radically from Mukherjee’s in regarding the action as taking 
place between quantities of the insoluble acid and the neutral salt 
which are in a simple stoicheiometric proportion; in other words, 
one is dealing with a reversible chemical change differing from the 
ordinary type only in its localisation at an interface. The 
advantages of this point of view are that it does not need to invoke 
any of the various types of adsorption, and is at once in harmony 
with accepted chemical theory and with a theory of interfacial 
behaviour for which there is a rapidly increasing body of evidence 
(see Trans . Faraday Soc. 9 1925, 21, 406). 

Summary. 

1. The production of acidity by suspensions of stearic acid has 
been measured in neutral solutions of potassium chloride, and 
potassium sulphate. 

2. The variation of hydrogen-ion activity and of total acid with 
the salt concentration and with dilution of the suspension has bee& 
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examined, and found to be consistent with the view that the 
observed acidity is produced by exchange of the kations of the salt 
with hydrogen ions formed from dissociating molecules in the surface 
of the insoluble acid. 

3. It is considered that the production of acidity in neutral 
solutions of salts of strong acids in contact with an extensive surface 
of a weak insoluble acid is generally to be expected on the basis of 
accepted theory, and is capable of a simple chemical interpretation. 

University of Mysore, The University, Leeds. 

Bangalore. [Received, May 1 2th, 1927.] 


CCXLIL —Reactions of Incandescent Tungsten with 
Nitrogen and with Water Vapour . 

By Colin James Smithells and Hakold Percy Roorsby, 

(Communication from the Research Staff of the General 
Electric Company, Ltd., Wembley.) 

1. Reaction with Nitrogen. 

The temperature at which a tungsten filament can be operated in 
a vacuum is in practice limited by the rate of evaporation of the metal, 
which forms a black deposit on the bulb, thereby reducing the candle 
power of the lamp. By surrounding the filament with an atmo¬ 
sphere of inert gas, the loss of metal by evaporation is reduced, and 
the filament can be operated at a higher temperature, and therefore 
at a higher efficiency, for an equal life (Brit. Pat., 10,918, 1913). 
In lamps of small wattage, it is customary to use as the inert gas a 
mixture of argon and nitrogen containing 10—20% of the latter, 
but lamps of 500 watts and upwards are frequently filled with pure 
nitrogen on grounds of economy. The filaments operate at a 
temperature of about 2850° E. It is found that a dark brown 
deposit is slowly formed on the inside of the bulb during the life of 
such lamps; but it forms much more slowly if an argon-nitrogen 
mixture is used. The cause of this coloration has now been 
investigated. 

Very little information exists as to the formation, composition, 
or properties of the nitrides of tungsten. Henderson and Galletly 
(J. Soc. Chem. Ind., 1908, 27, 387) heated tungsten powder to 
860° in a current of ammonia, but the product contained only a 
trace of nitrogen. By heating “ tungsten nitr amide,” W 3 N 6 H 4 , 
in am moni a, Uhrlaub (“Die Verbindungen einiger Metalle mit 
StickstoS, 55 Gottingen, 1859) obtained a substance to which he 
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assigned the formula W 3 N 2 . By heating tungsten hexachloride in 
ammonia, Rideal (J., 1889, 65, 41) obtained a black, metallic- 
looking powder, the composition of which was represented as W 2 N 3 . 

Langmuir (J. Amer. Chem . Soc ,, 1913, 35, 931) has studied the 
rate at which nitrogen is absorbed in a tungsten-filament vacuum 
lamp. He found that this was dependent on the rate of evaporation 
of the filament, and that one molecule of nitrogen disappeared for 
each atom of tungsten evaporated. He therefore assumed that 
nitrogen did not react with solid tungsten at temperatures in the 
neighbourhood of 2200° K., but that when an atom of tungsten 
struck a molecule of nitrogen they combined to form WN 2 , which 
was deposited on the bulb. This nitride is described as a brown 
compound, readily decomposed by water to form ammonia and 
tungstic oxide, W0 3 . No direct analyses were made. 

It appeared probable that the coloration of the lamps under 
consideration might be due to the formation of such a nitride. 
Alternatively, it was possible that the deposit was evaporated 
tungsten from the filament, or nickel or molybdenum from the 
supporting and leading-in wires. The presence of traces of oxidising 
gases might also give rise to oxides of any of these metals. The 
total weight of the deposit on the inside of the largest lamps, which 
have a capacity of about 4 litres, is only 5 —10 mg. after the lamp 
has been operated for 1000 hours. Special methods of analysis had, 
therefore, to be developed. 

Preliminary Examination .—On opening the lamp a distinct odour 
is observed, which resembles ammonia, but is difficult to identify. 
The deposit can easily be rubbed off with the finger, or scraped 
together with a knife. After being exposed to the air for an hour, 
it becomes slightly sticky, more difficult to remove, and somewhat 
lighter in colour. After two or three days’ exposure, it is again 
quite dry and easily rubbed off. A small quantity was ignited in 
air and gave a greenish-yellow residue, which resembled tungstic 
oxide and yielded its characteristic X-ray pattern, thus proving 
that the original material was definitely tungsten or one of its 
compounds. 

X-j Ray Examination .—Tungsten forms three oxides, which are 
readily distinguished by their colour : W0 3 , yellow; W 2 0 5 , deep 
blue; and W0 2 , chocolate-brown. Pure specimens of each of these 
oxides were prepared, and the characteristic X-ray diffraction 
patterns obtained, together with that of the metal. These are 
shown in Kg. 1, where the height of the lines represents their 
relative intensities on the film. A little of the deposit was then 
smeared on a piece of tissue paper, and exposed to the X-ray beam. 
Three strongly marked but somewhat diffuse lines appeared in the 
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pattern. Although they were sufficiently clear for purposes of 
identification, it was not easy to measure their position accurately. 
The diffuseness was due to the extremely fine state of division of the 
deposit. By heating another sample at 600° in a current of pure, 
dry argon for 2 hours, the particles became coarser, and the lines in 
the diffraction pattern appeared much sharper. Their position, 
however, was unchanged. This pattern is also shown in Fig. I. 
On comparing the positions of the lines with those in the patterns 
of the metal and its oxides, it is clear there is no correspondence 
and that the deposit must be some other compound. 

Spectroscopic Examination .—The fact that the material burnt 
readily in air to tungstic oxide suggested a simple way of proving 
whether it was a nitride, for nitrogen should be formed when such 
a compound is oxidised. 

Fig. 1. 


X-Ray diffraction patterns of tungsten compounds. 



Distance from zero (cm.). 

A small hard-glass spectrum tube was made as shown in Fig. 2. 
This had a bulb, A, into which a mixture of the deposit with a little 
potassium permanganate was introduced through B. A plain 
molybdenum electrode, C, was arranged at this end, whilst at the 
other end of the tube a thick tungsten spiral filament, D, acted as 
the second electrode for the discharge. The electrodes were 
thoroughly freed from gas before the mixture was introduced, after 
which the tube was evacuated and sealed off. The whole volume 
of the apparatus was less than 1 c.c., and since a pressure of about 
1 cm. was sufficient to obtain a satisfactory discharge, only 0-0003 g. 
of material was necessary. 

On heating the bulb, A, a vigorous reaction occurred between the 
material and the permanganate. On passing a discharge, the 
spectrum of both nitrogen and oxygen appeared. The excess 
oxygen, derived from the permanganate, was then removed by 
heating the tungsten filament, and finally the tube contained nearly 
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pure nitrogen. The material wets therefore most probably a nitride 
of tungsten having the formula WN*. 

Fig. 2. 

Discharge tube. 




ft 


Composition of the Nitride .—The 
value of x was determined by 
measuring (a) the volume of oxygen 
required to burn a small weight of .. 

the material, and (b) the volume 
of nitrogen evolved. From the 
equation 

2WN, + 30 2 = 2W0 3 + *N 2 , 
it is seen that the value of a: is 
determined from the ratio of the Q- 
volumes of oxygen and nitrogen. 

It is not necessary to know the 
weight of the nitride, but, as a 
further check on the analysis, the 
material was weighed before the 
combustion was carried out. A 
special form of combustion ap¬ 
paratus was made (Fig. 3) which 
consisted of a hard-glass tube, A 
(volume about 3 c.e.), attached to 
a tap, B * and to a piece of barometer 
tubing, C (volume l-o c.c.). The 
lower end of the barometer tube 
was connected by a flexible rubber 
tube to a second piece of barometer 
tubing, D, The volume of the apparatus was carefully calibrated 
and a scale was attached to the tube C. 

A weighed quantity (2—3 mg.) of the nitride was introduced into 
the limb A. The barometer U was filled with mercury up to about 



Fig. 3. 

Combustion apparatus. 
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the scale zero, and the tap closed. The whole apparatus was care¬ 
fully protected from draughts and allowed to attain a steady tem¬ 
perature, which was read on an attached thermometer. The 
pressure was adjusted and the scale reading gave the volume of air 
in the apparatus. The nitride was then heated to about 650° 
by means of a blow pipe; it burnt readily to the yellow oxide, W0 3 , 
and nitrogen was liberated. The apparatus was allowed to cool to 
room temperature during 5 —10 hours, the pressure was adjusted, 
and the new volume read off. The difference between this reading 
and’the previous one, after correction for any change of temperature, 
gave the volume of oxygen absorbed minus the volume of nitrogen 
evolved. 

The external limb, E, was now filled with an alkaline solution of 
pyrogallol and the apparatus tilted so that when the liquid was 
drawn into the wide limb it would not enter the barometer tube. 
By lowering or raising the tube D, the solution was alternately 
drawn into the apparatus and expelled. The walls of the tube A 
were thus repeatedly wetted with fresh liquid until the remaining 
oxygen was absorbed. After allowing the apparatus to attain a 
steady temperature, a new reading of the volume was taken. This 
represented the known volume of nitrogen originally in the apparatus 
plus the nitrogen evolved. 

The apparatus had been originally filled with atmospheric air, the 
humidity of which was determined from wet and dry bulb ther¬ 
mometer readings. It was found that the water-vapour pressure 
was, within the limits of accuracy attainable in the experiments, the 
same as that of the 40% caustic soda solution used for the absorption. 
No correction for the vapour pressure of the liquid was therefore 
required. 

Although the formation of oxides of nitrogen during the com¬ 
bustion did not seem probable, caustic potash was introduced into 
the apparatus before the pyrogallol solution in one experiment. 
No absorption occurred, thus indicating that no oxides higher than 
nitrous oxide were present. It was thought justifiable to neglect 
the possibility of the presence of the latter. 

From the equation we have 

sc/3 = Yol. of Ng evolved [V ol. of 0 2 absorbed. 

Let c be the volume of nitrogen evolved and b the contraction 
on burning* Then 

b = Vol. of oxygen — e, 
and x = 3 cj(b + c). 

After a number of prel im inary trials to test the apparatus, two 
accurate determinations were made with weighed quantities of 
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materials from two different lamps. The results are given in 
Table I. 


Table I. 


Expt. 

Weight of 
material (g.). 

b (c.c.). 

c (c.c.). 

cc. 

1 

0-0026 

0-10 

0*19 

1-96 

2 

0-0036 

0-15 

0-27 

1-93 


These values show very good agreement and indicate that the 
nitride has the formula WjST 2 . Assuming this to be correct, it is 
possible to check the values obtained for c from the weight of material 
used. In both cases, the experimental value is about 70% of the 
theoretical value for the volume of the combined nitrogen. The 
difference is probably accounted for by the presence in the material 
of small fragments of glass and mica, with which it becomes un¬ 
avoidably contaminated when the lamp is broken open. 

These results confirm the conclusion reached by Langmuir as to 
the composition of the nitride, by an entirely different method. The 
formulae assigned by earlier workers are probably in error owing to 
the difficulty of separating the nitride from the metal powder, and 
to the inherent difficulties of gravimetric methods when dealing 
with oxides and nitrides of tungsten, the molecular weights of which 
are so nearly the same. 

The approximate density of the nitride was determined by 
weighing samples of 5—10 mg. in air and in benzene. A small 
pellet of the material was pressed in a steel die, and weighed in a pan 
made from aluminium foil which weighed only 8 mg. The pan 
holding the pellet, was immersed in benzene in an evacuated vessel, 
in order to remove any occluded air, and its weight in the liquid then 
determined. The method was checked by determining the density 
of a pellet made from a thin fil m of tungstic oxide condensed on a 
glass surface; this gave a value of 6*3 g. per c.c., the density of fused 
crystalline tungstic oxide being 7-2 g. per c.c. Two determinations 
of the density of the nitride gave a mean value of 5 g. per c.c., with 
a maximum error of ±0-5 unit. 


2. Reaction with Water Vapour . 

The action of water vapour on an incandescent tungsten filament 
has been described previously by one of us (Smithells, Trans. 
Faraday Soc. t 1921, 17, 485). It was shown that a reversible 
reaction took place in which tungsten was oxidised at the hotter 
parts of the filament, and the oxide reduced to metal at lower 
temperatures and deposited on the cooler parts ‘of the filament: 
W + 2H^O ^ W0 2 +^20^. The reaction] is accompanied by a 
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gradual blackening of the bulb, and it would be expected that this 
is due to a certain amount of both metal and oxide being carried by 
convection in the gas. Langmuir (Gen. Electric Rev., 1926,29,153) 
has shown, however, that atomic hydrogen, which is formed when 
molecular hydrogen comes in contact with incandescent tungsten, 
will reduce tungsten oxides at room temperature. It therefore 
appeared of interest to deter mi ne the nature of the deposit, which 
is nearly black and easily distinguishable from the nitride just 
described. The X-ray diffr action pattern was found to be identical 
with that obtained from pure tungsten powder, no trace of oxide 
being present. This can only be explained by assuming that 
atomic hydrogen formed during the reaction, and in contact with 
the incandescent filament, arrives at the surface of the glass and 
reduces any oxide deposited. That oxide molecules do reach the 
glass walls is almost certain, since the cyclic action can hardly be so 
complete as to prevent their escape entirely. The fact that they are 
subsequently reduced explains why even very minute quantities of 
water vapour have such a deleterious effect in gas-filled lamps. 
Water vapour present in the filling gas to the extent of 1 part in 
10,000 parts will cause the filament to bum out in less than an 
hour. 

General Electric Company, Ltd., 

Wembley. [Received, February 2 2nd, 1927.] 


CCXLIIL —The Intermodular Condensation of Styryl 
Methyl Ketones . Part L 

By Robert Dickinson, Isidor Morris Bjulbron, and 
Francis Irving. 

In a previous investigation (Dickinson and Heilbron, t his vol., 
p. 14), 3 :4-dimethoxystyryl methyl ketone was required. Appar¬ 
ently three different substances, m. p.’s 168° (Francesconi and 
Cusmano, Gazzetta, 1908, 38, ii, 70), 85—86°, and 91—92° (Ryan 
and Plunkett-, Proc. Roy. Irish Acad., 1916, 32, B, 199; Kauf- 
mann and Radosevic, Ber., 1916, 49, 675), are recorded in the 
literature under this name, all having been prepared by the alkali 
condensation of veratraldehyde with acetone. 

Wfe have now investigated these compounds in detail. The 
second and the third are undoubtedly identical, the* true melting 
point being 86°. This compound is definitely 3:4-dimethoxy- 
styryl methyl ketone, for (1) its molecular weight, determined 
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ebullioscopically, is normal; (2) in the presence of hydrogen 
chloride, it condenses with 2-naphthol-1 - aldehyde, giving 3-3': 4'- 
dimethoxystyryl-(3-naphthapyryfium chloride (Dickinson and Eeil- 
bron, loc. cit.) ; (3) it may be prepared by the methylation of 
3-methoxy-4-hydroxystyryl methyl ketone; (4) it absorbs one 
molecule of bromine (the dibromide, however, could not be isolated); 
and (5) it readily condenses with veratraldehyde, in the presence 
of alkali, giving 3 : 3': 4 : 4'-tetramethoxydistyryl ketone, identical 
with the product obtained by Stobbe and Haertel (Annalen, 1909, 
370, 104), the constitution of which we have now confirmed by 
the preparation of its tetrabromide. Guimbal (Dipl, et Sup., 
No. 212, Paris, 1921; compare Faillebin, Ann. Ghim ., 1925, 4, 
445) has come to the same conclusion, but only on the results of 
analysis and cryoscopy; he records 84° as the melting point. 
Lapworth and Wykes (J., 1917, 111, 790) also must certainly 
have had this same ketone in their hands, as was shown by the 
ease with which it was oxidised to dimethylcafieic acid. They do 
not, however, give the method of preparation, or record the 
melting point of their product, but only refer to Francesconi and 
Cusmano (loc. cit.), whose product is entirely different and cannot 
yield dimethylcaffeic acid. 

The compound described by Francesconi and Cusmano (loc. cit.) 
has also been obtained by other workers, who, beyond stating that 
it is not veratrylideneacetone and making suggestions as to its 
possible constitution, have not investigated it experimentally. It 
is regarded by Ryan and Plunkett (loc. cit.) as an isomeric form of 
the styryl ketone, by Kaufmann and Radosevid (loc. cit.) as the 
corresponding distyxyl ketone, and by Guimbal (loc. cit.) as a 
compound of 3 :4-dimethoxystyryl methyl ketone and acetone. 
Francesconi and Cusmano (loc. cit.) do not record any analytical 
values for their compound, or for its alleged condensation product 
with cinnamaldehyde. 

We have now found that in addition to its direct preparation 
from veratraldehyde and acetone, the 168°-compound may be 
obtained by treating 3 :4-dimethoxystyryl methyl ketone with 
alkali, acetone being used as solvent in order to minimise the 
production of the distyryl ketone through scission (compare Heil- 
bron and Buck, J., 1921,119, 1503). Our analyses show that the 
substance is formed according to the equations: 

(A) 2C 6 H 3 (OMe) 2 -CHO + 2Me 2 CO = + 3H 2 0 

(B) 2C e H 3 (OMe) 2 -CH:CH*CO-CH 3 = + H 2 0. 

From a knowledge of the addition reactions of unsaturated ketones, 
the first stage in equation (B) is undoubtedly represented by form- , 
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ation of the compound (I) through simple addition at the ap-ethenoid 
linkage. 

d} C 6 H 3 (OMe) 2 4J>H'CH 2 *COMe -h 2 o 

CH 2 -CO-CH:CH*C e H 3 (OMe) 2 * 
C 6 H 3 (OMe) 2 -CH-CH 2 -CO-f|H (n , 

CH 2 -C-CH:CH-C 6 H 3 (OMe) 2 

Many examples of such addition reactions are known; e.g., Comel- 
son and Kostanecki ( Ber 1896, 29, 240) treated a mixture of 
2-hydroxystyryl phenyl ketone and acetophenone with alkali and 
obtained 2-hydroxybenzylidenediacetophenone: 

OH-C 6 H 4 -CH:CH-COPh — OH-C 6 H 4 -CH(CH 2 -COP1 i) 2 . 

Styxyl and distyryl ketones add on acetoacetic ester and other 
keto-esters in precisely the same way, although secondary reactions 
occur afterwards (compare Heilbron and co-workers, J., 1924, 
125 , 340, 2064; 1925, 127, 2159; this vol., p. 918). The second 
stage of reaction (B) consists in the elimination of a molecule of 
water from compound (I), and this would almost certainly occur 
in such a manner as to yield the cz/cZohexenone derivative (II). 

The reactions of the 168°-compound are in full agreement with 
this formulation. We have determined its molecular weight, which 
is normal, and prepared its semicarbazone. It readily absorbs two 
molecules of bromine with exhibition of halochromy, but we have 
been unable to isolate the tetrabromide in a state of purity. Finally, 
full confirmation of formula (II) has been reached by the synthesis 
of the compound in the following way. 3 : 3': 4 :4 , -Tetrameth- 
oxydistyryl ketone was condensed with acetoacetic ester by means 
of sodium ethoxide (compare Heilbron and co-workers, Zoc. cit.) ; 
ethyl d-mp-dmiethoxyphenyl - 5-m^-dimetJioxystyryl-i\ 5 -cyclohexen- 1 - 
one-2-carboxylate (III) was then readily obtained in good yield. 
On treatment of this with 20% sulphuric acid, the carbethoxyl 
was eliminated with production of the free cydo hexenone (II), 
which was identical in all respects with the compound described by 
Francesconi and Cusmano. 

{m} CH-CO-CH-CO-OEt 

C 6 H 3 (OMe) 2 *CH:GH*(>43H 2 -OH*C 6 H 3 (OMe) 2 

We have attempted to obtain by similar means compounds 
analogous to (II), and for this purpose we prepared the ethyl , n- 
/ prcypyl, isopropyl, and benzyl ethers of 3-methoxy-4-hydroxystyryl 
methyl ketone. On treating these with alkali, we obtained the 
homologue of (H) in only one case—the n-propyl compound—and 
its reactions are in harmony with such a structure. An abnormal 
result was obtained with 3 -methoxy-^ bmzyloxystyryl methyl ketone, 
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treatment with alkali yielding a new substance (m. p. 174—175°) 
which gave analytical results for 3 : 3'-dimethosy-4 : 4'-dibenzyl- 
oxydistyryl ketone, but was different from the distyryl ketone 
prepared in the usual manner (m. p. 155°). In all cases, much 
resinous material was formed; apparently the inter-condensation 
of styryl methyl ketones does not stop at the stage represented by 
equation (B), but continues to give a mixture of still more complex 
products. Such resinification of unsaturated ketones has already 
been considered by Borsche (Ber., 1909, 42, 4499), Giua ( Gazzetta , 
1925, 55 , 567), and especially by Herzog (Z. angew. Chem ., 1922, 
35 , 465, 641; 1923, 36 , 471; Ckem.-Ztg ., 1925, 49, 119). 

We next directed our attention to the action of piperidine upon 
styryl methyl ketones, expecting that this base would behave 
similarly to alkali, but would be milder in its action and possibly 
yield the primary additive compound (I). In all the cases we have 
investigated, however, much resinification took place, and we have 
been able to isolate solid products only in minute yields. These 
compounds are not true intermolecular condensation products, but 
dimerides of the styryl ketone, and from their saturated nature 
and absence of colour they must be regarded as cycZobutane deriv¬ 
atives (IV or V) analogous to that obtained by Stobbe (J. pr. 
Chem., 1912, 86, 248; Stobbe and Hensel, Ber ., 1926, 59, 2254) 

(W} R*9H*9H*COMe R^H^H-COMe (V.) 

‘ R-CH-CH-COMe COMe-CH-CHR [R = C 6 H 3 (OMe) 2 ] 

from phenyl 4-methoxystyryl ketone by the same method, and also 
to the compounds he and other workers have obtained by photo¬ 
polymerisation (compare Stobbe and Hensel, loc. tit.). 

Wieland (Ber., 1904, 37, 1145) obtained a dimeric form of phenyl 
styryl ketone by treating it with acetic anhydride containing a 
trace of sulphuric acid; but, applied to our compounds, this method 
yielded resinous material only, from which no pure substance has 
been isolated. 

Experimental. 

3:4-Dimethoxystyryl methyl ketone was prepared by Kauf- 
mann and Radosevic’s method (loc. tit.) and found to melt at 
85—86°, as given by Ryan and Plunkett (loc. cit.). The ketone 
can also be obtained in quantitative yield by the methylation of 
3-methoxy-4-hydroxystyryl methyl ketone by Dickinson's method 
(J., 1926, 2234) for the preparation of 2-methoxystyryl benzyl 
ketone (Pound: M* 234, 207, 203. C 12 H 14 0 3 requires M, 206). 

* The molecular weights recorded in this paper were all determined 
ebullioscopically in chloroform by Menzies’s method (Menzies and Wright, 
J. Amer. Chem. Soc. 9 1921, 43, 2314). ; v: 
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The semicarbazone, prepared by the usual method, crystallises 
from alcohol in colourless needles, m. p. 205°, which exhibit photo¬ 
tropic properties, becoming sulphur-yellow on short exposure to 
light. Crystallised from 50% acetic acid, it forms canary-yellow 
needles melting indefinitely about 180°. This is probably an 
unstable acetate, for on treatment with water or on keeping over 
potash it loses its crystalline form and colour, becoming identical 
with the original semicarbazone (Found: 3ST, 16-1. C^H^CySig 
requires N, 16-0%). 

3 : 3': 4 : 4'-Tetramethoxydistyrvl ketone was obtained in fair 
yield by the direct alkaline condensation of veratraldehyde with 
acetone according to Stobbe and HaerteFs method (loc. cit.)> It 
was also readily prepared by condensation of 3 :4-dimethoxystyryl 
methyl ketone (1*3 g.) with veratraldehyde (1 g.) in alcoholic 
solution (20 c.c.) in presence of dilute aqueous sodium hydroxide 
(3 c.c. of 8%); after a few hours, the yellow precipitate was collected 
and crystallised from alcohol, yielding the pure product, m. p. 84°. 
A peculiar property of this distyryl ketone was noted: a specimen 
which had been kept in a sealed tube for several months changed 
in colour, the golden-yellow crystals becoming yellowish-brown, 
and crumbled to a powder. The change appeared to start at various 
centres and slowly spread into the surrounding material, but 
complete conversion was never attained. The tetrabromide , pre¬ 
pared by treating the ketone in chloroform solution with the calcul¬ 
ated amount of bromine, crystallised from benzene in colourless 
needles which darkened at 145° and melted at 152° with inflation 
[Found: Br, 47-3 (Stepanoff). C 21 H 22 0 5 Br 4 requires Br, 47*4%]. 

Ethyl 3~m-p-Dimethoxyphenyl-5-mp-dimethoxysiyryl-A 6 -cyclohexen- 
l-one-2-carboxylate (EH).—A solution of 3 : 3' : 4 :4'-tetramethoxy- 
distyryi ketone (10 g.) and ethyl acetoaeetate (4 g.) in boiling 
alcohol (75 c.c.) was treated with sodium ethoxide (0*4 g. of sodium 
in 25 c.c. of alcohol) and maintained at the boiling point for 5 
minutes. The crystalline solid which separated on cooling (yield, 
above 90%) was twice recrystallised from absolute alcohol, in 
which it was sparingly soluble, giving bright yellow needles, m. p. 
160—161° (Found : C, 69*3; H, 6*5. 0372^07 requires C, 69*5; 
H, 6*4%). 

Z-mp-Dimethoxyp7ienyl-5-m'p-dimetJwxy$tyryl-A 5 -cjclQhexen -1 - one 
(II).—The above-mentioned ester (5 g.), dissolved in glacial acetic 
acid (75 c.c.), was boiled with 20% sulphuric acid (50 c.c.) under 
reflux for 4 hours. After cooling, the dark red liquid was slowly 
poured into ice-water (1000 c.c.). The greenish-yellow, curdy 
precipitate was crystallised from alcohol and then twice from 
ethyl acetate. The cjdohexenone formed minute, pale yellow 
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needles, m. p. 168°, which tenaciously retained traces of ethyl 
acetate. For analysis, the substance was heated in a vacuum at 
100° for several hours. It readily absorbed two molecules of 
bromine, but no pure bromo-derivative could be isolated (Found: 
C, 73*0; H, 6*4. C M H 26 0 5 requires C, 73*1; H, 6*6%). 

The direct preparation of 3-mp-dimethoxyphenyl-5-mp-dimeth- 
oxystyryl-A 5 -cycZohexen-1 - one was earned out by the following 
modification of Franceseoni and Cusmano’s method (loc. cit .). 
Veratraldehyde (12 g.), dissolved in aqueous acetone (70 c.c.), was 
treated with sodium hydroxide solution (25 c.c. of 1%). After 
the mixture had been kept for 2 days in the iee-chest, the solid 
was separated and twice recrystallised from ethyl acetate; the 
pure product, m. p. 168°, was then obtained (yield 20%). The 
filtrate gave on dilution a viscous yellow oil, from which a small 
quantity of the normal monostyryl ketone (m. p. 85°) was isolated. 
The compound, m. p. 168°, gave no depression in melting point in 
admixture with the eyefohexenone prepared as described above, 
the constitution of which is definitely determined. The cyclo- 
hexenone was also prepared by keeping an acetone solution of 
3:4-dimethoxystyryl methyl ketone, mixed with a few drops 
of 8% sodium hydroxide solution, at room temperature for several 
days. The solution slowly darkened and deposited a crystalline, 
yellow mass which, after recrystallisation from ethyl acetate, was 
identical with the Franceseoni compound (Found: G, 73*1; H, 
6*6%; M, 396, 395). Both substances were mixed with the 
synthesised cyclohexenone (II), but no depression in melting point 
was noted. 

Preparation of the cjolokexenone semicarbazone . A solution of 
the cycZohexenone (2 g.) in glacial acetic acid was treated with 
semicarbazide acetate. The yellow solution slowly became red 
and after 3 days the separated solid was filtered off, washed with 
water, and dried. On boiling with alcohol part dissolved and 
part was converted into a golden-yellow, crystalline powder; an 
identical product was obtained from the alcoholic solution. The 
monosemicarbazone forms golden-yellow rhombs, m. p. 226—227° 
to a red liquid, and regenerates the cydohexenone on being refluxed 
with aqueous-alcoholic oxalic acid for several hours (Found: 
IT, 9*2. C 25 H 29 0 5 N 3 requires IT, 9*3%). 

Dimeride of 3 ; 4z-Dime£hoxystyryl Methyl Ketone .—3 :4-Dimeth- 
oxystyryl methyl ketone (20 g.) was heated on a steam-bath with 
piperidine (30 c.c.) for 24 hours. The solution was diluted with 
water and acidified, and the resinous precipitate obtained, on 
repeated treatment with boiling alcohol, yielded a white, amorphous 
powder. For analysis, the compound, which was obtained only 
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in very small yield, was precipitated from benzene solution by the 
gradual addition of light petroleum; m. p. 209—210° (Found: 

G, 70*2; H, 6-7; M , 418. C^HagOg requires C, 69*9 ; H, 6-8%; 
M, 412). 

Z-M ethoxy A-ethoxyetyryl Methyl Ketone .—Ethylvanillin (5 g.), 
prepared according to Tiemamrs method (Ber., 1875, 8, 1129), 
was dissolved in alcohol (5 c.c.) and acetone (15 c.c.) and treated 
with 1% sodium hydroxide solution (20 c.c.). After an hour, a 
yellow oil commenced to separate which only very slowly became 
solid. In subsequent experiments, seeding the mixture at this 
stage brought about a rapid separation of the solid ketone. Re- 
crystallised from dilute' alcohol, it formed yellow needles, m. p. 
106° (yield, 83%). The ketone was also obtained in a colourless 
modification having the same melting point by allowing the yellow 
modification to stand in suspension in water or xylene for several 
weeks in direct sunlight. Whereas the yellow form gives an intense 
crimson coloration in concentrated hydrochloric acid, the colourless 
isomeride dissolves to a yellow solution (Found : C, 70*7; H, 7*0; 
M , 236. C^H^Og requires C, 70*9; E, 7-3%; Jf, 220). The 
semicarbazone separates from alcohol in pale yellow plates, m. p. 
208—209° (Found : N, 15-4. C^H^OglSIg requires N, 15-2%). 

3 : Z'-DimethoxyA : 4t-diethoxydistyryl Ketone .—Ethylvanillin (5 
g.) and acetone (1 c.c.) were dissolved in 50% alcohol (100 c.c.) 
together with 10% sodium hydroxide solution (2-5 c.c.) and the 
mixture was left at room temperature for 24 hours. The yellow 
precipitate was recrystallised from alcohol, the pure ketone separ¬ 
ating in yellow needles, m. p. 123—124° (yield, 50%) (Found: 
C, 72-0; H, 6-8. CySggOg requires C, 72*2; H, 6*8%). 

Dimeride of Z-M ethoxy A-ethoxy sty ryl Methyl Ketone .—The styryl 
ketone (19 g.) was refluxed on a steam-bath with piperidine (30 c.c.) 
for 24 hours. The gummy precipitate formed on addition of water 
was repeatedly washed with alcohol, whereby resinous impurities 
were wholly removed. The polymeride was purified by slow 
precipitation from benzene solution by means of light petroleum. 
It formed a white, amorphous powder, m. p. 187° (yield, 5%) 
(Found: 0,70*9; H, 7*4; M, 446,465, CggHggOg requires C, 70*9; 

H, 7*3%; if, 440). 

PropylvaniUin.—A mixture containing the potassium salt of 
vanillin (19 g.), propyl iodide (25 g.), and absolute alcohol (20 c.c.) 
was heated for 12 hours under reflux on the water-bath. After 
removal of part of the alcohol, the residue was poured into water; 
the precipitated oil rapidly solidified. This was dissolved in ether 
and repeatedly washed with dilute alkali solution to remove un¬ 
changed vanillin. The residue left after removal of the ether was 
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recrystallised from dilute alcohol, propylvanillin being obtained in 
colourless crystals, m. p. 59—60° (yield, 60%) (Found: C, 67*8; 
H, 74. C u H X 4 0 3 requires C, 68*0; H, 7*2%). The semicarbazone 
separated from alcohol in colourless needles, m. p. 156° (Found: 
N, 16*9. requires N, 16*7%). 

Z-MethoxyA-propoxystyryl Methyl Ketone .—A solution of propyl¬ 
vanillin (2 g.) in acetone (8 c.c.) and alcohol (3 c.c.) was 
treated with 1% aqueous sodium hydroxide (8 c.c.). The pro¬ 
duct, which rapidly separated, was twice recrystallised from 
alcohol, the pure styryl ketone forming bright yellow rhombs, 
m. p. 92—93° (Found: C, 71*9; H, 7*8. C 14 H 18 0 3 requires C, 71*8; 
H, 7*7%). 

3-m-M ethoxy-p-propoxyphenyl-5 - m - methoxy - p -propoxystyryl- A°- 
cyclohexen-1-one. —The ketone (10 g.) in acetone (75 c.c.), alcohol 
(50 c.c.), and water (100 c.c.) was treated with 2A r -sodium hydroxide 
(10 c.c.), and the whole left at room temperature for 3 days. The 
small amount of yellow precipitate crystallised from ethyl acetate 
in pale yellow needles, m. p. 152—153°. It readily absorbed two 
molecules of bromine, halochromic colour effects being shown, but 
no solid tetrabromide could be isolated (Found : C, 74*5; H, 7*6. 
CggH^Os requires C, 74*7; H, 7*6%). 

iso Propylvanillin, prepared in the same way as the n-isomeride, 
formed a pale yellow, viscous liquid, b. p. 150—152°/13 mm. The 
semicarbazone separated from alcohol in colourless needles, m. p. 
151—152° (Found : 1ST, 16*6. C 12 H 17 0 3 N 3 requires N, 16-7%). 

3-Methoxy A-isopropoxystyryl methyl ketone, prepared by the 
method described for the w-isomeride, separated as a yellow oil 
which only became solid after long standing. It crystallised from 
aqueous alcohol in yellow flakes, m. p. 51—53°. An acetone- 
alcoholic solution of the ketone in presence of alkali darkened 
fairly rapidly, but only resinous material was isolated. The semi¬ 
carbazone formed yellow needles, m. p. 203—204° (Found : N, 14*6. 
C 15 H 21 0 3 N3 requires N, 14*4%). 

Benzylvanillin, previously prepared by the oxidation of benzyl- 
isoeugenol (Boehringer und Sohne, D.R.-P. 65,937, 1891), is more 
conveniently prepared by the following method. A thin alcoholic 
paste of the potassium salt of vanillin (23 g.) was heated under 
reflux with benzyl chloride (25 g.) for 12 hours. The excess of 
benzyl chloride was removed by short distillation in steam and the 
residual oil, which solidified on cooling, was twice recrystallised 
from alcohol, benzylvanillin being obtained in colourless crystals, 
m. p. 64—65° (yield, 70%). 

3-Methoxy-4z-benzyloxystyryl Methyl Ketone. —A solution of benzyl- 
vanillin (5 g.) in acetone (8 c.c.) and alcohol (20 c.c.) was treated ; 

. 3s2 t ,k<i 
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■with sodium hydroxide solution (8 o.o. of 0-5%) and kept in the 
ice-chest; an oil then separated which slowly solidified. The 
crude product (yield, 80%) contained a small amount of the corre¬ 
sponding distyryl ketone, which was only separated with difficulty 
by fractional crystallisation either from alcohol or ethyl acetate. 
The ketone crystallised from alcohol in yellow needles, m. p. 93° 
(Found: C, 764; H, 64; M , 280, 285. C 1S H 18 0 3 requires C, 
76-6; H, 64%; If, 282). The semiearbazone formed a yellow 
powder, m. p. 200—201° (Found : N, 124. C 19 H 21 0 3 N 3 requires 

N, 124%). 

3 : S'-DimeihoxyA : 4 '-dibenzyloxydisiyryl Ketone .—A solution of 
benzylvanillin (2 g.) in acetone (0*5 c.c.) and alcohol (30 c.c.) was 
treated with 1% sodium hydroxide solution (10 c.c.). After 24 
hours, the mixture was neutralised with dilute acetic acid, where¬ 
upon an oil separated which rapidly solidified. The distyryl ketone 
crystallised from ethyl acetate in golden-yellow needles, m. p. 155°. 
Alternatively, the same compound may be obtained by condensation 
of 3-methoxy-4-benzyloxystyryl methyl ketone with benzylvanillin 
(Found : C, 78*1; H, 6*0. C 33 H 3 Q 05 requires G, 78*3; H, 5*9%). 
The tetrabromide, obtained by treating the ketone in chloroform 
solution with the calculated amount of bromine, formed minute, 
colourless needles, m. p. 141° (decomp.), from benzene. This 
compound rapidly decomposes with loss of bromine. 

An apparent isomeride of this distyryl ketone was isolated in an 
attempt to prepare the cydohexenone from 3-methoxy-4-benzyloxy- 
styryl methyl ketone by the action of alkali in the following manner. 
The monostyryl ketone (10 g.) in acetone (36 c.c.) and alcohol 
(36 c.c.) was treated with 8% sodium hydroxide solution (25 c.c.), 
and the mixture was kept at room temperature for 6 hours and in 
the ice-chest for 2 days. A solid separated which, after three 
recrystallisations from ethyl acetate, was obtained in dark orange- 
yellow needles, m. p. 174—175°. This substance absorbs 2 mole¬ 
cules of bromine, but no solid bromide could be isolated (Found: 

O, 78-3; H, 6*2%). 

Phenyl 3: 4^Dimethoxystyryl Ketone .—A solution of veratraldehyde 
(5*6 g.) and acetophenone (4 g.) in alcohol (30 c.c.) was treated 
with 10% sodium hydroxide solution (12 c.c.). After an hour, an 
oil separated which slowly solidified; in subsequent experiments, 
seeding of the oil brought about almost instantaneous solidification. 
The chalkone separated from aqueous alcohol in yellow needles, 
m. p. 88° (yield, 70%) (Found: G, 75*9; H, 6*3. C 17 H 16 0 3 requires 
C, 76*1; H, 6-0%). Attempts to condense this compound to a 
cydfohexenone by means of alkali failed, only resinous material 
being formed. 
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In conclusion, we desire to express our thanks to the Council 
of the Department of Scientific and Industrial Research for a grant 
to one of us (R. D.) and also to the Cumberland Comity Council for 
the renewal of a scholarship (I\ I.) which has enabled this research 
to be carried out. 

The Univeesity, Liyeepool. [Received, June 8th, 1927.] 

CCXLIV .—The Oxidation of n-Triacontans. 

By Francis Francis and Norman Edward Wood. 

It is now known that Scotch paraffin wax fusing between 55° and 
56°, and probably all similar waxes, are composed of ten to twelve 
^-hydrocarbons (J., 1926, 1420). 

The oxidation of paraffin by air or oxygen has been described 
in this Journal, but in 1922 (J., 121, 501) it was shown that the 
synthetic hydrocarbons %-kexadecane and ?i-dotriacontane in the 
presence of 5% of turpentine suffered no change when treated with 
a current of air at 100° for 730 and 696 hours, respectively. Under 
similar conditions, paraffin wax reached a content of about 19% 
of oxygen. At that time, these observations led to the conclusion 
that the hydrocarbons present in the latter substance differed from 
those of the normal series. 

Later it was found, however, that the presence of very small 
quantities of certain impurities in paraffin was capable of greatly 
prolonging the latent phase of the oxidation process, that char¬ 
acteristic period in this reaction when no change is observed. 

Both of the above hydrocarbons had been synthesised from 
their halogen derivatives—octyl and cetyl iodide—purified by the 
ordinary method, and were judged from their constants and 
analyses to be pure. A sufficient amount of the specimen 
of hexadecane used in the work was available, and on being tested 
was found to contain traces of iodine, and there is but little doubt 
that the dotriacontane was contaminated in a similar manner. 
It was highly probable that these impurities had prolonged the 
latent period of the oxidation, and in order to test this view, a 
suitable hydrocarbon—?i-triacontane—was synthesised by a method 
that did not involve the use of halogen derivatives. 

Triacontane was prepared by the electrolysis of potassium 
palmitate {Peterson, Z . Elektrochem., 1906,12, 141). The palmitic 
acid used was Kahlbaum’s purest preparation, and the resulting 
hydrocarbon (480 g.) was purified by crystallisation from benzene, 
followed by fractional distillation in a vacuum. It fused at 66*5°, 
and boiled at 304° '(corr.)/15 mm.; the analysis is given in Table I. 
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During this preparation, about 70 g. of a hydrocarbon were 
isolated, liquid at the ordinary temperature, a description of which 
will be given in a later co mm unication. 

When triacontane and 5% of turpentine were treated at 95° ±2° 
with a current of air free from moisture and carbon dioxide, oxidation 
took place in a manner strikingly similar to that shown by paraffin 
wax or the hydrocarbons isolated from it. The analysis of the 
material after the passage of air for various periods is given in 
Table I, a being the duration of the air current in hours. The 
final product showed an acid value of 88*6. 

Table I. 



Oxidation of C^H^. 

05 

II 

0 ±2°. 






0 / 0 
/o u 




%o 

a. 

%C. 

%H. 

by diff. 

a. 

%c. 

%H. 

by dm. 


Hydrocarbon 84*9 
82*5 

14-9 

— 

506 

80*5 

13*6 

5*9 

173 

14*5 

3*0 

577 

79*1 

13*0 

7*9 

266 

82*4 

14-5 

3*1 

748 

78*0 

12*8 

9*2 

341 

82*3 

14-3 

3*4 

865 

76*1 

12-6 

11*3 

413 

81*3 

14*0 

4*7 

1009 

75*7 

12*2 

12*1 


If the data in Table I be compared with those for paraffin wax 
at 100° (J., 1924, 125, 387), it will be seen that in both cases there 
is a halt in the progress of the oxidation when the oxidised material 
contains about 3% of oxygen, and a similar but less well-marked 
phenomenon when the content has reached 8% of this element. 

With the above hydrocarbon at the temperature mentioned, an 
oxygen content of 7% is reached in 550 hours; at 100°, paraffin 
wax requires 790 hours, the hydrocarbon C 22 H 46 isolated from 
paraffin 460 hours, and 0291150 from the same source 420 hours 
(compare J., 1924, 125, 383). 

Products of the Oxidation .—(1) During the oxidation of paraffin 
wax, of the hydrocarbons isolated from it, and of triacontane itself, 
carbon dioxide and formic acid are formed. The amounts of these 
were determined by passing the gases through an excess of barium 
hydroxide solution. Triacontane gave 4*3 g. of carbon dioxide per 
100 g. of hydrocarbon oxidised, and in the other cases the amount 
varied between 4*6 and 6*3 g. The amount of carbon in the form 
of formic acid produced from triacontane was 0*6 g. per 100 g. 
oxidised, and in the other cases varied between 1*0 and 1*3 g. 

(2) The products of the oxidation were freed from unoxidised 
triacontane by several crystallisations from fifteen times the volume 
of acetone. The unchanged hydrocarbon, insoluble in this solvent, 
amounted to 21%. In the case of paraffin wax under comparable 
conditions, the corresponding amount lies between 25 and 30%. 
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(3) The oxidised triacontane, consisting of acids and inert material, 
was then saponified with an alcoholic solution of caustic potash, 
water added until 50% was present, and the inert products were 
extracted with large quantities of light petroleum. The acids 
amounted to 64%, whereas in the case of paraffin wax they lay 
between 58 and 69% in different experiments. 

Acidic Products of the Oxidation .—(1) The acids were steam- 
distilled, but the amount of oily distillate was too small for identific¬ 
ation. The water in the distilling flask, however, had dissolved a 
small quantity of a substance which consisted chiefly of succinic 
acid, although the amount isolated was insufficient for complete 
purification. It fused at 176°, and at 178—179° when mixed with 
succinic acid (m. p. 181°), and its molecular weight by titration 
was 119 (Found: C, 41*2; H, 4*3. Calc, for C 4 H 6 0 4 : C, 40*7; 
H, 5*1%; Jf, 118). 

(2) The cake of dry acids from the previous operation was re- 
crystallised several times from chloroform followed by acetone, 
and about 9% of a mixture of white, crystalline acids was obtained. 
After long-continued fractional crystallisation, these were found 
to co nsi st chiefly of C 26 H 52 0 2 , which appeared to be identical with 
cerotic acid, and a small quantity of C 24 H 48 0 2 . Both these acids 
had been previously isolated in this laboratory from products of 
the oxidation of paraffin wax. 

The specimen of cerotic acid used for the comparison was pre¬ 
pared for us by the Eastman Kodak Co. It had been isolated from 
beeswax and purified by the fractionation of its methyl ester. 
Both this acid and the corresponding one mentioned above were 
further purified by conversion, in methyl-alcoholic solution, into 
the barium salt, which was extracted with ether and finally with 
acetone. The acids recovered from these salts by solution in hot 
acetic acid were repeatedly crystallised from acetone and finally 
from light petroleum. The full comparison is given in Table II. 

The data given for the corresponding acids from paraffin wax 
(a) and (6) were for specimens isolated by different observers and 
their preparation will be described in another communication. 
We have to thank Mr. Piper, who is undertaking an investigation 
of these other acids, for the X-ray data. He informs us that, as 
regards the high values in the above table, the error is about 1%. 
We point out that the melting points of the above acids are about 
10° lower than that of the synthetic acid of the same carbon content, 
which, according to Levene and Taylor, fuses at 88*5° (J, Biol, 
Chem. } 1924, 59, 919). We leave to a later date the discussion of 
this acid and that melting at 74°, of acid value 152, which is prob¬ 
ably C 24 H 48 0 2 , together with a series of what are believed to be. 
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Table II. 




Paraffin 

wax. 

Source. 

M.p ... 

Beeswax, C 30 H 6S . 
77-5° 78° 

(a). 

80° 

(6). 

76° 

Mixed m. p. .. 

77-5—78° 



Acid value. (Calc, for 

C ss H 5a O a , 141) . 

144 145 

141 

146 

Calc, for / C 78-8% . 

CgjHggOg 13-1% ......... 

78-6% 78-4% 

13-1% 13-2% 

79-1% 

13-3% 

78-9% 

13-1% 

X-Ray spacing, <e pressed.” A. 

6S-03 6S-85 

68-8 

68-4 

M. p. of methyl ester. 
(Previous observers, 60 — 
62°) .. 

60-5° 63-5° 

62—3° 

62° 

Mixed m. p. 

62° 



M. p. of ethyl ester. (Previous 
observers, 59—60°) . 

58° 60-5° 



Mixed m. p . 

59° 



X-Ray spacing, “ pressed.” 
A. Ethvl ester . 

39 15 39-0 




analogous acids, which have been isolated from the oxidation 
products of paraffin wax. 

(3) The main bulk of the acids, from which cerotic acid and 
the acid C 2 4H 4S 0 2 have been removed, is a complex mixture of 
monobasic and oxy-acids which cannot be separated from the 
small amount of inert material present by conversion into barium 
salts and extraction with solvents. The mixture is as difficult 
to deal with as that of the corresponding material from paraffin 
wax. 

The material was converted into methyl esters, of which about 
38% could be distilled without decomposition in a vacuum of 
3 mm., this amount corresponding closely with that observed 
in the case of the similar complex obtained from paraffin wax. 
The distillate boiled between 140° and 205°/6 m m. and on stand¬ 
ing in the ice-chest deposited a crystalline substance. The acids 
obtained from this were fractionally crystallised from acetone 
and finally two were isolated in small quantities : (A) M. p. 63°, 
acid value 188. Found: C, 76-1, 76-3; H, 12*7, 12-7%. The 
pressed X-ray spacings were A. 52*11. Provisionally this is re¬ 
garded as G>qH 40 O* (Calc.: Acid value, 179; C, 76-9; H, 12-8%). 
<B) M. p. 53-4°. Found; C, 74-S, 75*0; H, 12-5, 124%. The 
pressed X-ray spacings = A. 46-56. This is provisionally regarded 
as (Calc.; C, 75*0; H, 12*5%), but is probably con¬ 

taminated with an acid of higher carbon content. 

(4) The residue of esters which could not be distilled gave a 









FRANCIS AND WOOD *. THE OXIDATION OF W-TBIACONTANE. 1901 

small quantity of an acid, fusing at 68° after repeated crystallisation 
from glacial acetic acid (Found : C, 76*9; H, 12-6%). It is prob¬ 
ably an impure specimen of (Calc.: C, 77-6; H, 12-9%). 

Acids similar to those just described have been isolated in larger 
quantities from the products of the oxidation of paraffin wax. 

Inert Products of the Oxidation .—Following the method previously 
described (J., 1926, 2377), the non-acidic products of the oxidation 
were repeatedly crystallised from five times their weight of acetone, 
and thus separated into a relatively insoluble, white, crystalline 
mass, comprised chiefiy of ketones and dioxy-products constituting 
together about 46% of the mixture, and a more soluble coloured 
mixture of more highly oxidised hydrocarbon, which was not 
further examined. 

(i) The crystalline mixture fused at 58—59°. It was acetylated 
and the more soluble acetyl derivatives were separated by their 
greater solubility in acetone. The acetates were decomposed, and 
the resulting alcohol after purification fused at 69° (Found: C, 
794; H, 13-5. Calc, for C^H^: C, 79*6; H, 13*2%). It 
was either a ketonic alcohol or a dihydroxy-derivative, but the 
amount obtained was insufficient for further examination. The 
residual material, from which a certain part of the dioxy-substance 
had been separated, fused at 60—61° and contained C, 80*7; H, 
14*2%. It was chiefiy composed of ketones and dioxy-derivatives. 

(ii) This mixture was treated with hydroxylamine, and the 
resulting oxime separated by its greater solubility in alcohol from 
the other substances present. The oxime itself coul£ not be 
purified, but on saponification it gave a well-defined, crystalline 
ketone, m. p. 62*5° (Found : C, 82*0; H, 13*8. Calc, for C^H^O : 
C, 82*5; H, 13*7%). 

Mr. Piper examined this specimen by X-rays and informed us 
that it contained 30 carbon atoms and, judging from the intensity 
distribution, the oxygen was situated most probably on the fourth 
carbon atom. (See J., 1926, 2381, for corresponding ketones with 
lower carbon content obtained from paraffin wax.) 

Summary. 

We have shown the striking similarity between the oxidation 
of synthetic triacontane, the mixture of solid ^-hydrocarbons 
termed paraffin wax, and the pure constituents isolated from the 
latter. This similarity extends, not only to the velocity of oxidation, 
but to the nature and amounts of the products formed. 

The, highest acid present among the acidic products of the oxid¬ 
ation of triacontane has a carbon content of 26 atoms and appears 
to be identical with cerotic acid obtained from beeswax. This 
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acid fuses 10° lower than the corresponding synthetic acid, a 
phenomenon noticed with other acids obtained from paraffin was, 
which will be discussed at a later date. 

Support has been obtained for the view expressed previously 
(J., 1926, 2383) that in the oxidation of hydrocarbons such as 
triacontane the first product is a secondary alcohol, which then 
passes to a ketone. The latter has been isolated and found to 
have a carbon content of 30 atoms. X-Ray analysis indicates that 
the oxygen is situated on the fourth carbon atom; on further 
oxidation, the chain breaks, and the fact that a C 26 acid results 
leads to the conclusion that the ketone has the structure 
CHs-tCH^-OHa-CO-CH^C^-CHs. 

This view is also supported by the presence of succinic acid among 
the products of the reaction. 

The amount of acids with high carbon content resulting from 
the oxidation of such long-chain hydrocarbons is always very 
small. Probably, simultaneously with the formation of the second¬ 
ary alcohol followed by that of the ketone and their breakdown 
into acids, there occurs the further oxidation of the mono-oxy- 
derivative first formed to polyhydroxy-derivatives, which on 
further oxidation pass to ketones and then break down to acids 
and oxy-acids of still smaller carbon content. 

Our thanks are due to the Colston Research Society for grants 
towards the expenses of this work. 

UmvEBSiTY or Bristol. [Received, June 1st, 1927.] 


CCXLV .—The Isomeric Hydroxybenzyldimethylamines. 

By Edgar Stedmait. 

A separate problem necessitated the synthesis of the isomeric 
hydroxybenzyldimethylamines, which was effected by treating the 
methoxybenzyl bromides with dimethylamine and hydrolysing the 
methoxybenzyldimethylamines so prepared with hydrobromic acid 
—a method similar to that employed by Tiffeneau (Bull. Soc. chim 
1911, 9 , 825) for the preparation of the jp-isomeride. Previous 
unsuccessful attempts had been made to prepare these phenols 
from the nitrobenzyl chlorides. Dimethylamine converted the 
latter into the idtrobenzyldimethylamines, which, on reduction, 
gave the aminobenzyldimethylamines. These underwent smooth 
diazotisation, but no phenol could be isolated from the tarry 
product obtained by decomposing the diazo-compound in hot 
aqueous solution. 
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In the interaction between p-nitrobenzyl chloride and dimethyl- 
amine, a considerable quantity of di -p -nitr obenzyldimethyl- 
ammonium chloride was produced, whilst only insignificant amounts 
(if any) of such quaternary salts were formed from the o- and 
m-isomerides. Although the reactions were not carried out under 
the same conditions of concentration, this result agrees with the 
recent experiments of McCombie, Scarborough, and Smith (this 
vol., p. 802), who have shown that the velocity coefficient for the 
formation of quaternary salts from trimethylamine and the nitro- 
benzyl chlorides is greater in the case of the p- than of the o - and 
m-isomerides. 

Experimental. 

o-, m-, and p-Hydroxybenzyldimethylamine. —A solution of the 
methoxybenzylbromide in benzene was prepared by saturating a 
benzene solution of the methoxybenzyl alcohol with dry hydrogen 
bromide, drying it over anhydrous calcium bromide, and distilling 
off benzene until most of the excess hydrobromic acid had been 
removed (compare Lapworth and Shoesmith, J., 1922, 121 , 1391). 
Excess of a solution of dimethylamine in benzene was then added 
and after 24 hours the dimethylamine bromide which had separated 
was removed by filtration and the methoxybenzyldimethylamine 
extracted from the benzene solution with hydrochloric acid. Traces 
of benzene were removed from the acid solution by extraction with 
ether, and the base was liberated with sodium hydroxide and 
extracted with ether. Evaporation of the dried ethereal extract 
gave the methoxybenzyldimethylamine, which, after being distilled 
under diminished pressure, was converted into the hydroxybenzyl- 
dimethylamine by boiling with constant-boiling hydrobromic acid. 
In the case of the m-compound, 4 hours sufficed completely to 
hydrolyse the methoxy-group. The hydrobromic acid was removed 
by distillation under diminished pressure, the residue dissolved in 
water and made alkaline with sodium carbonate, and the phenol 
shaken out with ether. The product obtained on evaporation of 
the dried ethereal extract rapidly crystallised. In the case of the 
o- and p- compounds, the treatment with hydrobromic acid was 
continued for 10 hours. Nevertheless, hydrolysis was incomplete 
and considerable decomposition occurred with the ^-isomeride. In 
both cases, the product left after removal of the hydrobromic acid 
was dissolved in water, and the solution was extracted with ether 
before and after being made alkaline with sodium hydroxide in 
order to remove impurities and unchanged methoxy-compound. 
It was then made slightly acid and the phenol was precipitated 
with sodium carbonate and shaken out with ether. Evaporation 
of the dried ethereal extract gave the phenols in fairly pure farm., 
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m-Meihoxybenzyldimeihylamine is a colourless oil, b. p. 105°/13 mm. 
The hydrochloride crystallises from acetone-alcohol in tablets, 
m. p. 173° (Found : Cl, 17-6. C 10 H 15 ON,HC1 requires d, 17*6%). 

m-Bydroxybenzyldimetkylamine crystallises from benzene in 
prisms, m. p. 108°. The hydrochloride crystallises from alcohol in 
flat prisms, m. p. 173° (Found : Cl, 18-9. C 9 H 1S 0N,HC1 requires 
d, 18*9%). 

p-Methoxybenzyldimethylamine has b. p. 109°/13 mm. (compare 
Tiffeneau, loc. cit .). ‘The hydrochloride crystallises from acetone 
in prisms, m. p. 152° (Found : Cl, 17*6%). 

p-Hydroxybenzyldimethylaniiiie (compare Tiffeneau) has m. p. 
106°. The hydrochloride separates from alcohol in macroscopic 
prisms, m. p, 185° (Found: Cl, 18*7%). 

o-Methoxybenzyldimdhylamine is a colourless oil, b. p. 113°/ 
20 mm. The hydrochloride is hygroscopic. After crystallisation 
from acetone, it has m. p. 149° (Found : Cl, 17*7%). 

o -Hydroxybenzyldimetkylamine is a colourless oil, b. p. 99— 
100°/12 mm. The methiodide crystallises from alcohol in prisms, 
m. p. 169° (Found : I, 43*1. CgH^O^CHgl requires I, 43*35%). 

o-NitrobenzyMimethylamine .—An alcoholic solution of 30 g. of 
o-nitrobenzyl chloride was treated with dimethylamine (slightly 
more than 2 mols.) dissolved in the same solvent. After 3 days, 
the alcohol was evaporated, and the residue treated with water 
and sufficient hydrochloric acid to produce a clear solution. After 
extraction with ether to remove any unchanged nitrobenzyl chloride, 
the solution was made alkaline with sodium carbonate and the oil 
thus precipitated shaken out with ether. Evaporation of the dried 
ethereal extract left 29*1 g. of an oil. This was converted directly 
into the hydrochloride (yield 33 g.). When recrystallised from 
alcohol-acetone, the hydrochloride of o-nitrobeTizyldimeihylamine 
forms long, almost colourless prisms, m. p. about 221° (Found : 
Q, 16*4. CgH^O^HCl requires a, 16*4%). 

o-Amimbenzyldimethylamine. —The hydrochloride (10 g.) of 
o-nitrobenzyldimethylamine was m i x ed with 17 g. of granulated 
tin, and 70 g. of concentrated hydrochloric acid were added slowly 
in small portions, with efficient cooling. The solution was finally 
heated on the water-bath for 30 minutes and then cooled. The 
crystalline stannichloride which had separated was filtered off and 
decomposed in aqueous solution by hydrogen sulphide, the filtrate 
from the tin sulphide was boiled to expel the excess of hydrogen 
sulphide and made alkaline with sodium carbonate, and the oil 
thus precipitated was extracted with ether. Evaporation of the 
dried ethereal extract left *4 g. of a somewhat brown oil which 
slowly crystallised. (A further 1*6 g. was obtained by working up 
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the filtrate from the staimiohloride in a similar manner.) This was 
distilled under diminished pressure; o- aminobenzyldimethylamme, 
b. p. 107°/14 mm., then passed over as a colourless oil which crystal¬ 
lised completely on cooling. The crystals had m. p. 36—37°. 
The dihydrochloride separates from alcohol in blunt prisms, m. p. 
205° after sintering at 193° (Found: Cl, 31*7. C 9 H 14 N 2 ,2HC1 
requires Cl, 31*8%). 

Action of Dimeihylamine on ip-Niirobenzyl Chloride. —A mixture of 
dimethylamine (slightly more than 2 mols.) and ^-nitrobenzyl 
chloride (30 g.) in alcoholic solution was kept for 3 days. The 
alcohol was then evaporated, and the residual brown oil treated 
with water and sufficient hydrochloric acid to produce a clear 
solution. Ether extracted from this a small quantity of a red oil. 
Addition of sodium carbonate to the aqueous solution precipitated 
an oil which partly solidified. Extraction with ether removed the 
oil, but not the solid. On evaporation of the dried ethereal extract, 
an orange oil (20*8 g.) was obtained. This was converted directly 
into the hydrochloride, but only 14 g. could be obtained in solid 
form. The hydrochloride of p-nitrobenzyldimethylamine thus 
prepared crystallised from acetone-alcohol in faintly yellow plates, 
m. p. 188° (Found : Cl, 16*3. CgH^OgN^HCl requires Cl, 16*4%). 
The base was recovered from the oily residue from the preparation 
of the hydrochloride and divided into two portions, one of which 
was treated with methyl iodide. This yielded jy-niirobenzyliri- 
methylamimnium iodide , which crystallised from alcohol in yellow, 
wedge-shaped prisms, m. p. 198° (Found : I, 39*1. C 9 H 12 0 2 N 2 ,CH 3 I 
requires I, 39*4%). The second portion of the recovered base was 
treated with an alcoholic solution of oxalic acid; the oxalate of 
p-nitrobenzyldimethylamine was thus obtained, which separated 
from alcohol in lustrous, yellow plates, m. p. 155°. The identities 
of the oxalate and methiodide were established by recovering the 
base from the oxalate and converting separate portions into its 
methiodide and hydrochloride. The salts obtained were identical 
with those described above. 

The above-mentioned solid which was not extractable with ether 
was filtered off (yield 8*8 g.) and recrystallised from alcohol; it then 
formed stout prisms, m. p. about 176°. Its behaviour was that of 
a quaternary chloride, for it was soluble in water and its aqueous 
solution contained ionic chlorine, but gave no precipitate on addition 
of alkalis. Analysis indicated that it was di-ip-nitrobenzyldimethyl- 
ammonium chloride (Found: Cl, 10*1. C 16 H 18 0 4 N 3 C1 requires 
a, 9-8%). 

p-Aminobenzyldimethylamine, prepared as in the case of the 
m-isomeride, has b. p. 133°/16 mm. (compare Friedlander and 
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Mosczyc, Ber., 1895, 28, 1141). The dihydrochloride separates 
from alcohol in needles, m. p. 216° (Found : Cl, 31*7. C 9 H 14 N 2 ,2HC1 
requires Cl, 31*8%). 

m-Nitrobenzyldimethylam in e was prepared from m-nitrobenzyl 
chloride (20 g.) and dimethylamine as in the case of the o-isomeride, 
19-1 g. of a yellow oil being obtained. This was converted directly 
into the hydrochloride (yield 23 g.). When recrystallised from 
alcohol, the hydrochloride of m-nitrobenzyldimethylamine forms 
practically colourless, stout prisms, m. p. 230° (Found: Cl, 16-3. 
C^H^O^^HCl requires Cl, 164%). 

m-A m mobenzyldimethylamine was prepared by the method 
employed for the o-isomeride. 10 G. of the hydrochloride of the 
nitro-compound yielded a crystalline stamiichloride which, on 
decomposition with hydrogen sulphide, gave 3 g. of the base. On 
distillation, it was obtained as a colourless oil, b. p. 129°/13 mm., 
which rapidly crystallised. The crystals had m. p. 46°. The 
dihydrocMoride crystallised from alcohol in prisms, m. p. 225° after 
sintering at 210° (Found: Cl, 31*7. C 9 H 14 N 2 ,2HC1 requires 
Cl, 31-8%). 

The expenses of this work, which was carried out during the 
tenure of a Carnegie Teaching Fellowship, have been met by grants 
from the Earl of Moray Research Fund of this University. 

Department op Medical Chemistry, 

University op Edinburgh. [Received, June 1st, 1927.] 


CCXLVL —The Effect of Hydrochloric Acid on the 
Electrode Potential between Mercury and Mercurous 
Chloride * 

By Sydney Raymond Carter, Frederics: Measham Lea, and 
Robert Anthony Robinson. 

The effect of hydrochloric acid on the electrode potential between 
mercury and calomel has been investigated by Sauer (Z. physical. 
Chem ., 1904, 47,146), who worked with 0-IN- and l*0A T -solutions of 
hydrochloric acid. Measurements have also been made by Tolman 
and Ferguson (J. Amer. Chem . Soc., 1912, 34,232), Ellis {ibid., 1916, 
38, 737), and Linhart ( ibid 1917, 39, 2601), on cells of the type : 

H 2 |a^HCI, solid Hg 2 CJ 2 |Hg 

combined with a similar cell using iv-hydrochloric acid, the whole 
forming a concentration cell without transport, reversible with 
respect to both the chlorine and the hydrogen ions. 
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Direct measurements of cells of the type : 

HgjHg 2 Cl 2J ^-HCl|A r -HCl|iV r -KClIiV'-KCl,Hg 2 Cl 2 iHg 

have now been carried out, a correction being applied for the diffusion 
potential across the boundary £\A T -HC1|A T -HC1 on the basis of some 
earlier results (Carter and Lea, J., 1925,127, 487). Measurements 
of this type have been employed to elucidate certain results which 
are described in the succeeding communication. 

Construction of Cells .—Mercurous chloride was obtained in a state 
of purity, containing no mercuric chloride and only a trace of free 
mercury. The mercury used was purified both by electrolytic 
methods and by distillation. Cell solutions were prepared by 
grinding calomel, together with a little free mercury, into a paste 
with hydrochloric acid of a known concentration. The supernatant 
liquid was decanted repeatedly as in the construction of the normal 
calomel electrode. The electrode was of mercury, and upon this 
was placed a thin layer of calomel paste, the vessel being filled with 
hydrochloric acid solution saturated with calomel. The following 
chain of solutions was constructed : 

Hg|Hg 2 Cl2,aL&r-HC1|^ -ECIJIV'-HCSpf-KClJiV-KCljHgaC^IHg 

,<s 2S -i- - ~ • > 0-56o" 

w 0-0288 

-*- 

E a 

Special experiments were made in order to ascertain that the 
diffusion potentials were constant over a considerable period of 
time and were also reproducible. Several arrangements were tried, 
but the above w r as found to be the most satisfactory. Connexion 
between the solutions at A and B was made by means of inverted 
U-tubes filled with ^-solutions of hydrochloric acid and potassium 
chloride, respectively, and plugged at both ends with wads of filter 
paper. The diffusion potential at B can be calculated on the basis 
of Henderson’s formula ( Z . physikal. Chem ., 1907, 59, 118) to be 
0*0288 volt. That at A has been measured (Carter and Lea, Zoc. cit.) 
for values of x greater than unity; for values less than unity it may 
be calculated from the usual formula. Thus if E is the potential of 
the half-element, HgjHg 2 Cl 27 xB r -HCl } and E c is the potential of the 
whole cell, then 

E = E c + ir + 0*0288 + 0*560 volt. 

All measurements were made at 18°, and the observed E.M.F. is 
regarded as positive if the current flows through the cell from the 
normal calomel electrode towards the acid solution. An inert 
atmosphere of nitrogen was maintained in the cells during the 
experiments. ■ ,'.Jx 
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JResults. 

The results are given in Table I. Tlie values given under the 
heading E (obs.) were obtained from the above equation by using 
the mean of the values given under E c . 


Table I. 

E (calc.). 



E r 


E 

(Con- 

\ 

(Activ¬ 

[HC1 ]. 

/ ■ ■" \ 

77 . 

(obs.). ductivity.) 

ity.) 

10*09 

— 0*2595 

0-0S09 

0*4102 

— 

0*4106 

10*00 

—0*2572, —0*2576, — 0*2580 

0*0806 

0*4118 

— 

0*4112 

7*60 

-0*2121 

0-0706 

0*4473 

— 

0*4436 

7*20 

-0*2036, -0-2041, -0*2045 

0-0674 

0*4521 

— 

0*4494 

4*64 

-0*1460, -0*1462, -0-1465 

0-0465 

0*4891 

— 

0*4877 

4*4S 

-0-1434 

0-0450 

0*4904 

— 

0*4900 

2*73 

-0*0970, -0-0975, -0-0975 

0-0263 

0*5177 

•— 

0*5184 

2*29 

-0-OS23 

0*0205 

0*5270 

— 

0*5263 

1*00 

-0*0348, -0*0348, -0*0349 

0*0000 

0*5540 

0*5579 

0*5570 

0*10 

+0*0590, +0-0593, +0-0595 

-0-0370 

0*6111 

0*6137 

0*6154 

0*0106 

+0*1528, +0*1530, +0*1531 

-0-0731 

0*6687 

(0*6687) (0*6687) 

0*0027 

+0*2121 

-0-0974 

0*7035 

0*7032 

0*7019 


The potential between mercury and any solution in equilibrium 
with it is given by the equation : 

E = £ 0 + 0-029 log [Hg 2 “] .... (I) 

Since the solution is saturated with respect to calomel, if the solubility 
product [Hg 2 ”j [Cl'] 3 = k v then 

E = E 0 + 0-029 log IcJICVf = 

E 0 + 0-029 log lz x - 0-058 log [CF] . . (2) 

or E = Eq — 0-058 log [CF] .... (3) 

The calculated values in the last two columns have been obtained 
from equation (3) by taking the observed value of E = 0-6687 volt 
for [HC1] = 0-0106iy. In column 5, the chlorine-ion concentration 
has been deduced from conductivity-viscosity data for concentrations 
up to ^-hydrochloric acid, whilst in column 6 it has been obtained 
from activity data (Lewis and Randall, “ Thermodynamics/ 5 1923, 
p. 336). 

The agreement with the observed E.M.F. is satisfactory, but it 
should be pointed out that the agreement in the case of the activities 
cannot be regarded as an entirely independent proof, since the activity 
values have been derived primarily from potential measurements 
of cells which are virtually the same as those under consideration. 

Effect of Mercuric Chloride on the Electrode Potential .—It was 
thought possible that mercuric chloride in presence of mercury 
might register a measurable potential. When such a cell was 
constructed from 0*05J\ T -mercuric chloride in 3 *0A r -hydrochloric acid. 
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the usual grey film appeared on the surface of the mercury, and the 
E.M.F. measured showed wide fluctuations over several days, but 
tended towards the same value as the potential of the same cell 
containing calomel in 3 'ON -hydrochloric acid. It was therefore 
concluded that the Hg-Hg" potential is inaccessible. 

The reduction of mercuric chloride by mercury is by no means 
rapid. Thus two solutions, each containing 13*576 g. of mercuric 
chloride per litre in 10A T -hydrochloric acid, were found after 10 days’ 
contact with mercury electrodes to contain 5*648 and 6*558 g. of 
mercuric chloride per litre, respectively. In more dilute solutions, 
the reduction is even slower; for instance, a solution of 0-05.M- 
mercuric chloride in 7 *6A"-hydro chloric acid contained 12*90 and 
12*32 g. of mercuric chloride per litre after 5 and 7 days’ contact with 
mercury, respectively. 

It is thus possible to have a considerable quantity of mercuric 
chloride in contact with mercury and calomel for a long time before 
equilibrium is reached, and it should therefore be possible to 
determine the effect of mercuric chloride on the electrode potential 
2Hg-Hg 2 '\ 

Cells were constructed containing 0-05if-mercuric chloride, in 
varying concentrations of hydrochloric acid saturated with calomel* 
in contact with mercury. In Table II E c r is the EM.F. of the cell 


Table II. 


[HCl]. 

El. 

E e . 

[HCl]. 

E.\ 

E ( . 

10*09 

-0*2551 

-0*2595 

0*160 

-f0*0687 

4-0*0507; 

7-60 

-0*2070 

-0*2121 

0*0137 

4-0*1625 

4-0*1514 

5*37 

-0*1565 

-0*1635 

0*0027 

4-0*2292 

4-0*2121 

2*29 

-0*0676 

-0*0823 



containing 0*051f-mercuric chloride, and E c that of the cell free from 
mercuric chloride. Both potentials represent that of the whole cell, 
including that of the normal calomel electrode. It will be seen that 
the effect of 0*05Jf-mercuric chloride on the EM.F. is always small 
and is least in the higher concentrations of acid. The effect of 
mercuric chloride is to decrease the chlorine-ion concentration owing 
to the formation of complex ions, and from equation (2) it may be: 
seen that this results in an increase in the EM.F. 

Potentials registered at an Inert Electrode .—Richards and Archibald 
(Z. physikal. Chem ., 1902, 40, 385) have shown that a definite 
equilibrium exists between the components of the system 
Hg-Hg 2 GVHgCl 2 , 

provided that the three are present together; the active masses of 
the first two are definite but beyond analytical detection, whilst the 
concentration of mercuric chloride in contact with mercury and 
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calomel has been determined and found to be dependent on the acid 
concentration. If, therefore, pure mercurous chloride is brought 
Into contact with hydrochloric acid solution, it will not be in a state 
of equilibrium, but will tend to decompose with separation of 
metallic mercury and mercuric chloride, the process going on until 
the equilibrium concentration of mercuric chloride is reached. At 
this point, as the three components are in equilibrium, the three 
potentials ifeg s "-2Hg, and j&Hg-Hg- will be equal, hence 

the electrode potential between a mercury electrode and the 
mercurous ions measured in the above series should be equal to the 
oxidation potential between mercurous and mercuric ions measured 
at an inert platinum electrode. Measurements of this nature have 
been carried out. By the use of hydrochloric acid solutions of 
4*6iV, 7-2A 7 , and lOOA 7 , it was found that the potentials at a 
platinum electrode in a solution saturated with calomel and con¬ 
taining concentrations of mercuric chloride less than the equilibrium 
concentration were identical with the electrode potentials registered 
above. Moreover, the mercuric chloride concentration increased 
until it reached the equilibrium concentration. If, however, the 
initial mercuric chloride concentration was greater than this, then 
no further increase occurred, and, moreover, the potential registered 
—presumably the oxidation potential—was greater than the 
corresponding electrode potential. Since the oxidation potential is 
proportional to log [HgCy, any further increase in the mercuric 
chloride concentration beyond the equilibrium point will result in a 
continuous increase in the potential. Thus it was found (compare 
Fig. 1, following paper) that if the potential were plotted against 
log [HgCy , the curve obtained was a straight line parallel to the 
log [HgCy axis for low values of [HgCy , but it exhibited a definite 
break at the [HgCy value corresponding to the equilibrium point, 
and then rose sharply. 

Table IH gives a comparison between the values of the equilibrium 
concentrations of mercuric chloride which we observed (C., L., and R.) 
and the values found by Richards and Archibald (R. and A.). 

Table III. 


;HO] .. 4*60 5*48 7*20 7*30 10-0AT 

[HgCIJ (K. and A.) . — 0-0020 — 0*0025 0*0025 M 


[HgCy (C., L., and R.). 0*0021 — 0-0021 — 0-0019M 

Thus for [HgCy values less than the equilibrium concentration 
the oxidation potential is less than the electrode potential and the 
latter is registered both at a mercury electrode and at an inert 
electrode. At the equilibrium point, they are equal to one another, 
and for higher concentrations of mercuric chloride the eleetrode 
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potential is registered at a mercury electrode and the higher 
oxidation potential at an inert platinum electrode. 

In lower acid concentrations (0*01#—2-7#), this agreement could 
not be obtained. Richards and Archibald found that the equilibrium 
concentration of mercuric chloride in 1*0#- and 2*7#-hydrochloric 
acid was 0*00017Jf and 0*00076AT, respectively. Cells constructed 
containing these concentrations of mercuric chloride were found 
to yield potentials against platinum electrodes which were, 
respectively, higher than the corresponding electrode potentials by 
0*071 and 0*023 volt. It is probable, therefore, that in solutions 
which are dilute with respect to both the acid and the mercuric 
chloride the potential registered at the platinum electrode does not 
represent the true reversible oxidation potential. It was found 
that the same potential was registered whether the electrodes were 
platinised or not. Moreover, the presence of a single platinum 
electrode did not alter the equilibrium concentration of mercuric 
chloride which at 18° in ^-hydrochloric acid was at 0*00022Jf- 
mereuric chloride. If, however, several electrodes {e.g. } four) were 
placed in the mixture of solution and calomel, an increase in the 
mercuric chloride concentration to 0*00050if occurred, together with 
the corresponding increase in potential. These phenomena are 
somewhat obscure and render the measurement of oxidation 
potentials in very dilute mercuric chloride and hydrochloric acid 
solutions somewhat uncertain and diffi cult to interpret. 

Summary. 

The effect of hydrochloric acid on the electrode potential between 
mercury and mercurous chloride in hydrochloric acid solution has 
been investigated over a range of acid concentration from 0*0027# 
to 10*0#. 

Under the conditions of these experiments, the potential Hg-Hg" 
was inaccessible, and the effect of mercuric chloride on the above 
electrode potential was small. 

The equilibrium of the system Hg-Hg 2 d 2 -HgCl 2 has been 
studied in relation to the work of Richards and Archibald, and the 
potentials registered by this system of platinum electrodes have 
been described. 

The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research for 
grants to two of them (F. M. L. and R. A. R.) which have enabled this 
research to be carried out. 

UjStv ersity or Birmingham, 

Edgbaston. {Received, April 2nd, 1927-] v 
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CCXLVIL —The Oxidation-Reduction Potentials of 
Mercurous and Mercuric Chlorides in Hydro¬ 
chloric Acid Solution . 

By Sydney Baymonb Carteb and Bobert Anthony Robinson. 

Little attention has hitherto been devoted to the oxidation- 
rednction potentials of the chlorides of mercury. Although Drueker 
(Z. physihal . Chem., 1901, 36, 195; Z. EleJctrochem., 1912, 18, 236) 
and Baur {Z. physikaL Chem ., 1908, 63, 687) have made a few 
measurements in potassium chloride solution, a further investigation 
of the potentials in hydrochloric acid solution is desirable in view of 
the complicated behaviour of mercutfy halides in the presence of 
halogen acids, and also of the recent investigations of Stewart and 
Wardlaw (J., 1922, 121, 1481) on the action of sulphur dioxide on 
these two chlorides which can be correlated with the electro¬ 
chemical properties of these systems. 

Experimental. 

Preliminary experiments indicated that it would be a matter of 
considerable difficulty to obtain steady reproducible potentials 
corresponding with the oxidation process Hg 2 '“—-^2Hg*\ In the 
first place, it was found that a 0* Ilf-solution of mercuric chloride 
saturated with calomel and containing no acid had so low a con¬ 
ductivity that potential measurements were impossible. Secondly, 
in solutions of 0*liV-hydrochloric acid saturated with calomel and 
containing mercuric chloride, it was found that no agreement could 
be obtained between the potentials registered at platinised platinum 
electrodes; moreover, the potential varied widely with time, in a 
similar solution containing 0*0005Jf-mercuric chloride, a large fall in 
potential was observed over several days, but after this a reading 
was obtained which was fairly constant and almost equal to the 
electrode potential of mercury and calomel in 0 * 1 A 7 -hydrochloric 
acid. Since the electrodes had become covered with a grey deposit 
of mercury, it was concluded that an electrode and not an oxidation 
potential was being measured. 

A number of similar experiments were performed with the same 
result. Shaking the calomel with the solution of hydrochloric acid 
and mercuric chloride for 12 hours did not give a more constant 
potential reading. It was noticed, however, that if the electrodes 
were completely buried to a considerable depth in a paste of calomel 
instead of being suspended in the solution, and if the dissolved air 
in the solution were removed by means of a current of purified 
nitrogen, it was possible to obtain potentials which gave good 
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agreement between different electrodes over considerable periods of 
time and were reproducible. Moreover, they were distinct from 
the electrode potentials described in the preceding paper. The 
necessity for the complete immersion of the electrodes is probably 
due to the low concentration of mercurous ions, the passage of a 
very small current in the course of potential measurements being 
sufficient to exhaust the supply of mercurous ions in the vicinity of 
the electrode if this is simply suspended in the solution. Complete 
immersion of the electrode in the paste ensures full saturation in its 
vicinity. 

Cells of the following type were constructed : 


Pt 

Hg 2 Cl 2 

aslf-HgCL 

yN-RGl 

iV-HCl 

A’-KCl 


yjV-HCl 




ff-KCI,Hg 2 Cl 2 


Hg. 


The chain of intermediate solutions has been shown to be sufficient 
to maintain constant reproducible diffusion junctions (Carter and 
Lea, J., 1925, 127, 487; Carter, Lea, and Robinson, preceding 
paper), and possesses the advantage that the potential at each 
junction can be determined with the necessary degree of accuracy. 
The system differs from the previously investigated systems of iron 
and copper salts (Carter and Clews, J., 1924,125,1880; Carter and 
Lea, J., 1925, 127, 499) in that only the mercuric chloride and the 
hydrochloric acid concentrations in the oxidation cell can be 
subjected to variation, since the calomel cannot be varied in con¬ 
centration owing to its low solubility. It is essential, however, to 
maintain the solution saturated with respect to the calomel in order 
to obtain a defined system. 

The oxidation cell consisted of a glass vessel containing a solution 
of mercuric chloride and hydrochloric acid in the requisite pro¬ 
portion and saturated with respect to calomel. Experiments 
showed that platinisation of the electrodes did not increase their 
sensitivity, nor was the shape or form of the electrodes a factor 
influencing the potential readings. Three electrodes of polished 
platinum foil (about 1 sq. cm. in area) were actually employed. 

Measurements of each of the cells were carried out, in general, 
over a period of a week, a lapse of 12—24 hours after construction 
being necessary before a constant potential was registered. 
Renewal of the liquid boundaries during this period showed that no 
appreciable change had occurred in the diffusion potentials. All 
potentials are referred to the absolute scale. A positive sign 
indicates that the current flows through the cell from the calomel 
electrode to the oxidation element. All measurements were made 
at 18°. Concentrations of mercuric chloride are given arS g.-moIs. 
per litre. 
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Potential Measurements .—If E is the potential of the oxidation 
element, tz the diffusion potential between xN- and ^-hydrochloric 
acid (Carter and Lea, loc. cit.) } 0*0288 volt the diffusion potential 
between ^-hydrochloric acid and ^-potassium chloride (calculated 
on the basis of Henderson's formula, Z. physikal . Chem 1907, 59, 
118), and E c the potential of the whole cell, then: 

E = E c ?! + 0*0288 0*560 volt. 

The values for one experiment given in Table I are typical of the 
degree of accuracy attained. 


Table I. 


Cell made up as : [HC1] = 1-00#, [HgCl 2 ] = 0-75 M. 

Final composition by analysis : [HC1] — 0-962V 7 , [HgCl 2 ] = 0-735M. 


Time (days). 

0 . 

1 . 

2. 

3. 

4. 

Electrode No. 1 ... 

... (0*2654) 

0*3026 

0*2974 

0*3012 

0*2988 

99 99 ^ ... 

... (0*2644) 

0*3026 

0*2966 

0*3006 

0*2988 

99 99 ^ ... 

... (0*2634) 

0*3026 

0*2970 

0*3012 

0*2988 


Average potential (neglecting readings on first day) = 0*3000 volt* 
Average error = ±0*0017 volt. 


5. 

0*3006 

0*3006 

0*3006 


In Table II are given the potentials of a number of cells, showing 
the effect of varying the mercuric chloride concentration in solutions 
of hydrochloric acid of the following concentrations : 0*01, 0*1, 0*5, 
1*0, 2*7, 4*6, 7*2, and 10-0N. 


Table II. 


[HQ] = 0-01N. 


Cell No. 

[HC1]. 

[Hgcy. 

E t . 

77 . 

E. 

I 

0*0100 

0*00013 

0*2810 

—0*0740 

0*7958 

2 

0-0100 

0*00119 

0*3258 

-0*0740 

0*8406 

3 

0*0100 

0*0154 

0*3868 

-0*0740 

0*9016 

4 

0*0104 

0*100 

0*4671 

-0*0734 

0-9825 

5 

0*0100 

0*150 

0*4897 

-0*0740 

1*0045 



[HC1] = 

0-10N. 



6 

0*0995 

0*000256 

0*1972 

-0*0370 

0*7490 

7 

0*100 

0*0018 

0*2385 

-0*0370 

0*7903 

8 

0*099 

0*0103 

0*2719 

-0*0370 

0*8237 

9 

0*106 

0*0199 

0*2912 

-0*0360 

0*8440 

10 

0*100 

0*100 

0*3603 

-0*0370 

0*9121 

a 

0*096 

0*134 

0*3735 

-0*0375 

0*9248 

12 

0-100 

0*213 

0*4082 

-0*0370 

0*9600 



[HC1] . 

- 0*5N. 



13 

0*509 

0*00057 

0*1119 

-0*0106 

0*6901 

14 

0*508 

0*00193 

0*1347 

-0*0106 

0*7129 

15 

0*507 

0*020 

0*1842 

-0*0106 

0*7624 

16 

0*500 

0*196 

0*2750 

-0*0106 

0*8532 

17 

0*500 

0*470 

0*3329 

-0*0106 

0*9111 
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Table II ( contd .). 


[HCl] = 1-OAT. 


Cell No. 

[HCl]. 

[Hgcy. 

E e . 

7T. 

E. 

18 

1-005 

0-00053 

0-0272 

0 

0-6160 

19* 

1-000 

0-00099 

0-0433 

0 

0-6321 

20 

1-050 

0-00198 

0-0564 

+ 0-0008 

0-6460 

21 

0-964 

0*0196 

0-1051 

—0-0007 

0-6932 

22 

0-960 

0-0208 

0-1080 

-0*0008 

0-6960 

23 

0-980 

0-072 

0-1543 

-0-0004 

0-7427 

24 

0*995 

0-096 

0-1616 

0 

0-7504 

25 

0*991 

0-169 

0-1911 

0 

0-7799 

26 

0-960 

0-735 

0*3000 

-0-0008 

0-8880 

27 

0-920 

0-985 

0-3207 

-0-0014 

0-9081 

28 

1-000 

1-010 

0-3292 

0 

0-9180 


* Cell No. 19 contained four electrodes, two of polished platinum foil and 
two of platinised platinum foil. They all gave identical results. 




[HCl] 

= 2-7N. 



29 

2-73 

0-0004 

-0-0885 

0-0257 

0-5260 

30 

2-74 

0-0024 

-0-0526 

0-0258 

0-5620 

31 

2-74 

0-0052 

-0-0330 

0-0258 

0-5816 

32 

2-72 

0-020 

-0-0032 

0-0256 

0-6112 

33 

2-72 

0-051 

+0-0253 

0-0256 

0-6397 

34 

2-72 

0-100 

+0-0409 

0-0256 

0-6553 

35 

2-70 

0-407 

+0-1043 

0-0250 

0-7181 

36 

2-61 

0-910 

+ 0-1641 

0-0240 

0-7769 

37 

2*72 

2-260 

+0-2376 

0*0256 

0-8520 



[HCl] 

= 4-6N. 



38 

4-68 

0-0026 

-0-1422 

0-0469 

0-4935 

39 

4-66 

0-0032 

-0-1355 

0-0468 

0-5001 

40 

4-67 

0-021 

-0-0825 

0-0467 

0*5530 

41 

4-62 

0-024 

-0-0791 

0-0465 

0-5562 

42 

4-53 

0-192 

-0-0160 

0-0457 

0-6185 

43 

4-63 

0-529 

+0-0238 

0-0466 

0-6592 

44 

4-44 

0-966 

+0-0480 

0-0450 

0-6818 

45 

4-60 

1-033 

+ 0-0543 

0-0463 

0-6894 

46 

4-60 

3-80 

+0-1494 

0-0463 

0*7845 



[HCl] 

= 7-2N. 



47 

7*40 

0-0028 

-0-1994 

0-0667 

0*4561 

48 

7-30 

0-0108 

-0-1674 

0-0680 

0-4894 

49 

7-18 

0-0961 

-0-1082 

0-0673 

0-5479 

50 

7-40 

0-977 

-0-0322 

0-0685 

0-6251 

51 

7-20 

3-80 

+0-0318 

0-0674 

0-6880 



[HCl] 

= 10-0A 7 *. 



52 

10*05 

0-0039 

-0-2374 

0*0808 

0-4322 

53 

10-19 

0-0117 

-0-2104 

0*0815 

0-4599 

54 

10-19 

0-0986 

-0-1518 

0-0815 

0-5185 

55 

10*05 

0-937 

-0-0836 

0*0808 

0-5860 

56 

10-00 

3-80 

-0-0314 

0*0806 

0-6380 


Variation of Potential with Concerdration of Mercuric Chloride.—In 
Fig. 1 the potential of the oxidation element is plotted against the 
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logarithm of the mercuric chloride concentration, for each acid 
concentration. According to the equation : 

E = E 0 + 0-029 log [HgT/[Hg 2 -] . . . d) 

since [Hg~] = ^ 2 [HgCl 2 ]/[Cr] 2 .(2) 

and [Hg 3 -] = kJlOYf .(3) 

therefore E = E 0 + 0*029 log /- 2 2 [HgCl 2 ] 2 /Z; 1 [Cr] 2 . . (4) 


Pig. I. 



It follows that for a given acid concentration, the mercurous-ion 
concentration is constant, whilst the mercuric-ion concentration will 
be proportional to [HgCl 2 ] since the feeble ionisation of mercuric 
chloride renders its contribution to the chlorine-ion concentration 
negligible. 

Hence E = E 0 * + 0*058 log [HgCLj] .... (5) 

or the E.M.F. is a linear function of the logarithm of the mercuric 
chloride concentration. 
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Prom the graph, it will be seen that the logarithmic law holds in 
the more dilute solutions of mercuric chloride, but breaks down 
when the concentrations of mercuric chloride and hydrochloric acid 
are of the same order. It is noteworthy that in place of the 
theoretical slope of 0*058 volt for a ten-fold dilution, we obtained 
slopes of 0*060 volt in the 4*6$"-, 7*227-, and 10 *0 A-hydrochloric acid 
solutions, and of 0*047 volt in the lower acid concentrations. The 
discrepancy in the former case is not serious, but in the latter case 
is beyond the range of experimental error, and up to the present we 
have not been able to account for it. 

To explain the deviations from the logarithmic law in the more 
concentrated mercuric chloride solutions, complex-ion formation 
may be assumed. Complex-ion formation between calomel and 
hydrochloric acid is unlikely, as calomel is known to form only a few 
double salts. Sherrill (Z. physilcal. Chem., 1903, 43, 705; 1904, 47, 
103) and Noyes and Le Blanc (Z . physilcal. Chem., 1890, 6, 389) have 
brought forward evidence in favour of the existence of the ion 
HgCl 4 ", whilst Sand and Breest (Z. physilcal. Chem., 1907, 59, 424) 
and Drucker (Z. Elektrochem., 1912,18, 236) consider that the ion 
has the formula HgCl 3 \ As the percentage of mercuric chloride in 
the form of complex ions is high, it may be seen from the equations 
HgCLj + 2C1' = HgCl 4 " and HgCl 2 + Cl' = HgCl 3 ' that when the 
mercuric chloride is present in the same concentration as the acid, 
a considerable decrease in the acid concentration must occur in order 
to allow the formation of these complex ions, and hence, according 
to equation (4), the potential of the cell will be increased. Quanti¬ 
tatively the behaviour of the system is given by equation (4) and an 
equation determining the equilibrium of the complex ion. According 
to Sherrill, 

[H g a 4 "]/[HgCl2][a'] 2 = 70 .... (6) 

whilst according to Sand and Breest (if the value of the constant as 
recalculated by Drucker be used), 

[Hgcyi/tHgcytcr] = 11*5 .... (7) 

These two views have been reconciled by Linhart (J. Amer. Chem . 
Soc. 3 1915,37,258; 1916, 38,1272) who considers that both the ions 
HgCl s ' and HgCl 4 " are present in solution [together with small 
quantities of polymerised mercuric chloride, (HgCl 2 ) 2 , and the 
complex ions Hg 2 Cl 5 and Hg 2 Cl 6 "], the equilibrium conditions being 
given by ohe equations : 

[HgCy]/[Hga 2 ][Cl']== 9-8 . . . . (8) 

[HgCl 4 "]/[HgCy][Cl'] =4*9 . . . . (9) 

and therefore [HgCl 4 "]/[HgCy[Cl'] 2 = 48 . . . . (ip)-,| 
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From equation (9) it follows that in ^-hydrochloric acid solution the 
complex ion HgCl 4 ' 1 is predominant, but in 0*01 A r -acid solution the 
HgCy ion is the main constituent, whilst in 0 m lN- and O-o^-acid 
both ions are present in comparable amounts. We may therefore, 
as an approximation, apply equation (10) to solutions of mercuric 
chloride in ^-hydrochloric acid. It is difficult to solve this equation 
to give the amounts of free unbound mercuric chloride in equilibrium 
with free acid and complex ion, but it is easy to proceed in the 
reverse manner. Thus, for any given total acid concentration 
[HC1], if an arbitrary value of the concentration of complex ion 
[HgCl 4 "] be assumed, it follows that the concentration of the free 
acid is {[HClj-SfHgCV']}, and hence the concentration of chlorine 
ion is {[HCl]-2[HgCl 4 ,, ]}y, where y is the activity coefficient corre¬ 
sponding with the concentration of the free hydrochloric acid. 
Hence by substitution in equation (6) we can determine the con¬ 
centration of free mercuric chloride. The sum of free and combined 
mercuric chloride gives the total concentration oimercuric chloride, 
since that of the Hg** and HgCT ions is negligible. The con¬ 
centrations of free mercuric chloride and of chlorine ions may now 
be substituted in equation (4), together with the values of the 
constants E — 1-190 volt, k x = 3-5 X 10“ 18 , and k 2 — 10~ 14 , to give 
a calculated value of the E.M.F. corresponding with given values of 
[HC1] and total mercuric chloride. 

Hence we obtain Table HI, which gives the calculated values of the 
potential corresponding to different total concentrations of mercuric 
chloride in W-hydrochloric acid on the assumption that HgCl 4 " ions 
are formed. 

Table HI. 

[HCl] = 1-0JV. 


Free 

[HgCI,"]. [HCl]. 

y* 

[Cl']. 

Free 

[Hgcy. 

Total 

[HgCiJ. 

B 

(calc.). 

B 

(obs.). 

0*40 

0*2 

0*783 

0* 157 

0*338 

0*738 

0*903 

0*883 

0*30 

0*4 

0*763 

0*305 

0*0672 

0*367 

0*846 

0*825 

0*10 

0*8 

0*796 

0*637 

0*00513 

0*105 

0*763 

0*752 

0-05 

0*9 

0*811 

0*730 

0*00195 

0*0520 

.0*735 

0*722 

0*01 

0*98 

0-821 

0*805 

0*000322 

0*0103 

0*687 

0*680 


It will be seen that the considerable deviations from the logari thm ic 
law that occur in concentrated solutions of mercuric chloride can 
be accounted for by assuming the existence of the ion HgCl 4 ". If it 
is borne in mind that the values of k x and k 2 given above are strictly 
applicable only at 25° and not at 18°, that there are polymerised 
molecules (HgCy 2 , which give rise to Hg 2 CI 5 ' and Hg 2 Cl 6 "ions, also 
present in solution, and moreover, that the formation of the complex 
ion Hgd 4 " causes a considerable reduction in the chlorine-ion 
concentration in the more concentrated mercuric chloride solutions, 
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which in turn favours the formation of HgCI 3 ' ions, it mil be seen 
that the method can only be expected to yield an approximation to 
the observed values of the potentials. However, the agreement is 
sufficient to show that the observed potentials can be accounted for 
on the basis of complex-ion formation. 

Since in 0*LV- and 0*5V-hychochloric acid both HgCl 3 ' and 
HgCl 4 " ions are present to about the same extent, it is difficult to 
calculate the distribution of mercuric chloride between the various 
complex ions and to obtain calculated values of the potentials in these 
dilute acid solutions. 

In the case of the three highest concentrations of acid, the portions 
of the curves parallel to the log [HgCl 2 ] axis represent the potentials 
registered in solutions in which the mercuric chloride concentration 
is not high enough for equilibrium between Hg-Hg 2 Cl 2 -HgC3 2 to 
obtain. Under these conditions it was found that an oxidation 
potential was not registered, since it was independent of the mercuric 
chloride concentration, but a potential identical with the electrode 
potential of mercury and calomel described in the previous paper, 
and the data for the latter were used for plotting the horizontal 
portions of the curves. Such systems were found to be unstable 
since mercurous chloride decomposed into mercury and mercuric 
chloride until the concentration of the latter corresponded with the 
equilibrium value for the acid concentration under consideration. 

Variation of Potential with Acid Concentration .—By drawing a line 
perpendicular to the abscissa and cutting it at the desired value of 
the mercuric chloride concentrations, we have read off from the 
curves in Fig. 1 the values of the potential of a cell in which the 
mercuric chloride concentration is constant and the hydrochloric 
acid concentration is varied between O-OliV and 10A r . This has 
been done for five values of the former, namely, 1*0,0*1,0*01, 0*001, 
and 0-0001 N. The results are in Table IV. 

Table IV. 


[HgCl 2 ], M. 


[HC1]. 

0-0001 

0*001 

0*01 0-1 
Potential (volt). 

1*0 

4*0. 

0*01 

0-7910 

0*8375 

0*8885 

0*9820 

— 

— 

0-10 

0-7295 

0*7775 

0-8260 

0*9130 

— 

— 

0-5 

0-6530 

0*7005 

0-7475 

0-8155 

— 

— 

1-0 

0-5840 

0*6325 

0*6795 

0-7500 

0*9110 

— 

2*7 

0-4960 

0*5455 

0*5960 

0*6550 

0-7850 

—. 

4-6 

— 

— 

0*5305 

0-5945 

0*6860 

0*7960 

7-2 

— 

— 

0*4890 

0*5500 . 

0-6240 

0-6925 

10-0 

— 

— 

0*4560 

0-5180 

0*5875 

0*6400 


These results have been plotted in Fig. 2, which shows the relation 
between potential and hydrochloric acid concentration. This graph. 
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also contains the cxirve of the electrode potential 2Hg-Hg 2 “ against 
acid concentration, based upon data given in the preceding paper. 

On the assumption that the ions HgCl 3 ' and HgCl 4 " are formed 
according to equations (8) and (10), and since 

[HgCV'] + [H g ci 3 '] + [Hgcy = [Hgcytotai 
then [HgCy total = [HgOlg] {1 + 9-8[Cl'] + 48[C1'T} 

or [HgCy - [EgClgJtotai/{1 + 9*8[CT] + 48[Crp}. ‘ 


El G. 2. 



Hence from equation (4) 

E = E 0 + 0-029 log + 0058 log [HgC] 2 ] total / 

[CI'Ml + 9*8[CT] + 48[CT] 2 } 
or ^+ 0-029 log V/^i +0-058 log [Hg^^tai- 

0-058 log [C1']{1 + 9-8[Cl'] + 48[C1'] 2 }. 

In 0*01if-mercuric chloride, as the concentration of this salt is so 
low that the formation of these complex ions does not affect the 
concentration of acid appreciably, then for a constant value of 
[HgClojtotai values of E corresponding to different concentrations 
of hydrochloric acid may be calculated. 

In Fig. 2, the dotted curve indicates the potentials calculated in 
this manner, compared with the observed potentials, which are 
indicated by a continuous line. It is evident that good agreement 
has been obtained for concentrations of hydrochloric acid between 
Q*Q1N and 1 ; for higher concentrations, however, the calculated 
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potentials decrease much more rapidly than the observed. It is 
difficult to account for this behaviour, partly because the activities 
of the different complex ions may vary in an unknown manner in 
concentrated acid solution, partly because the actual nature of these 
ions is unknown, and partly because the complex acids may not be 
completely dissociated. It may be pointed out, however, that in 
the most concentrated acid solutions the oxidation potential varies 
in the same way as the Hg|Hg 2 Cl 2 ,£^-HCl potential, i.e., it is 
proportional to — 0*058 log [Cl'], the chlorine-ion concentration 
being calculated on the basis of activity data. This indicates that 
the system is behaving as if complex-ion formation ceased in the high 
acid concentrations and as if it conformed to its normal behaviour 
according to equation (4). Although there is no theoretical reason 
for this supposition, it is interesting to notice that Richards and 
Archibald (Z. physical. Chem 1902, 40, 385; compare preceding 
paper) found that the amount of mercuric chloride in equilibrium 
with mercury and calomel was independent of the acid concentration 
provided this was above oN. As almost all the mercuric chloride is 
present as complex ion, this is equivalent to saying that above 
oN -hydrochloric acid complex-ion formation is not increased by 
increasing the acid concentration. 

The Action of Sulphur Dioxide on the Chlorides of Mercury .—In 
Rig. 2, we have indicated the variation of the oxidation-reduction 
potential of sulphur dioxide by the curve LM (Carter and James, 
J., 1924,125, 2234). Stewart and Wardlaw (loc. ciL) have studied 
the action of sulphur dioxide on the two chlorides of mercury, and 
in considering their results we have been guided by the principle 
that the system possessing the higher potential will oxidise the 
other system, being itself reduced. 

The various reactions between mercury salts, hydrochloric acid, 
and sulphur dioxide were found to be extremely sensitive to small 
changes in acid concentration, and this is in agreement with the 
steepness of the potential curves, particularly in the region of low 
acid concentration. 

(a) Action of sulphur dioxide on calomel. At 95°, Stewart and 
Wardlaw found that sulphur dioxide acted on calomel suspended in 
hydrochloric acid, in four ways, depending on the concentration of 
acid: 

(1) SN- to 2A-acid. Oxidation of calomel to mercuric chloride 
occurs* being complete only in the most concentrated acid and 
slight in 2A r -acid. 

(2) 2 N- to 0*16A-acid. Decomposition of calomel and darkening 
of the solution, according to the equation: Hg 2 Cl 2 —+ HgC3 2 . 
We have confirmed the fact that this reaction is independent of the 
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sulphur dioxide; moreover, it ceases at approximately 0*16jftT-acid, 
because calomel could be boiled for several hours in 0*10J\ 7 -acid 
without the slightest darkening. 

(3) 0*161^- to 0*07JV-acid. Inert region—calomel unaffected. 

(4) 0*02A 7 - to zero acid. Calomel is reduced to mercury by sulphur 
dioxide. 

According to our graph, for acid concentrations between zero and 
0*2 N, the sulphur dioxide potential is lower than the Hg-Hg 2 Cl 2 
potential and hence reduction of the calomel is to be expected 
corresponding to (4). 

Between 0*2J\ T - and A 7 -hydrochloric acid, it is to be expected that 
the oxidising action of sulphur dioxide on calomel will be slight, 
because the amount of mercuric chloride that must be formed to 
raise the oxidation potential as high as the sulphur dioxide potential 
is very small. Observation in this region is hindered by the fact that 
simultaneous decomposition of the calomel occurs into mercury and 
mercuric chloride. Above 2A T -acid the oxidation of calomel becomes 
considerable and, according to our graph, should proceed almost to 
completion. It seems probable that equilibrium was not attained 
in ail the experiments of Stewart and Wardlaw. 

The point A on Fig. 2 represents the point on the Hg-Hg 2 Ci 2 
electrode potential curve (at 0-02JV-HC1) where it intersects the 
sulphur dioxide curve. 

(b) Action of sulphur dioxide on mercuric chloride . Stewart and 
Wardlaw found that if sulphur dioxide was passed for 12 hours 
through a solution of mercuric chloride in 0-hydrochloric acid 
at 95°, calomel was formed, the amount decreasing with lowering of 
the mercuric chloride concentration, so that when [HgCl 2 ] = 
0‘0094-M the amount of calomel formed by reduction was very 
small. It therefore follows that the oxidation potential of sulphur 
dioxide in acid of this concentration is less than the oxidation of the 
mercury system when [HgCy is greater than 0*0094¥, and greater 
than the oxidation potential when [HgCy is less than 0*0094 M. 
This gives the point B in Fig. 2. 

In 2*64iV-hydrochloric acid, Stewart and Wardlaw found that 
mercuric chloride was not reduced until its concentration reached 
1-92if. This gives the point C. In l-OA-acid, the extent of 
reduction was very small when [HgCy = 0*1 M. This is the 
point D. 

It will be seen that the line AC drawn through these four points 
gives a curve for the oxidation potential of sulphur dioxide which is 
similar in form to the curve LM based on direct potential measure¬ 
ments, but it is displaced upwards by about 0*2 volt. The dis¬ 
crepancy may be partly attributed to the different temperatures at 
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which our experiments and those of Stewart and Wardlaw were 
carried out, viz., 18° and 95°, respectively. 

Summary. 

The conditions necessary for obtaining reproducible oxidation 
potentials of mercurous and mercuric chlorides in hydrochloric acid 
solution at 18° have been examined. The influence on potential of 
various concentrations of both the mercuric chloride and the hydro¬ 
chloric acid has been determined over a wide range. 

The departures from the logarithmic law that have been observed 
have been attributed to a large extent to the formation of complex 
ions. 

Evidence has been adduced in favour of the existence of complex 
ions, especially HgCl 4 ", in hydrochloric acid solutions of mercuric 
chloride. 

The abnormal effect of hydrochloric acid stronger than 5N on the 
complex-ion formation, noticed by Richards and Archibald, has been 
confirmed. 

The reactions of sulphur dioxide on the chlorides of mercury have 
been studied in the light of the electrochemistry of these systems. 

The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for a grant 
to one of them (R. A. R.) which has enabled this research to be carried 
out. 
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CCXLVIIL —The Decomposition of Nitrous Acid in 
Aqueous Solution . 

By Thomas Weston Johns Taylor, Ernest William Wignall, 
and John Frederick Cowley. 

The decomposition of nitrous acid in aqueous solution is a complex 
phenomenon. The more important facts already known can be 
summarised as follows: (1) In contact with air, there is a certain 
amount of oxidation; if an inert gas replaces air, the reaction 
3HN0 2 —> HNO s + 2NO + H 2 0 takes place (Montemartini, Atti 
jR. Accad. Lincei, Rendiconti, 1890, 6, ii, 263). (2) The rate of 
decomposition follows approximately a unimoleeular law, in contact 
either with air (Ray, Dey, and Ghosh, J., 1917, 111, 413} or with 
carbon dioxide (Montemartini, loc. cit.). (3) The rate is reduced 
hy adding nitric oxide to the gas above the solution, and is slower 
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the greater the pressure of nitric oxide (Montemartini, loc. tit.; 
Klemenc and Poliak, Z. physical. Chem ., 1922,101, 150). (4) The 
rate is much increased by bubbling an inert gas through the solution 
(Knox and Reid, J. Soc. Chem. Ind. f 1919, 38, 105t) and apparently 
reaches no limit as the speed of bubbling is increased (Klemenc and 
Poliak, be. cit). (5) The reaction is reversible (Veley, Chem. News, 
1892, 66, 175), but the reverse reaction proceeds extremely slowly 
with dilute solutions of nitric acid (Saposhnikov, J. Russ . Phys. 
Chem. Soc., 1900,32, 375; 1901,33,306), 

In an attempt to find conditions under which solutions of nitrous 
acid would be sufficiently stable for investigation of its reactions, 
the effect of reducing the area of surface of the solution in contact 
with the gas phase was tried. This can be done most simply by 
floating a layer of an immiscible liquid on the top of the solution; 
most liquids which might be used, however, such as benzene or lig- 
roin, dissolve nitrogen trioxide from fairly strong solutions of nitrous 
acid, but the solubility of the trioxide is smaller in the mixture of 
higher paraffins sold as “medicinal paraffin,” and this liquid has 
the added advantage that its high viscosity makes it possible to 
stir the lower aqueous layer without breaking up the paraffin layer. 

Dilute solutions of nitrous acid prepared beneath a layer oi this 
paraffin from a solution of pure barium nitrite (Witt and Ludwig, 
Rer., 1903, 36, 4384) and the equivalent of dilute sulphuric acid, 
and thus containing barium sulphate in suspension, are considerably 
more stable than similar solutions under nitrogen and very much 
more stable than those in contact with air. Por example, equal 
volumes of a solution in identical vessels were kept at 25°, the one 
under paraffin and the other in contact with air; after 3 hours, the 
first showed 5% decomposition and the second 53%. Quite dilute 
solutions, i.e., 0-1 N and less, could be kept at 0° for 5 hours without 
the decomposition exceeding 4%, The solutions were stirred during 
these experiments by a small stirrer passing through the paraffin, 
but not at such a rate as to draw gas bubbles into the solution; the 
concentration of acid was determined by Yeley's method (Proc. 
Roy. Soc., 1893, A, 52,28). 

When stronger solutions were investigated under paraffin, it was 
found that critical concentrations existed above which the rate of 
decomposition was very rapid and below which it was much slower. 
The critical concentration depends on the temperature, being higher 
the lower the temperature, and on the pressure of air above the 
paraffin, increasing with the pressure. Pig. 1 shows the rate of 
decomposition in two solutions, originally of N concentration, at 25° 
and at 0°, and also the effect at 25° of reducing to 60 mm. the 
pressure above a 0*2Y-solution, i.e., one which at atmospheric 
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pressure would decompose but slowly. Ray, Dey, and Ghosh 
(loc. cit.) noted this critical phenomenon and could not obtain a 
solution stronger than 0-185JN 7 which did not evolve nitric oxide 
rapidly when at 0° and in contact with air. 



The velocity of the 4 4 slow 5> reaction at 25° was measured, and 
the results of any one- experiment roughly agreed with the uni- 
molecular law, although the velocity coefficient slowly decreased as 
the reaction proceeded; but the reaction is in no sense truly uni- 
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molecular—even well below the critical concentration the value of 
the velocity coefficient depends on the initial concentration and on 
the shape of the vessel in which the solution is kept, and thus has no 
absolute significance. 

The velocity of the reaction under paraffin is also influenced by 
the presence of other substances in the solution; in 5iV-sulphuric 
acid it is markedly smaller, and in 7JV-acid smaller still. This 
result disagrees with that found by Klemenc and Poliak, who used 
solutions through which nitrogen was bubbling, but agrees with 
that of Knox and Reid (loc. whose solutions were in contact 
with air. The velocity is also much reduced by the presence of 
sodium sulphate, which at 0*65J3f concentration has an effect equi¬ 
valent to 5A T -sulphuric acid. 

The presence of barium sulphate in suspension during these 
experiments had no appreciable influence on the stability of the acid, 
since similar experiments were carried out using nitrous acid pre¬ 
pared from pure sodium nitrite (Divers, J., 1899, 75, 80) and sul¬ 
phuric acid, and the rates of decomposition were those to be expected 
from the previous experiments, account being taken of the effect of 
the sodium sulphate. 

These results show that, by using paraffin and sodium sulphate, 
solutions of nitrous acid the strengths of which do not exceed 
certain maximum values (0-4JST at 0° and Q'2N at 25°, at atmospheric 
pressure) can be conveniently stabilised to a considerable extent. 
The complicated character of the decomposition has, however, not 
yet been satisfactorily explained. Klemenc and Poliak advance 
the improbable hypothesis that nitrous acid spontaneously breaks 
up into nitric oxide and the hydroxyl radical, and attribute its 
existence in solution to mutual action between molecules of the acid 
and of the solvent; they suggest that the rate of decomposition 
depends upon the rate of escape of nitric oxide from the solution. 
This, although accounting for the sensitiveness of a solution to its 
method of treatment, scarcely accounts for the sudden change in 
rate of decomposition shown in the figure. 

The fact that the reaction is reversible does not come into play, 
because of the extremely slow rate of the reverse reaction at the 
dilutions investigated [see (5), p. 1924]. The critical phenomenon 
and its dependence on temperature and pressure must arise from the 
existence of some kind of equilibrium in which one of the substances 
involved is a gas of limited solubility in water; this equilibrium 
must be established with great rapidity to account for the observ¬ 
ations of Klemenc and Poliak [(4), p. 1924]. 

The view advanced here is that in a solution of nitrous acid the 
equilibrium 2HN0 2 N 2 0 3 + H 2 0 is set up, and that the com- 
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plicated nature of the decomposition arises from the behaviour of 
the anhy dride; that this latter exists in solution is supported by the 
observations of Saposhnikov (be. tit.) on the ease with which organic 
solvents will dissolve it from solutions of the acid. It is not the 
anhydride itself whi ch escapes as gas from the solution, for, if this 
were so, the solution would contain eventually less nitric acid than 
the quantity corresponding to the equation of decomposition [(1), 
p. 1923], and experiment showed that in every case under paraffin 
the theoretical amount of nitric acid remained. If, however, the 
further equilibrium N 2 0 3 NO + N0 2 tends to be set up in 
solution, the facts receive an intelligible explanation. In a com¬ 
pletely stable solution, the concentration of water being assumed to 
be constant, the function [N0][N0 2 ]/[HN0 2 ] 2 would have a fixed 
value at any one temperature; but the concentration of nitric oxide 
cannot exceed a certain limit because of its slight solubility, and the 
limit will depend on the pressure. The existence of the ct rapid 55 
decomposition is accounted for. No completely stable solution, 
however, can exist, even in a sealed bulb where the pressure of nitric 
oxide can become high (Montemartini, he. tit.), since the nitrogen 
peroxide is continually hydrated and removed from the equilibrium. 
During the “ slow ” decomposition two factors come into play: the 
rate of escape of nitric oxide and the rate of hydration of the peroxide. 
The concentration of the latter is probably extremely small and thus 
the quantity hydrated in unit time is small, and consequently the 
second factor under normal conditions is of less importance. Any 
factor tending to facilitate the escape of the nitric oxide, such 
as increased area of contact with the gas phase, addition of sand or 
charcoal (Fremy, Comp, rend., 1870,70, 63), or reduction of pressure, 
will increase the rate of decomposition. The escape of a gas from 
solution has a rapid stage, followed by a slower stage (Perman, 
J., 1895, 67, 868; Bohr, Ann. Physik, 1899, 68, 507; Findlay 
and King, J., 1913,103,1170) which follows a logarithmic law, thus 
agreeing with the behaviour of nitrous acid. The effect of added 
substances in reducing the rate of decomposition can be compared 
with the result found by Bohr that carbon dioxide escapes less 
rapidly from a solution of sodium chloride than from pure water. 

Wort is in progress on various reactions of nitrous acid stabilised 
in the maimer described in this paper. 

Our thanks are due to Dr. W. H. Mills for his helpful criticism and 
to Messrs. Brunner Mond & Co., Ltd., for their generosity in 
making a grant which has covered part of the expenses of this work. 

The Dvson’Pebsins Labobatoby, 

Oxford. [Received, May 9th, 1927,] 
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CCXLIX .—The Action of the Metallic Derivatives of 
Ethyl Dehydroundecenoate upon Alkyl Halides . 

By Wttxtam Whahley Myddleton and Rudolph 6. 
Berchem. 

An attempt to synthesise A 10 -stearolie acid by acting upon the 
silver derivative of ethyl dehydroundecenoate with heptyl bromide 
in alcoholic solution resulted in the formation of silver bromide, 
ethyl heptyl ether, and free ethyl dehydroundecenoate. With the 
silver derivative in absence of alcohol, an excess of heptyl bromide 
gave silver bromide, heptene, and ethyl dehydroundecenoate. In 
each case, the yields of silver bromide and ethyl ester were practically 
quantitative. 

tt-Propyl, isobutyl and ethyl bromides and ethyl iodide were 
used in succession, and in each case quantitative yields of silver 
halide and ethyl dehydroundecenoate were obtained. Other 
products in these reactions were not investigated. The silver 
derivative obviously reacts with halogen acid derived from the 
alkyl halide. 

During the preparation of the silver derivative by the action of 
alcoholic silver nitrate upon the ester, we followed the reaction more 
closely than Krafft {Ber., 1896, 29, 2232) and found the yields of 
silver derivative and free nitric acid required for the equation: 

CH-CiCB^lg-COaEt + 2AgNO a = 

AgN0 s ,CAg;C-[CH 2 ] 8 -C0 2 Et + HNO a . 

We add to Krafft 5 s observations that the silver derivative is 
soluble in hot alcohol and is stable in bright sunlight. The presence 
of a little free dehydroundeeenoic acid in the ester results in the 
formation of a grey silver derivative which rapidly darkens in 
daylight. 

Sodium derivatives of acetylenic compounds are not so readily 
prepared as the silver derivatives, but by the action of finely pow¬ 
dered sodamide upon ethyl dehydroundecenoate in toluene we 
obtained the sodium derivative of dehydroundecenoamide. The 
action of this compound upon alkyl halides was similar to that of 
the silver derivative. 


.Experimental. 

Bromination of Undecenoic Acid .—Light petroleum (b. p. 60— 
80°) was treated with a slight excess of bromine, washed after 
some time with sodium bisulphite solution and with water, dried, 
and distilled. To a solution of 170 g. of undecenoic acid (m. p. 
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24*5°; b. p. 168*3°/15 mm.) in 500 c.c. of the solvent, cooled in a 
freezing mixture, 150 g. of bromine were added during H hours 
with efficient stirr ing . After 1 hour the precipitate was filtered off, 
washed with 100 c.e. of cold solvent, and dried (250 g.; m. p. 38*5°). 
The rem aind er of the dibromo-acid was obtained as an oil after 
washing the filtrate with a solution of sodium bisulphite and then 
with water and drying and evaporating the solvent. The yield of 
oil was practically the same in a number of brominations (Pound : 
Br, 46*2; equiv., by titration with alkali, 345*1. Calc, for 
C 1;l H 20 O 2 Br 2 : Br, 46*5%; equiv., 344*0). 

Preparation of Ethyl Dehydroundecenoate and its Silver Deriv¬ 
ative. —Dehydroundecenoic acid was prepared from the dibromo-acid 
by Kr a fit's method (loo. cit.) and esterified with lime-dried alcohol 
and concentrated sulphuric acid. The ester had b. p. 145°/15 mm. 

(a) A solution of 2 g. of the ethyl ester in 5 c.c. of absolute alcohol 
was added to 3*24 g. of silver nitrate in 105 c.c. of alcohol; 4*7 g. 
of the silver derivative were obtained. The filtrate and washings 
(10 c.c.) were shaken with solid potassium chloride and filtered. The 
filtrate required for neutralisation 9*0 c.c. of JV-sodium hydroxide. 

(b) 17*5 G. of the ester, 28*4 g. of silver nitrate, and 11. of alcohol 
gave 38*5 g. of the silver derivative, and the filtrate required 82*1 
c.c. of A T -alkali (Found : Ag, 44*5. Calc, for C I3 H 21 0 2 Ag,AgN0 3 : 
Ag, 44*3%). 

Action of the Silver Derivative upon Eeptyl Bromide in Alcohol .— 
The silver derivative-precipitated from 17*5 g. of the ester was 
washed and dissolved in 300 c.c. of warm alcohol, 30 g. of heptyl 
bromide were added, ,and the solution was warmed under reflux 
on the water-bath; 30 g. of silver bromide separated during 3 hours. 
Alcohol was distilled from the filtered solution, and the residue 
fractionated. 

Fraction (a) } boiling below 140°/15 mm., was redistilled and 
collected up to 168°/760 mm. After it had been warmed with 
aqueous caustic potash to hydrolyse heptyl bromide and extracted 
with ether, an oil was obtained. Heptyl alcohol was removed from 
this by treatment with successive quantities of sodium. The 
remaining liquid was distilled and collected at 165—166°/760 mm. 
(3*5 g.) (Found: C, 74*65; H, 13*7. Calc, for C 7 H 15 -0-C 2 H 5 : 
0, 74*9; H, 14*0%). 

Fraction (6) (16 g.), collected at 145°/IS mm., was ethyl dehydro¬ 
undecenoate, since it gave after hydrolysis an acid of m. p. 43—44° 
(Found: C, 72*3; H, 10*2; equiv,, by titration, 185*2. Calc, for 
QuH 1s 0 2 : C, 72*5; H, 10*0%; equiv., 182*1). 

Action of the Silver Derivative upon Heptyl Bromide in Absence of 
Alcohol .—The silver derivative from 15 g. of the ester was dried hi a 
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vacuum desiccator during 2 days and then warmed with 50 g. of 
heptyl bromide on the wateT-bath, the flask being shaded. The 
cooled solution was filtered after dilution with ether. The filtrate 
gave a fraction, b. p. 95—100°/760 mm. On redistilling this, 4*5 g. 
were collected at 96—98°. Bromine in the cold converted this into 
an oil, b. p. 105—107°/15 mm. a!3-Dibromoheptane has b. p. 
105—107°/15 mm. (Found: Br, 61*5. Calc, for C 7 H 1 4 Br 2 : Br, 
62*0%). 

Formation of the Sodium Derivative .—Ethyl dehydroundecenoate 
was heated under reflux for about 2 days with toluene in which 
a 5% excess of finely powdered sodamide was suspended; ammonia 
was slowly evolved. The flocculent precipitate of the sodium 
derivative of dehydroundecenoamide was treated with excess of 
heptyl bromide. Sodium bromide was slowly formed and the 
filtered solution gave practically the whole of the ethyl dehydro¬ 
undecenoate. 

The authors are indebted to the Research Fund Committee of the 
Chemical Society for a grant which defrayed part of the cost of the 
investigation. 

Bikkbecx College, 

UmvEBSiTY op London. [Received, April 10 th, 1927.] 


CCL.— Besson's Supposed Phosphorus Suboxide, P 2 0. 

By Leslie James Chalk and James Reddick: Paj&tington. 

Ressoh describes ( Compt. rend., 1897, 124, 763; 1897, 125, 1032 ; 
1901, 132, 1556; compare Bull. Soc . chim., 1900, 23, 582) the 
preparation of an oxide, P 2 0, (i) by heating phosphoryl chloride 
with phosphonium bromide, (ii) by the action of a slow stream of 
air on a solution of phosphorus in carbon tetrachloride, and (iii) by 
heating a concentrated solution of phosphorous acid with phosphorus 
trichloride. The identical products are stated to be yellowish-red 
and stable at 100°, but decomposed in a vacuum at 135° with the 
evolution of oxygen. Analysis gave about 79% of phosphorus 
(P 2 0 requires 79*49%). The substances obtained by Michaelis and 
Pitsch {Ben, 1899, 32, 337; Annalen, 1900, 310, 45) by the action 
of hydrochloric acid on a solution of yellow phosphorus in aqueous- 
alcoholic potassium hydroxide, and by the action of acetic anhydride 
on a solution of hypophosphorous acid in glacial acetic acid, were 
considered by Besson to be largely P 2 0 contaminated by phosphorus 
and solid hydrogen phosphide. 

Preparation of Besson's Oxide .—10 G. of Kahlbaum’s phosphorous 
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acid were dissolved in 8 g. of water in a flask under a reflux condenser 
and 50 g. of phosphorus trichloride were added. Hydrogen chloride 
was steadily evolved and crystals were formed. These consisted of 
phosphorous acid, and not phosphorus trioxide, as required by the 
equations given by Besson, viz., PC1 3 + H 3 P0 3 = 3HC1 + P 2 0 3 , 
followed by 2P 2 0 3 = P 2 0 + P 2 0 5 . On heating for about 15 minutes 
on a water-bath with shaking, the crystals disappeared and a yellow 
solid began to separate. On further heating, red particles appeared. 
A viscous layer settled out which contained most of the deposit, 
the upper layer being unchanged phosphorus trichloride. Reaction 
is complete in 6 hours. Besson states that a substance with the 
appearance of phosphorus pentoxide is formed in the reaction, but 
this could not be confirmed, neither was a hissing noise observed on 
adding water to the residue, although heat was evolved by the action 
of water on unchanged trichloride—if the upper layer is poured off 
before the addition of water there is practically no evolution of heat. 

The product was filtered, washed with cold water according to 
the directions of Besson, and dried in a vacuum over phosphorus 
pentoxide for 3 weeks. The filtrate contained phosphorous, phos¬ 
phoric, and hydrochloric acids, most of the phosphorus being in the 
form of phosphorous acid. The dry powder was yellowish-red, but 
contained darker red particles, and was free from chlorine. The 
yield from 10 g. of phosphorous acid was 0-7 g. In this way, the 
preparations numbered I, II, III, and VII in the tables were 
obtained. 

Action of Phosphorus Trichloride on Crystalline Phosphorous Acid . 
—Although the preceding experiment was performed exactly as 
specified by Besson, it was clear that it would be better to use 
crystalline phosphorous acid instead of the solution. 50 G. of 
phosphorus trichloride and 10 g. of solid phosphorous acid did not 
react until the mixture was warmed; the acid then dissolved com¬ 
pletely and a yellow solid soon appeared. This turned redder on 
further heating for 5 or 6 hours, and the product was then isolated 
and dried as before. It was exactly similar in appearance to the 
previous product. The liquid poured off from the solid was mainly 
unchanged trichloride (43 g.). The yield of “ oxide 99 was about 
the same as in the first method. The preparations numbered 
IV, V, VI, and VIH were obtained by this method. Preparation V, 
containing 86*7% of phosphorus, was not further examined. 

The Action of Phosphorus Trichloride on Phosphorous Acid below 
70°.—50 G. of phosphorus trichloride and 10 g. of phosphorous acid 
were heated so that the temperature never rose beyond 70°. The 
action was slow, but no further yield appeared after 20 hours. Only 
0*15 g. of product resulted, which was pure yellow: without any iipgc- 
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of orange, and appeared homogeneous under the microscope. The 
washings contained phosphorous acid and a small amount of phos¬ 
phoric acid, but no hypophosphorous acid. The upper layer 
yielded 33*5 g. of unchanged trichloride. The dry powder, specimen 
IX, had a stronger odour of phosphine than that prepared at 100°. 

Analysis of the Products .—The preparations were analysed by the 
method described by Chapman and Lidbury (J., 1899, 75, 973), 
except that phosphoric acid was estimated by the method described 
by Treadwell (“ Quantitative Analysis,” p. 437). 

The water and hydrogen contents of the preparations were 
determined by a modification of the apparatus described by Burgess 
and Chapman (J., 1901, 79, 1235), which is shown in Fig. 1. The 
aluminium foil used by these experimenters was omitted. The 
substance was weighed into a small tube, A, which was introduced 


Fig. 1. 



into the Bohemian-glass tube, F, 9 mm. in diameter and 120 cm. 
long. The part inside the resistance furnace, u, contained a roll of 
bright copper gauze. The whole apparatus was first thoroughly 
cleaned and dried by prolonged heating in a vacuum. The junction 
with the phosphorus pentoxide absorption tube, B, was made with 
sealing wax, since this part remained quite cool, so that the tube 
B could be removed easily for weighing. A screw-clip on the 
pressure tubing, E, enabled the tube B to be evacuated inde¬ 
pendently of the tube AF. The substance in A darkened on heating 
and evolved gas, which was collected in the receiver of the Sprengel 
pump exhausting the apparatus. When no further gas collected 
and a vacuum was re-established, the apparatus was allowed to 
cool and disconnected, and the tubes A and B were weighed. The 
tube A contained a dark grey residue, sometimes containing white, 
opaque specks, which were not glassy. Practically the whole of the 
phosphorus content of this residue could he extracted by boiling 
water, but the undissolved residue was in every case analysed for 
phosphorus. 
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When the preparations were heated with water in a sealed tube 
for 8. hours at 100°, and the tube was opened under mercury, only a 
very small diminution in volume was noticed, and the solution was 
found to contain phosphorous, but not hypophosphorous, acid. 
Besson attributed the production of phosphorous acid in this experi¬ 
ment to oxidation of P 2 0 : P 2 0 + 0 2 + 3H 2 0 = 2H 8 P0 3 , the 
absorption of oxygen being inferred from a diminution of pressure; 
he also noticed a smell of phosphine. We find no such diminution 
of pressure, and there can be no doubt from this and from the 
quantitative experiments described below that the phosphorous acid 
is present as such in the original preparations. On further heating 
the residue from this experiment with water, more phosphorous acid 
was obtained, but in diminished amount, and an adsorption 
phenomenon is indicated. The presence of uncombined water in 
the preparations is considered improbable, since a portion of prepar¬ 
ation HI, on being kept in a vacuum over phosphorus pentoxide for 
2 months, gave practically the same results for water and hydrogen 
on distillation (0*1 g. gave 0*0142 g. of residue with 43% P, 2-2 c.c. 
of hydrogen and 0*0056 g. of H 2 0) as the freshly dried preparation. 
The probable constituents of the preparations are therefore: free 
phosphorus, phosphorous acid, and solid hydrogen phosphides. 
The preparation made below 70° may be expected to contain more 
solid phosphides, since a slow reaction between phosphorus tri¬ 
chloride and phosphorous acid in the cold is said to give these 
substances, whilst at higher temperatures (170°) red phosphorus is 
said to be the only product. 

We assume that the only primary constituents of the preparations 
are phosphorous acid and phosphorus, the amount of the former 
being directly estimated from the phosphoric acid in the residue left 
after distillation in a vacuum. The weight of water and the volume 
of hydrogen obtained on distillation in vacuum can then be com¬ 
pared with those calculated from the equation: 8H 3 P0 3 = 3P 2 0 5 + 
9H 2 0 + 2P + 3H 2 . The phosphorus content of the residue was 
generally above 40%, whereas that of metaphosphoric acid is 38*8% 
and that of phosphorus pentoxide 43*7%. That the residue should 
consist mainly of phosphorus pentoxide rather than metaphosphoric 
acid might appear improbable, but the pentoxide may be produced 
by the prolonged heating in vacuum of free phosphorus and meta¬ 
phosphoric acid : 10HP0 3 + 2P = 6P 2 O s + 5H 2 . The results of 
the distillation experiments, as is seen from Table I, are in agreement 
with this hypothesis, except that the hydrogen obtained from the 
oxide prepared below 70° was greater than the calculated amount* 
a result which would be expected if solid hydrogen phosphides are 
present. In other cases, the hydrogen calculated is only slightly 
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lower than the experimental value, which may indicate the presence 
of a little solid hydrogen phosphide (compare Burgess and Chapman, 
lot. cit .). The dark colour of the residue obtained on heating in a 
vacuum is probably due to a trace of free carbon derived from 
organic matter introduced from the cork of the flask in the prepar¬ 
ation of the <fi oxide. 59 This was estimated by difference on the 
assumption that the remainder of the residue was phosphorus 
pentoxide, and it was always very small. 

In all cases the gas collected from 0*1 g. of preparation was 2—4 
c.c. It was shown to be hydrogen by explosion with oxygen. No 
contraction was observed with the gas, before or after explosion, 
in contact with dilute acid or alkali. The contraction on explosion 
was slightly less than the calculated, although no gas except hydrogen 
could be detected by qualitative tests. The alleged evolution of 
oxygen on heating the substance was negatived by experiments in 
which the copper gauze was omitted. The gas collected in this 
case was phosphine; it suffered no contraction in contact with 
alkaline pyrogalloi, and on explosion with oxygen gave white fumes 
of phosphoric acid. The phosphorus contents of the various 
preparations were as follows : 

Preparation, I. II. HI. IV. V. VI. YU. VXU. IX. 

%P. 85*1 86*0 86*8 8H 86*7 86-2 88*8 88-2 87*6 

These results definitely exclude the composition P 2 0. 

In Table I, column 2 gives the actual amount of oxide used in the 
analysis. The figures in the remaining columns, however, have 
been calculated to 0*1 g. of oxide for the purpose of comparison. 
This applies also to all the figures in Tables II and III. 

Table I. 

Effect of distillation of the preparations. 


Prep. 

Weight 

Residue 

h 2 o 

Gas 

h 2 

H s O 

H s (calc.) 

No. 

(g*)* 

(g*5* 

(g*)* 

(c.c.). 

(e.e.). 

(calc.) (g.). 

(c.c.). 

I 

0*0950 

0*0160 

0*0059 

2*8 

2*6 

0*0054 

2*2 

n 

0*1081 

0*0155 

0*0065 

3*0 

2*9 

0*0057 

2*4 

m 

0*1060 

0*0135 

0*0051 

2*2 

2-0 

0*0050 

2*1 

IV 

0*0987 

0*0176 

0*0074 

3-5 

3*2 

0*0064 

2*7 

VI 

0*0945 

0*0149 

0*0063 

2*5 

2*5 

0*0054 

2*3 

vn 

0*0993 

0*0121 

0*0050 

1*7 

1*5 

0*0044 

1*8 

vm 

0*1058 

0-0128 

0*0055 

2*1 

1*9 

0*0047 

2*0 

IX 

0*0595 

0*0116 

0*0044 

4*6 

4*4 

0*0034 

1*4 


W Specimen IV still contained phosphorous acid which could be 
extracted by washing. Specimens Vil and VIH were washed for 
a longer time than the others and the phosphorus content is higher, 
indicating a more complete removal of phosphorous acid. Only 
0>O595 g. of Specimen IX vras available for distillation. 
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Table II contains the analyses of the residues left after distillation. 
Except in the cases of Preparations I and IX, all the phosphorus 
(as phosphoric acid) was extracted by boiling water. In these two 
cases, the residues after extraction contained 0*0010 g. and 0*0008 g, 
of free phosphorus, respectively (compare Burgess and Chapman, 
loo. ciL). The fifth column gives the amount of phosphorous acid 
equivalent to the phosphorus contained in the residue as P 2 0 5 , 
the sixth the amounts of hydrogen and oxygen equivalent to this, 
viz., (H 3 PO 3 ) X (51/82). The last column contains the sum of the 
weights of phosphorus, hydrogen, carbon, and oxygen in 0*1 g. of 
preparation, i.e. y the sum of the figures in columns 4, 6 , and 7, and 
is equal to 0*1 to within 2%. This supports the hypothesis that the 
supposed oxide P 2 0 contains free phosphorus and phosphorous acid 
only. 

Table II. 

Composition of residue after distillation. 


Prep. 

Weight 

%Pin 

C. 

h 3 po 3 

equiv. to P 

H and O 

Pin 

0*1 g. 


No. 

g* 

residue. 

(calc.). 

extracted. 

as H 3 P0 8 . 

“ oxide.” 

Total. 

I 

0*0160 

38*4 

0*0009 

0*0217 

0*0135 

0*0851 

0*0995 

n 

0*0155 

42*0 

0*0005 

0*0230 

0*0143 

0*0860 

0*1008 

m 

0*0135 

42*2 

0*0006 

0*0201 

0*0125 

0*0868 

0*0999 

IV 

0*0176 

42*0 

0*0007 

0*0261 

0*0162 

0*0811 

0*0980 

VI 

0*0149 

42*2 

0*0005 

0*0222 

0*0138 

0*0862 

0*1005 

vn 

0*0121 

41*5 

0*0006 

0*0177 

0*0110 

0*0888 

0*1004 

vm 

0*0128 

42*5 

0*0004 

0*0192 

0*0119 

0*0882 

0*1005 

IX 

0*0116 

37*2 

0*0009 

0*0139 

0*0086 

0*0876 

0*0971 


The percentage of phosphorus in Preparations VII and VIII 
corresponds very nearly with that in the supposed suboxide P 4 0, but 
the behaviour on distillation in a vacuum is different. Burgess and 
Chapman (loc. cit.) found that 0*1 g. of the supposed P 4 0 gave on 
distillation about 10 c.c. of hydrogen and left practically no residue, 
whereas these preparations give only 1—3 c.c. of hydrogen and leave 
12 % of residue. Burgess and Chapman, however, decomposed the 
water vapour by heated aluminium. 

Prom the experimentally determined values of phosphorus, 
oxygen, and hydrogen in the supposed oxide, a formula for the latter 
may be calculated. This is done in Table III, in which the total 
should be 0*1 g. This is seen to be the case within 2%. The oxygen 
is calculated on the assumption that the phosphorus extracted by 
hot water from the residue after distillation existed as pentoxide. 

The properties of the supposed oxide are similar to those of 
scarlet amorphous phosphorus and of the supposed solid hydrogen 
phosphides. It is insoluble in water, alcohol, benzene, chloroform, 
or ether. Dilute nitric acid dissolves it at 40°, whilst concentrated 
nitric acid causes inflammation. Hydrogen peroxide and sodium^ 
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Table III. 


Prep. 

p 

h 2 o 

O 

H 

c 



No. 

(obs.). 

(obs.). 

(calc.). 

(obs.). 

(obs.). 

Total. 

Formula. 

I 

0-0851 

0-0059 

0*0079 

0-0002 

0-0009 

0-1000 

P2^0-59^0*65 

II 

0-0860 

0-0065 

0*0084 

0-0003 

0-0005 

0-1017 

Pa^O-84^0-70 

in 

0-0868 

0-0051 

0-0073 

0-0002 

0-0006 

0-1000 


IV 

0-0811 

0-0074 

0-0095 

0-0003 

0-0007 

0-0990 

P$O 0 . 77 H o . 68 

VI 

0-0862 

0*0063 

0-0081 

0-0002 

0*0005 

0*1013 

^2^0*82^0*67 

vn 

0-0888 

0*0050 

0-0065 

0-0001 

0-0006 

0-1010 

I^2^0-48®'0*48 

vm 

0-0882 

0*0055 

0-0070 

0-0002 

0-0004 

0-1013 

P iOj. 52 Hjj .55 

IX 

0-0876 

0-0044 

0-0056 

0-0004 

0-0009 

0-0989 

PjO 0 . 42 Hg.g 3 


hypochlorite solution oxidise it to colourless solutions containing 
phosphoric acid. Concentrated ammonia turns it slightly darker in 
colour, the original colour being restored by exposure to air or by 
the action of acids. Alcoholic potassium hydroxide forms a dark 
red solution 'with evolution of phosphine, the solution being similar 
to that formed by the supposed suboxide P 4 0 (as was found by trial). 

The mechanism of the formation of Besson’s substance (which 
is really of variable composition) is probably as foEows. The 
phosphorous acid may be decomposed with evolution of phosphine. 
The latter is known to react with phosphorus trichloride giving, 
according to the conditions, sohd hydrogen phosphide or phosphorus. 
When prepared at lower temperatures, the product may contain 
appreciable amounts of solid hydrogen phosphide. It is also possible 
that phosphorus trioxide may be formed by the action of the 
trichloride on phosphorous acid (Abegg, “ Handbuch,” III, iii, 420; 
the reference to Krafft and Neumann, Ber. y 1901, 34, 566, there 
given does not appear to be relevant). The trioxide might then 
decompose, either alone or by interaction with phosphorus tri¬ 
chloride, to form phosphorus or sohd hydrogen phosphides. 


Summary . 

The supposed oxide of phosphorus, P 2 0, formed by the action of 
phosphorus trichloride on phosphorous acid under the conditions 
described by Besson has neither the composition nor properties 
attributed to it by that investigator. It is somewhat variable in 
composition and appears to be a mixture of finely divided amorphous 
phosphorus with strongly adsorbed phosphorous acid, although, 
especially when prepared at lower temperatures, sohd hydrogen 
phosphides may be present. The amount of oxygen present is 
always much less than is required by the formula P 2 0, and hydrogen 
also is always present, even after prolonged drying over phosphorus 
pentoxide. 

EiL®r London College, 

University op London. [ Received , May 24dh , 1927.] 
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CCLI .—Syntheses of Olucosides. Part I. The 
Synthesis of Indican. 

By Alexander Bobertson. 

The glucoside indican, 3-S-glucosidoxyindole, was first isolated by 
Schunk (Phil. Mag., 1855,10, 74; 1858,15, 127) from Polygonum 
tinctorium , who stated that the indigotin-yielding substance in 
Isaiis iinctoria , 44 woad, : ’ was the same. It was, however, not 
until many years afterwards that its correct formula was indicated 
by Marchlewski and Radcliffe (J. Soc. Chem. hid., 1898, 17, 434), 
who suggested that the glucoside had possibly the formula 
C 14 H 17 0 6 N, and that, on hydrolysis, glucose and indoxyl were 
formed, the latter on oxidation being converted into indigotin. 
The proof that indican is an indoxyl glucoside, and that the sugar 
obtained from it is glucose, was supplied by Hazewinkel ( Proc. K. 
Akad. Wetensch. Amsterdam, 1900, 2, 512). About the same time, 
Hoogenwerff and ter Meulen {ibid., p. 520) isolated the glucoside 
in a crystalline condition from Polygonum tinctorium and Indigofera 
leptostachya. They showed that it had the formula C 14 H 17 0 6 N and 
when crystallised from water contained 3H a O. By hydrolysis of 
the glucoside in the presence of air, they obtained slightly impure 
indigotin; and later the identity of the sugar with d-glucose was 
indicated by ter Meulen (Bee. irav. chim., 1905,24, 444). Beyerinck 
(Proc. K. Akad. Wetensch. Amsterdam, 1900, 3, 101) showed that 
the glucoside in Polygonum tinctorium is not the same as the indigo- 
yielding substance in Isaiis iinctoria as claimed by Schunk, and 
also that indican was slowly hydrolysed by emulsin, as well as by 
its specific enzyme, indemulsin. 

Perkin and Bloxam (J., 1907, 91, 1715), Perkin and Thomas 
(J., 1909, 95, 793), and Thomas, Bloxam, and Perkin (J., 1909, 
95, 824), working with improved methods, isolated the crystalline 
glucoside from Indigofera leptostachya, I. sumairana, I. arrecta , and 
Polygonum tinctorium, and confirmed in detail the work of Hoogen¬ 
werff and ter Meulen, Hazewinkel, and Beyerinck. In addition, 
these workers obtained the glucoside in the anhydrous state. Prom 
a study of the hydrolysis of methylated indican, Macbeth and 
Pryde (J., 1922, 121, 1660) showed that the glucoside is in all 
probability a normal ^-derivative. This is in agreement with the 
conclusions arrived at by ter Meulen (loc. cit.) as a result of a study 
of the hydrolysis of the glucoside by enzymes. 

In attempting the synthesis of indican, the most obvious method 
was to obtain the penta-acetyl derivative by the interaction of 
I-acetyl-3-hydroxyindole and tetra-acetyl-a-glucosidyl bromide m 
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acetone solution in the presence of aqueous alkali. Reference to 
the literature indicated the difficulty of preparing a sufficient 
quantity of the acetylhydroxyindole, and the instability of the 
latter in the presence of alkali. Accordingly, another method for 
the synthesis of the glucoside was devised. 

Methyl 3- O-tetra-acetyl- ^~glucosidoxyindole-2-mrboxylate (II) was 
obtained in good yield by the interaction of methyl 3-hydroxyindole- 
2-Carboxylate (I) and tetra-acetyl- a-glucosidyl bromide in acetone 
solution in the presence of potassium hydroxide. 



This penta-aeetyl glucoside on hydrolysis with methyl-alcoholic 
potash yielded 3- ^glucosidoxyindole-2-carboxylic acid (V), which was 
conveniently isolated from the reaction mixture as the potassium 
salt. The latter, when treated with fused sodium acetate and 
acetic anhydride, first on the water-bath and then at 160°, was 
acetylated and the carboxyl group simultaneously eliminated with 
the formation of l-actiyl-3-0-Mra-acetyl-$-glucosidoxyi7idole (VI)* 
In order to verify the constitution of this substance, a small quantity 
of it was prepared directly by the interaction of 1-acetyl-3-hydr- 
oxyindole (VII) (D.R.-P. 108761) and tetra-acetyl-a-glucosidyl 
bromide in a cooled acetone solution in the presence of potassium 
hydroxide. The specimens of penta-acetyliTidican thus obtained 
were identical. The penta-aeetyl glucoside was deacetylated with 
methyl-alcoholic ammonia, and 3- $-glucosidoxyindole, indican (VIII), 
obtained in good yield. The properties of the synthetic glucoside 
were identical with those of the natural product described in detail 
by Perkin and his collaborators (Zoo. ciL). 

Hydrolysis of the synthetic indican under various conditions 
gave the same products as those obtained by these authors, by 
Hazewinkel (loc. eft.) and by Beyerinck (loc. cit .). 
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On deacetylation of the glucoside (II), a mixture of methyl 
3-£- glucosidoxyindole-2-carboxylate (III) and 3-$-glucosidoxyindole - 
2 -carboxylamide (IV) was obtained, but the latter could not be 
isolated in a crystalline condition. Hydrolysis and acetylation, 

' however, established the nature of the uncrystallised syrup. 

The preparation of methyl 3-hydroxyindole-2-carboxylate (Vor- 
lander, Annalen, 1898, 301, 349) was carried out by the method 
described for the preparation of the corresponding ethyl ester 
(DJEt.-P. 105495). This methyl ester on acetylation yielded an 
0 -acetyl derivative. 

Experimental. 

Methyl Z-Hydroxyindole-2-carboxylaie (I). — To pulverised 
sodium (2-7 g.) and methyl phenylglycine-o-carboxylate (25 g.) in 
benzene (100 c.c.), one drop of anhydrous methyl alcohol was 
added and the mixture was gently warmed on the steam-bath until 
a vigorous reaction set in; the sodium derivative of methyl 3-hydr- 
oxyindole-2-carboxylate was then deposited as a solid. When this 
reaction had almost ceased, the mixture was heated under reflux 
for 30 minutes and then cooled. The sodium derivative was 
collected, washed with benzene, dried, and dissolved in ice-water 
(250 c.c.), and the solution was filtered after treatment with charcoal 
and acidified with acetic acid (50%). The indoxylic ester thus 
precipitated crystallised from methyl alcohol (70%) (charcoal) in 
elongated, glistening needles, m. p. 157—158°. Yield, 15 g. 

Methyl Z-acetoxyindole-2-carboxylate was obtained in almost 
theoretical yield when methyl 3-hydroxyindole-2-carboxylate (2 g.), 
fused sodium acetate (2 g.), and acetic anhydride (10 c.c.) were 
heated under reflux for 1 hour. Water was added to the cooled 
mixture, and the acetyl derivative gradually crystallised. After 
recrystallisation from methyl alcohol (50%) and then from benzene- 
ligroin (1:9), it was obtained in glistening, elongated prisms, 
m. p. 145° (Eound : C, 62-1; H, 4*7. C 12 H n 0 4 N requires C, 61-8; 
H, 4*7%). It is insoluble in dilute alkali solution. Attempts to 
obtain a diacetyl derivative were unsuccessful. 

Me£hyl 3- Tetra-acetyl-$-glucosidoxyindole-2-carboxylate (II).—A 

cooled solution of potassium hydroxide (2*8 g.) in water (20 c.c.) 
was gradually added to one of methyl 3-hydroxyindole-2-carboxylate 
(9*3 g.) and tetra-acetyl-a-glucosidyl bromide (20*5 g.) in pure 
acetone (90 c.c.) cooled to 10°; the acetyl glucoside soon began to 
crystallise. After remaining at room temperature for 4 hours, 
the mixture was diluted with water (50 c.c.) and cooled in ice, and 
the solid was collected and recrystallised from hot methyl 
(charcoal). The acetyl glucoside was thus obtained in co 


alcohol 
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prisms with blunt ends, m. p. 229—230° (Found: C, 55-5; H, 5*2. 
C^H^O^lsF requires C, 55*5; H, 5*2%). Yield, 16*5 g. 

This glucoside is sparingly soluble in ether and in cold alcohol, 
and moderately easily soluble in hot alcohol. A penta-acetyl 
derivative could not be obtained. 

Z-$-GlvM8idoxyindoh-2-carboxylamide (IV).—Dry methyl alcohol 
(200 c.c.) containing finely powdered methyl 3-tetra-acetyl-p- 
glucosidoxyindole-2-carboxylate (3 g.) in suspension was saturated 
at 0° with dry ammonia gas. The glucoside gradually dissolved 
and the solution was allowed to remain at 0° for 14 hours. After 
removal of the ammonia and methyl alcohol in a vacuum at 18°, 
the residual oil was freed from acetamide by distillation of the 
latter at 100°/I—2 mm. The straw-coloured syrup which remained 
was dissolved in water, and the solution on evaporation in a vacuum 
desiccator deposited the amide as a white solid. This crystallised 
from water in colourless, rectangular plates, which decomposed at 
254—256° to a black mass after darkening at 245° (Found : 0, 50*7; 
H, 5*6; 1ST, 7*5. C 15 H 18 0 7 N 2 requires C, 50*8; H, 5*6; N, 7*8%). 
Yield, 0*3 g. The amide is fairly soluble in alcohol and in hot 
water. 

The filtrate after the separation of the amide was evaporated 
to small bulk, and a straw-coloured syrup obtained which could 
not be induced to crystallise. This undoubtedly consisted of 
impure methyl 3- $-gluwsi(toxyindole-2-mrboxylaie (III). When this 
syrup was heated to boiling with 6% hydrochloric acid for 1 minute, 
methyl 3-hydroxyindole-2-carboxylate (I) crystallised, m. p. 157— 
158° after recrystallisation from 70% methyl alcohol. The acetyl 
derivative, m. p. 145°, was identical with that described above. 
The syrup (1 part) was acetylated by heating it under reflux for 
1 hour with fused sodium acetate (1 part) and acetic anhydride 
(10 parts). Water was added to the cooled mixture to decompose 
the excess of acetic anhydride, and methyl 3-tetra-acetyl- [3-glucosid- 
oxyindole-2-carboxylate separated, ra. p. 229—230° after recrystall¬ 
isation from methyl alcohol. A mixture of the latter with an 
authentic specimen of the acetylated glucoside showed no depression 
of the melting point. 

3-$-Gkumidoxyi7idole-%-carbQxyUc Acid (V).—A solution of potass¬ 
ium hydroxide (4 g.) in 80% methyl alcohol (25 c.c.) was gradually 
added to a suspension of methyl 3-tetra-acetyl-P-glueosidoxyindole- 
2-earboxylate in methyl alcohol (50 c.c.). After the solid had 
dissolved, the solution was kept at room temperature for 12 hours, 
methyl alcohol (20 c.c.) was then added, and the mixture heated 
under reflux on the water-bath for 2 hours, during which time the 
potassium salt of 3- p -glucosidoxyindole - 2- carboxylic acid crystallised 
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out. When cold, the colourless potassium salt was collected, washed 
with dry methyl alcohol, and dried. The salt (yield, 3*5 g.) was 
sufficiently pure for use in the nest stage of the synthesis. 

A solution of the potassium salt (1 g.) in water (4 c.c.) was acidified 
with a slight excess of 2% hydrochloric acid. The pale blue, 
cryst allin e precipitate of the glucoside which separated was collected 
and recrystallised from warm water (charcoal), from which it 
separated in alm ost colourless, rod-like prisms, which turned brown 
at 215—220° and decomposed to a dark liquid at 230—231° (Found: 
C, 53*1; H, 5-1; N, 4*0. C 15 H 17 0gN requires 0, 53*1; H, 5*0; 
N, 4*1%). 

A solution of this glucoside in dilute hydrochloric acid, containing 
ferric chloride, on boil i n g is quickly decomposed with the formation 
of indigotin. An aqueous solution when heated to boiling quickly 
assumes a blue colour, due to slight hydrolysis and the formation of 
a trace of indigotin. 

1 - Acetyl - 3 - tetra-acetyl - p - glucosidoxyindole (Penta - acetylindican) 
(VI).—(A.) Potassium 3-P-glucosidoxyindole-2-carboxylate (3*5 g.), 
fused sodium acetate (3*5 g.), and acetic anhydride (45 c.c.) were 
heated on the steam-bath for 2 hours, and then at 160—162° for 
1 hour. Water (200 c.c.) was added to the cooled mixture; the 
penta-acetylindican then separated as an oil which gradually 
solidified. The solid was repeatedly ciystallised from methyl 
alcohol (charcoal) to free it from coloured impurities, and finally 
from ethyl alcohol, from which it separated in glistening, colourless, 
elongated, rectangular prisms, m. p. 148° (yield, 4*0 g.) (Found: 
C, 57*2; H, 54. requires C, 57*0; H, 5*3%). Penta- 

acetylindican is slightly soluble in cold and easily soluble in hot 
alcohol, and readily soluble in cpld chloroform. 

(#.) A suspension of methyl 3-tetra-acetyl-p-glueosidoxyindole- 
2-carboxylate (6 g.) in 5% baryta water (200 c.c.), maintained at 
40—45°, was vigorously agitated for 24 hours; the solid gradually 
dissolved. The excess of barium hydroxide was precipitated by 
carbon dioxide, the barium carbonate removed, and the filtrate 
evaporated to dryness. The residue was acetylated and penta- 
acetylindican isolated, m. p. 148°, as described above. Yield, 0*8 g. 

(C.) A solution of potassium hydroxide (0*84 g.) in water 
(10 c.c.) was gradually added to one of l-acetyl-3-hydroxyindole 
(VI) ( loc . cit.) (2*1 g.) and tetra-aeetyl-a-glucosidyl bromide (6*2 g.) 
in 100 c.c. of acetone maintained below 5° in an atmosphere of 
nitrogen. The mixture was kept in the ice-chest for 5 hours and 
then acidified with dilute acetic acid, and the acetone was removed 
in a vacuum at room temperature. The dark brown residual oil 
was dissolved in warm methyl alcohol (20 c.c.), and the solutkm 
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poured into cold water (300 c.e.); impure penta-acetylindican was 
then precipitated in a semi-solid condition. The glucoside crystall¬ 
ised from ethyl alcohol (charcoal) in glistening, colourless, elongated, 
rectangular prisms, m. p. 148° (yield, 0*7 g.) (Found: C, 56*8; 
H, 5-3; N, 2*8. C^H 27 O u N requires C, 57*0; H, 5*3; N, 2*6%). 
A mixture of the penta-acetylindican prepared in this way with 
that described above showed no depression of the melting point. 

3 -Glucosidoxyindole {Indican) (VlLL).—1 - Acetyl-3-tetra-acetyl- 
P-glucosidoxyindole (8 g.) quickly dissolved in absolute methyl 
alcohol (300 c.c.) saturated at room temperature with dry ammonia. 
After 24 hours, the solution was cooled to 0°, saturated with 
ammonia, and kept for 12 hours. The ammonia and methyl 
alcohol were then removed under diminished pressure at 20—25°, 
and the residual syrup was freed from acetamide by exposure to a 
high vacuum (1—2 mm.) for 1 hour at 100°. A solution of the 
green residue in warm water (30 c.c.) was filtered after treatment 
with charcoal, and exposed to a vacuum over soda-lime and calcium 
chloride. An almost colourless mass of crystalline indican gradually 
filled the liquid. Yield, 4*2 g. 

The glucoside, after being twice recrystallised from water, was 
obtained as a mass of colourless, silky needles, m. p. 57—58°. 
When dried in a vacuum over sulphuric acid for 48 hours, indican 
lost part of its water of crystallisation; it then melted at 100—101°, 
became crystalline at 160°, and finally melted at 176—178°. It was 
obtained anhydrous, m. p. 176-—178°, by heating it in the steam- 
oven for 3 hours, at 110° for 1 hour, and finally at 160° for 5 minutes 
{Found in a specimen crystallised from water and air-dried: C, 
48*2; H, 6*5; N, 4*4; E^O, 15*8. Calc, for C 14 H 17 0 6 N,3H 2 0: 
C, 48*1; H, 6*6; N, 4*0; H 2 0, 15*5%. Found in an anhydrous 
specimen: C, 56*6; H, 6*0; N, 5*0. Calc, for C 14 H 17 0 6 N: C, 
56-9; H, 5*8; N, 4*8%). Anhydrous indican was also obtained 
from the hydrated variety in colourless prisms, m. p. 176—178°, 
by crystallisation from warm absolute ethyl alcohol-benzene as 
described by Perkin and Bloxam (Zoc. tit.). 

Synthetic indican is rapidly hydrolysed in warm 3% hydro¬ 
chloric acid with the liberation of glucose and indoxyl, which in 
the presence of acid forms “ indoxyl brown. 5 ' If, however, a little 
ferric chloride is added as an oxygen carrier and air is bubbled 
through the solution, the liberated indoxyl is instantaneously 
oxidised to almost pure indigotin. "When a drop of concentrated 
hydrochloric acid is added to a solution of the glucoside in warm 
glacial acetic acid containing a little p-nitrosodimethylanilme as an 
oxidising agent, glistening leaflets of indigotin, which have a bronze 
reflex, quickly separate. Hydrolysis of the glucoside in warm 3% 
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hydrochloric acid in the presence of isatin gives a quantitative 
yield of indirubin, which separates in microscopic red prisms, 
whilst, with p-nitrobenzaldehyde, the liberated indoxyl forms 
p-nitrobenzaldehydeindogenide, which crystallises from acetone in 
red, prismatic needles, m. p. 273—274°. 

The author wishes to express his thanks to the Chemical Society 
for a grant which has partly defrayed the cost of this investigation. 

The University, Manchester. [Received, June 1 6th, 1927.] 


CCLII .—Reactions of Displacement in the Tropic Acid 
Group . Part II. 

By Carl Aloysius Kerr. 

In Part I, the action of sodium carbonate and of concentrated 
aqueous ammonia on Z-P-chlorohydratropic acid, CH 2 Cl*CHPh*C0 2 H, 
was examined by McKenzie and Strathem (J., 1925,127, 82), and 
it now seemed of interest to prepare the optically active chloro- 
tropic acid, OH-CH^CPhQ'COgH, and to effect the displacement 
of the chlorine atom in this acid by other groups. The actions of 
alkali, moist silver oxide, ammonia, and reducing agents on both 
the active and the inactive acid were marked out for study. 
Moreover, the displacement of chlorine by hydrogen obviously 
called for inquiry, since such a change has been investigated only 
rarely in connexion with the Walden inversion, for example, in 
the reduction of Z-chloromalic acid to d-malic acid (Kuhn and Zell, 
Ber., 1926, 59, 2514). 

The preparation of r-chlorotropic acid is described by Ladenburg 
and Rugheimer (Ber., 1880, 13, 373), who acted on atropic acid 
with a dilute solution of hypochlorous acid, prepared by passing 
chlorine into a suspension in water of freshly precipitated, yellow 
mercuric oxide. The author has found that this acid can be more 
conveniently prepared by the action of monochlorourea on atropic 
acid, according to the equation CH 2 '.CPh*C0 2 H + KH 2 *CO-NHCl + 
HoO = 0H , CH 2 *CPhCl*C0 2 H + CO(KBi 2 ) 2 . Monochlorourea has 
been successfully used by Detoeuf (Bull. Soc. chim 1922, 102, 
176) in the preparation of the chlorohydrins of unsaturated sub¬ 
stances, and was found in the present case to give nearly 80% 
yields of chlorotropic acid. The resolution of chlorotropic acid 
into its active components can be accomplished by means of 
morphine, with methyl alcohol as solvent. d-Chlorotropic acid has 
[ a ]g° = + 12*6° for c = 3*025 in methyl alcohol, and mete at 
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123—124°, whereas the r-acid has m. p. 129—130°. The rotations 
of chlorotropic acid in acetone and in water were considerably 
lower than in methyl alcohol. The first mother-liquor in the 
resolution contained an excess of the morphine salt,of Z-chlorotropic 
acid, and by five recrystallisations of this salt from methyl alcohol 
a morphine salt resulted which gave Z-chlorotropic acid with [oc]g* = 
— 12*4° in methyl alcohol (c = 3*586). 

The action of sodium carbonate or caustic soda on r-chloro- 
tropic acid gave as a main product atroglyceric acid, 
OH*CH 2 *CPh(OH)*C0 2 H, m. p. 144—145°, as well as a small quan¬ 
tity of a neutral oil which corresponded with the formula C 8 H 8 0 2 
but could not be identified with the amount in hand. Aqueous 
ammonia with chlorotropic acid gave, as was expected, a chlorine- 
free nitrogenous substance, proved to be a-amino-[3-hydroxy-a- 
phenylpropionic acid. ^-Chlorotropic acid (1 mol.) when treated 
with moist silver oxide (2 mols.) gave r-atroglyeeric acid, with 
only slight formation of the yellow neutral oil noticed in the case 
of alkali. The following changes can be brought about: 



The action of sodium carbonate solution and of moist silver 
oxide on d£-ehlorotropic acid led to the formation, in both cases, 
of optically inactive atroglyceric acid. Such complete racemisation 
was not to be expected, especially in the case of silver oxide, but 
a similar case of complete racemisation is to be found in the action 
of water on Z- a-chloro- a-phenylpr opionic acid and of nitrous acid 
on l- a-amino-a-phenylpr opionic acid (McKenzie and Clough, J., 
1910, 97, 1016; 1912, 101, 390), which compounds are closely 
allied in structure to chlorotropic acid. 

The action of concentrated ammonia on ^-chlorotropic acid gave, 
on the other hand, a dextrorotatory a-amino-g-hydroxy-a-phenyl- 
propionic acid with '[a]jf = + 40*6° (c = 6*208) in hydrochloric 
acid solution. The optical purity of the amino-acid was considered 
to be high, but the complete proof that the optically pure acid was 
actually isolated was lacking owing to the difficulty of finding a 
suitable solvent for it. In the displacement of chlorine by the 
amino-group, no such extensive racemisation took place as in the 
formation of r-atroglyceric acid from d-chlorotropic acid. Explan¬ 
ation of the latter racemisation cannot be traced to the rotatory 
power of atroglyceric acid being low, as this acid is at present 
being resolved and is known to have a fairly high specific rotation. 

The conversion of r-chlorotropic acid into tropic acid by means 
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of reducing agents was not accomplished, and this is in agreement 
with the work of McKenzie and Wood (J., 1919, 115, 828), who 
found that this conversion could not be effected in the maimer 
described by Ladenburg and Rugheimer (be. tit). 

Experimental. 

Chlorotropie Acid. —Atropic acid, prepared from tropic acid by 
Raper’s method (J., 1923, 123, 2558), had m. p. 107—108° when 
recrystallised from methyl alcohol. Monochlorourea was prepared 
by Detoeuf’s method (be. cit.) and its strength estimated by titration 
with potassium iodide and thiosulphate, Atropic acid (27 g.; 1 
mol.) was mixed with 135 c.c. of water, containing 2 c.c. of glacial 
acetic acid, and monochlorourea solution (1J mols.) was added. 
With continuous stirring for 24 hours, most of the atropic acid 
went into solution, the remainder going pasty. The pasty atropic 
acid was filtered off, washed free from chlorotropie acid with water, 
and recrystallised from rectified spirit; 8 g. of atropic acid were 
recovered. The filtrate and washings were acidified with dilute 
sulphuric acid and sulphurous acid was added until no reaction 
with starch-iodide paper was shown. The excess of sulphur dioxide 
was removed by boiling and the solution extracted seven times 
with ether. Yield, 18 g. of crude chlorotropie acid. In previous 
work (Ladenburg and Rugheimer, loc. cit. ; McKenzie and Wood, 
he. cit.), chlorotropie acid was purified by washing with cold benzene, 
but it was found better to recrystallise it from chloroform. Yield, 
16 g. of chlorotropie acid, m. p. 129—130°. 

Attempted Conversion of Chlorotropie Acid into Tropic' Acid .— 
Ladenburg and Rugheimer (loc. cit.) record the reduction of chloro- 
tropic acid with zinc and iron filings in concentrated alkali, but 
McKenzie and Wood (loc. cit.) failed to effect the reduction either 
by this means or by means, of sodium amalgam, zinc and hydro¬ 
chloric acid, or caustic soda and al um ini um , 3 Q. of chlorotropie 
acid, made into a paste with 20 g. of moist copper-zinc couple, 
were treated with concentrated hydrochloric acid and the mixture 
was heated on a water-bath for 4 hours. The sludge was separated 
by decanting off the liquid, and then washed with hot water. Eour 
ether extractions of the acid liquor and washings gave a yellow oil 
which crystallised on standing. After two recrystallisations from 
hot chloroform, the crystals melted at 117—122°, but a mixture 
with pure tropic acid (in. p. 117—118°) had a m. p. 90—93°. After 
heating 3 g. of chlorotropie acid, 10 g. of copper-zinc, and 100 c.c, 
of hydrochloric acid (4Y) for 23 hours, and isolating the product 
as before, 2 g. of white solid, containing chlorine, and of m. p* 
114—116°, were isolated from the ethereal extracts* A fractional 
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crystallisation of this substance from water gave 0*7 g. of chloro- 
tropic acid (m. p. 128—130°). 3 G. of chlorotropic acid, 50 c.c. 
of water, and an excess of zinc foil were kept in a platinum basin 
for two months and then treated with an excess of dilute sulphuric 
acid. The yellow oil obtained by extraction with ether crystallised 
to give a solid, m. p. 105—117°, which contained chlorine. 

Action of Sodium Hydroxide on t-Ghlorotropic Acid .—3 G. of 
chlorotropic acid were neutralised with 155 c.c. of caustic soda 
{NjlQ) s and 154 c.c. of caustic soda further added with a drop of 
phenolphthalein. After 1 hour’s heating on the water-bath the 
colour of the indicator faded. The cooled mixture was made 
alkaline, and the neutral oil removed by extraction with ether four 
times. Yield, 0-5 g. The alkaline solution was made acid with 
dilute sulphuric acid and extracted five times with ether. From 
the dried ethereal extracts, 1*1 g. of crystalline acid were obtained, 
which furnished 0*7 g. of an acid, m. p. 141—145°, when recrys¬ 
tallised from hot ethyl acetate. A second recrystallisation from 
the same solvent gave 0*5 g. of atroglyceric acid, m. p. 145—147°, 
(Fittig and Kast, Annalen, 1881, 206, 32, give m. p. 146°} (Found: 
G, 59*3; H, 5*6. Calc., C, 59*3; H, 5*5%). 

Action of Sodium Carbonate on T-Chlorotropic Acid .—2 G. of 
chlorotropic acid were neutralised with approximately Y-sodium 
carbonate (9 c.c.), a drop of phenolphthalein was added, and a 
further 8*5 c.c. of sodium carbonate were run in. After 10 minutes 
on the water-bath, the colour of the indicator was discharged, and 
boiling was continued for 20 minutes. The cooled mixture, made 
alkaline, was extracted with ether to remove a small quantity of 
neutral oil. Five ether extractions of the acidified liquor gave 1 g. 
of solid, m. p. 130—138°, which, after recrystallisation from water, 
had m. p. 144—145°. It was chlorine-free and identified as atro¬ 
glyceric acid. 

a.-Amino-$-liydroxy-aL-plienylpropionic Acid .—A solution of 3 g. 
of chlorotropic acid in 50 c.c. of concentrated ammonia, saturated 
at 0°, was kept in a stoppered bottle for 7 days at the ordinary 
temperature, and then transferred to a crystallising dish. After 
16 hours 5 standing, 2*2 g. of an acid, washed free from ammonium 
chloride by water, were separated. The acid was chlorine-free, 
gave no ammonia with caustic alkali, and behaved as an amino- 
acid, being soluble in acid and in alkali. It was purified by dis¬ 
solving it in caustic soda and making the solution exactly neutral 
with hydrochloric acid. A yield of 1*3 g. of pure acid was obtained 
from 1*4 g. of crude acid, oc-Amino - g -hydroxy-a-phenylpropionic 
acid has m. p. 285—288° (decomp.) and is insoluble in the commoner 
organic solvents and in water (Found : C, 59*8; H, 6*0. CgHjiOgI? 
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requires C, 59*7; H, 6*1%). Its hydrochloride separates in rhombic 
prisms, m. p. 225° (decomp.). 

Preparation of Optically Active Chlorotropic Acid .—A solution of 
30 g. of chlorotropic acid in 300 c.c. of hot methyl alcohol was 
added to a solution of 45 g. of morphine in 3400 c.c. of methyl 
alcohol, and the mixture heated just to boiling. On cooling, 
crystallisation began, and after 18 hours the resulting 45 g. of very 
fine needles were dissolved by heating in 3750 c.c. of methyl alcohol. 
On concentration to 1850 c.c., the solution, after 48 hours, gave 
24 g. of crystals which we?e dissolved by heating with 2500 c.c. of 
methyl alcohol. The solution was concentrated to 1250 c.c. and 
after 24 hours 15 g. of morphine chlorotropate, crystallising in fine 
needles, were separated. The acid was obtained by acidification 
with dilute sulphuric acid and extraction with ether. Yield, 5*8 g. 
with [a]if* = + 11*2° (c = 3*5565) in methyl alcohol. Three 
successive crystallisations of this dextro-acid from chloroform gave 
acids with the following rotations in methyl alcohol: [a]g* = 
+ 12*0° (e = 3*052), [a]g* = + 12*5° (c = 3*1245), [aJT = + 12-6° 
(c = 3*025). The pure ^-chlorotropic acid has therefore [a]if = 
+ 12*6° (c = 3*025) in methyl alcohol. It melts at 123—124° 
(Found : C, 53*8; H, 4*5. C^OsCl requires C, 53*8; H, 4*5%). 
The first mother-liquor in the resolution was evaporated to small 
bulk, and 29 g. of morphine salt were separated. This was re- 
crystallised five times from methyl alcohol, and the resulting salt 
on decomposition gave 1 -chlorotropic acid with [a]g* = — 12*4° 
(c = 3*586) in methyl alcohol. 

Action of Sodium Carbonate on d- Chlorotropic Acid .—1 G. of 
dextrorotatory chlorotropic acid, with [a]Jf = + 10*3° in methyl 
alcohol, was neutralised with 7*4 c.c. of sodium carbonate (0*5745Y) 
and 7*2 c.c. of the alkali were further added, with a drop of phenol- 
phthalein. After heating for 10 minutes on the water-bath, the 
solution became colourless; it was made alkaline, and the neutral 
oil removed by extraction with ether. The solution was acidified 
with dilute sulphuric acid, and the acid extracted with ether. 
0*3 G. of chlorine-free solid was obtained. This was atroglyceric 
acid and it was quite inactive (c = 2*618) in methyl alcohol. 

Action of Silver Oxide on d -Chlorotropic Acid .—1 G. (1 mol.) of 
dextrorotatory chlorotropic acid with [a]5f = + 10*3 in methyl 
alcohol, and the silver oxide obtained from 1*7 g. (2 mols.) of silver 
nitrate by precipitation with caustic soda, were mixed with 50 c.c. 
of water and stirred mechanically for 2 hours. After 60 hours at 
the ordinary temperature, the mixture was heated for J hour, and 


the silver chloride removed by precipitation with hydrochloric acid. 
By extraction of the filtrate with ether 0*2 g. of solid, m. p. 143—^ 
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146°, was obtained. A mixture of this with atroglyeeric acid had 
m. p. 143—145°, and therefore the substance was atroglyeeric acid. 
It was completely inactive (c = 1*764) in methyl alcohol. 

Action of Aqueous Ammonia on d-Chlorotropic Acid .—A solution 
of 1 g. of cZ-chiorotropic acid with [a]g* = + 12*6° in methyl 
alcohol, in 10 c.c. of concentrated ammonia, saturated at 0°, was 
kept in a stoppered bottle for 10 days and then transferred to a 
crystallising dish. After 3 days, all the solvent had evaporated 
and the remaining solid was washed free from ammonium chloride 
and dried. Yield, 0*6 g. of a - amino - t S -£ydr oxy- a-phenylpr opionic 
acid. The rotation of the amino-acid was [a]Jf = + 40*6° in 
A-hydrochloric acid (c = 6*208). Failure attended the attempts 
to raise the rotation of this acid, either by repeated precipitation 
from its solution in caustic soda by means of hydrochloric acid, or 
by recrystallisation from concentrated aqueous ammonia. A 
saturated solution of ammonia in sec.-octyl alcohol does not convert 
chlorotropic acid into the corresponding amino-acid. 

The author desires to thank the Carnegie Trust for a grant which 
defrayed part of the cost of the material used, and to acknowledge 
the helpful interest shown by Professor A. McKenzie, F.B.S. 

University College, Dundee, 

University oe St. Andrews. {Received, June 11th, 1927.] 


CCLIII .—Methylmercurie Halides and Hydroxide . 

By Leonard Eeic Hinkel and Thomas Hubeb Angel. 

An attempt to repeat Marvel and Gould’s preparation of methyl- 
mercuric iodide by the action of magnesium methyl iodide upon 
an excess of mercuric chloride suspended in ether (J. Amer. Chem . 
Soc 1922, 44, 153) resulted only in the production of the double 
compound CH 3 *HgCl,2CH 3 *HgI and a small quantity of methyl- 
mercuric chloride. If the Grignard reagent was added very slowly 
to the suspension of mercuric chloride, a copious precipitate of 
mercuric iodide soon formed, which readily dissolved on further 
addition of the reagent. The formation of mercuric iodide can 
be explained by assuming that the methyknercuric iodide pro¬ 
duced by reaction (1) reacts with the excess of mercuric chloride 
in accordance with equation (2). 

CH 3 -MgI + EgGl, = CHg-Hgl + MgCL 2 ... (1) 
2CH 3 *HgI + HgCL, = 2CH 3 -H g a + Hgl*. . . (2) 

In support of this assumption, it was found that the latter reaction 
occurs readily in alcoholic or ethereal solution. The subsequent 
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solntion of mercuric iodide on further addition of the Grignard 
reagent is explained by their interaction as represented by the 
equation (3). 

CH 3 -MgI + Hglg = CH 3 'HgI + Mgl 2 . . . (3) 

This reaction proceeds smoothly and serves as a convenient 
method for the preparation of methylmercurie iodide in quantity. 
The fact that the double compound CH 3 *HgCl ; 2CH 3 *HgI was 
obtained instead of methylmercurie iodide in the repetition of 
Marvel and Gould’s experiment adds further support to the above 
assumption, since it was observed that from a hot alcoholic solution 
of methylmercurie chloride and iodide the stable double compound 
crystallised on cooling. The double compound is converted by 
mercuric chloride into methylmercurie chloride, and it is probable 
that the small amount of the latter which was found associated with 
the double compound in the original reaction product owed its 
origin to this cause, since the amount formed increased with the 
excess of mercuric chloride originally employed. From a con¬ 
sideration of these facts, it would appear impossible to obtain 
methylmercurie iodide under the conditions of Marvel and Gould. 

Methylmercurie hydroxide has long been known in solution 
(Frankland, Annalen, 1853, 85, 368; Dunhaupt, ibid., 1854, 92, 
381; J. pr. Chem ., 1854, 61, 399; Crymble, J., 1914, 105, 666), 
but it was first isolated in the solid form by Sneed and Maynard 
{J. Amer. Chem. Soc ., 1922, 44, 2946} from methylmercurie iodide 
and moist silver oxide in the presence of a small amount of alcohol. 

Sneed and Maynard’s method of purification of the base— 
precipitation from saturated alcoholic solution with a large excess 
of dry ether—is very wasteful, for large quantities of ether are 
necessary, the base undergoes much decomposition in its presence, 
and five repetitions of the process do not effect complete purific¬ 
ation (m. p. 104°). A method is now described whereby the purific¬ 
ation can be efficiently and rapidly achieved without loss of material. 
The pure base so obtained differs from that prepared by Sneed 
and Maynard both in melting point and in solubility. 

Experimental. 

Action of Magnesium Methyl Iodide on Mercuric Chloride .—The 
Grignard reagent prepared from 2*4 g. of magnesium was added to 
30 g. of finely powdered mercuric chloride suspended in 250 c.c. of 
dry ether under the conditions described by Marvel and Gould 
{foe. cit.). The crude product was crystallised from hot thiophen-free 
benzene and then fractionally from methyl alcohol, the less soluble 
mercuric iodide and methylmercurie chloride being thereby removed; 
the final product was obtained in small, pearly leaflets* m. p. 129° 
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(Found : Cl, 4*0; 1,27-1. G^ClL^Sg^ requires Cl, 3*8; I, 27*0%). 
The double compound differs from methylmercuric chloride in 
having a much more intense and unpleasant odour. 

Methylmercuric iodide was prepared under the conditions previ¬ 
ously described, mercuric chloride being replaced by the equivalent 
amount of mercuric iodide. The product crystallised from methyl 
alcohol in transparent, rectangular plates melting at 145° and not 
143° as stated in the literature (Found: I, 36-9. Calc.: I, 37*05%). 

Metkylmercuric Hydroxide .—Methylmercuric iodide (10 g.) in 
50 c.c. of methyl alcohol and 2 c.c. of water was mechanically 
agitated for 3 hours with 7 g. of moist silver oxide containing 34% 
of water. The filtered solution was evaporated to dryness in a 
vacuum at 40°, the white residue warmed to 30° with 20 c.c. of 
chlorobenzene, in which it was very sparingly soluble, and alcohol 
added until solution was just effected, the temperature being kept 
at 30°; the alcohol was then removed in a vacuum over sulphuric 
acid, and the base, which separated in small crystals, was drained 
from the chlorobenzene and washed with light petroleum (previ¬ 
ously treated with alcoholic potassium hydroxide to remove sulphur 
compounds, since these react readily with methylmercuric 
hydroxide). This process of purification was repeated several times; 
the base then obtained, after drying in a vacuum, melted at 106° 
(Found, by Rupp and Noll’s method, Meyer’s ee Lehrbuch der 
Organisch-Chemischen Methodik,” 1922, p. 359: Hg, 86*0. Calc. 
for^CH 4 OHg: Hg, 86*2%). The pure base forms white crystals 
with a pearly lustre having a faint, unpleasant odour. It decom¬ 
poses slowly on standing, more rapidly in presence of ether. When 
heated above its melting point, it partly decomposes and then 
detonates violently. Contrary to the statements of Sneed and 
Maynard, it is very sparingly soluble in cold benzene, toluene, 
carbon tetrachloride, and light petroleum. 

The authors desire to thank Professor J. E. Coates for his constant 
help and interest in this investigation. 

University College, Swansea. [Received, June 1st , 1927.] 


GGL1V—The Alkaloids of Pieralima Klaineana. 

By Thomas Anderson Henry and Thomas Marvel Sharp. 

In December, 1923, we received from the Imperial Institute a 
supply of “ Akua mm a ” seeds which had been forwarded by the 
Department of Agriculture in the Gold Coast Colony, accompanied 
by herbarium specimens of the plant, which had been identified 
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by the Director of the Royal Botanic Gardens, Kew, as those of 
Picralima Klaineana, Pierre. A full account of the botany of the 
plant and of the use of the seeds as a febrifuge in native medicine 
has been published by Holmes (Pharm. J., 1915, 41, 758; 1922, 55, 
478). Last year Frere Just Gillet, Curator of the Botanical Gardens 
at Kisantu, Belgian Congo, sent us a small supply (300 g.) of seeds 
which also were identified at Kew as derived from a species of 
Picralima, probably P. Klaineana . In spite of its reputation as the 
source of a useful drug, at least among African natives, P. Klaineana 
does not seem to be widely distributed and Frere Gillet reports that 
he had to make a tedious journey of some 30 leagues to collect 
his small sample. We are therefore the more indebted to the 
authorities of the Imperial Institute and in particular to the officers 
of the Department of Agriculture in the Gold Coast Colony, for the 
supplies of seed we have examined. 

Beyond the preliminary work referred to in the articles by Holmes 
(loc. cit.), there appeared, when we began this work, to be no record 
of the chemical examination of any species of Picralima , but two 
papers have been published recently by dinquart (Bull. Acad. Boy. 
Med. Beige , 1926, 492; J. Pharm. Belg 1927, 9, 187) giving results 
of a preliminary examinatiorl of the seeds, bark and leaves also 
supplied by Frere Gillet. Clinquart obtained a few centigrams of a 
crystalline alkaloid, m. p. 242—243°, and a large amount of an 
amorphous alkaloid. The behaviour of these two alkaloids with 
the usual precipitants and colour-producing reagents is described, 
but no attempt is made to characterise either alkaloid or its salts 
in detail. In view of the publication of these two papers it has been 
considered desirable to place on record the data now presented. 
The seeds of P. Klaineana contain at least four alkaloids, two of 
which have been crystallised. Only one of these has so far been 
obtained in sufficient quantity for characterisation and this, which 
is no doubt identical with Clinquart’s crystalline base, it is proposed 
to call akuammine from “ akuamma,” one of the native names of 
P. Klaineana in the Gold Coast. Akuammine has the formula 
C 22 H 28 0 4 N 2 , yields a series of well-crystallised salts, gives a number 
of characteristic colour reactions with aromatic aldehydes in presence 
of hydrochloric acid, and contains one methoxyl, one hydroxyl, and 
one methylimino-group. The last probably represents a tertiary 
nitrogen atom, since akuammine furnishes a well-crystallised 
monomeihiodide, which decomposes on heating, evolving a fishy 
odour, doubtless due to dimethylamine. The alkaloid does not 
react with semiearbazide or other reagents for carbonyl groups and 
no evidence of a methylenedioxy-group is afiordedwith GaebeTs 
reagent. The state of the remaining nitrogen has not been ascer- 
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tained; on treatment in hydrochloric acid solution with sodium 
nitrite, a scarlet hydrochloride is formed, which does not give 
Liebermarurs nitrosoamine reaction and appears to be a nitro- 
derivative of akuammine. Akuammine is converted by alkalis 
under certain conditions into a monohydrate, which crystallises 
with some difficulty. The latter is also formed on hydrolysis of 
acetyl akua mmin e by alkali, and an O-methyl derivative of the 
monohvdrate appears to be produced when akuammine is treated 
with methyl iodide in presence of alkali. One or both of the 
remaining oxygen atoms are no doubt involved in these changes. 

The other three alkaloids, referred to subsequently as A, B, and D, 
we propose to examine fully as soon as material is available. Names 
are not suggested for them, as they may prove to be related to 
akuammine, in which case it may not be necessary to add to the 
already large trivial nomenclature of alkaloids. Alkaloid D is 
remarkable in having a specific rotation of —737° in alcohol or 
chloroform. Neither A nor B has yet been obtained crystalline. 

Both the Congo and the Gold Coast seeds yield akuammine and 
alkaloids A and B, but only one sample of Gold Coast seeds has so 
far yielded alkaloid D. 

Experimental, 

The finely ground seeds were extracted in a copper Soxhlet 
apparatus first with petroleum, b. p. 60—80°, to remove fat and 
then with 96% alcohol. The alcoholic extract was taken to dryness 
under reduced pressure, and the residue treated with successive 
quantities of 2% hydrochloric acid until alkaloid was no longer 
removed. The mixed acid liquors were shaken out with ether 
to remove resinous and waxy impurities and then diluted with water 
until no further precipitation took place. The precipitate at this 
stage consists of a weakly basic alkaloid or mixture of alkaloids (A), 
from which no crystalline material has so far been obtained. The 
filtrate from this was digested with charcoal for 1 hour on a water- 
bath, filtered, allowed to cool, and then treated with saturated 
sodium carbonate solution in excess; this precipitated a mixture 
of alkaloids as a brown powder, which was collected, washed with 
hot water, and dried in a vacuous desiccator. The dry mixture 
was then extracted with ether in a Soxhlet apparatus and so separated 
into a further quantity of material apparently identical with (A), 
which remained undissolved in the extractor, and a partly crystalline 
powder, which gradually accumulated in the extraction flask. 
When the ether ceased to extract alkaloid, the solvent was distilled 
off and the dry residue macerated with twice its weight of alcohol, 
which dissolved a second amorphous alkaloid (B), and left a partly 
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crystalline residue of crude akuammine (alkaloid C). The latter 
was collected, washed with a little alcohol, allowed to dry in the 
air, and then treated with a slight excess of A r -sulphuric acid (2*8 c.c. 
approx, per gram) and sufficient water to dissolve it on boiling. 
The hot solution was treated with charcoal and filtered. On cooling, 
thin, colourless needles (m. p. 214—218°) of crude akuammine 
sulphate separated. The mother-liquor on concentration in a 
vacuous desiccator deposited more of the same sulphate, but finally, 
dried up to a brown varnish. From this, by solution in dry alcohol, 
a further crop of akuammine sulphate can be obtained, but eventually 
an amorphous residue of the sulphate of alkaloid B is left. If 
ammonia solution is used in place of sodium carbonate for precipit¬ 
ation, the residue left after the removal of most of the akuammine 
sulphate sets to a jelly due to the presence of the sulphate of a 
hydrate of akuammine formed by the action of ammonia on this 
alkaloid as described later (p. 1958). 

The cold alcoholic extract of the ether-soluble portion of the 
precipitated alkaloids was taken to dryness under reduced pressure, 
dissolved in sufficient iV-kulphuric acid to form a faintly acid solution, 
and to this was added a saturated aqueous solution of sodium 
iodide in water until no further precipitation occurred. After 
standing for a week, the clear liquor was poured ofi and the mi xture 
of tar and crystalline matter that had separated was triturated 
with a little cold absolute alcohol, which dissolved the tar and left 
a smaE quantity of akuammine hydriodide. The alcoholic washings 
were added to the mother-Hquors, and the whole was fractionaHy 
precipitated with sodium carbonate solution, the first few drops of 
precipitant serving to remove a dark brown, sticky base, from 
which a clear pale yeEow mother-Equor was poured off. This on 
further addition of sodium carbonate solution yielded the crude 
alkaloid (B) as a pale yellow powder, m. p. 104° (air-dry) or 167° 
(dried in a vacuum). 

The seeds received from the Imperial Institute consisted of 
several samples coUected at different times, and from one of these, 
on recrystallisation of the crude akuammine sulphate as described 
above, the first fraction consisted of the weE-crystallised sulphate 
of alkaloid (D) (p. 1958). As only 2 g. of this alkaloid have been 
obtained, it has been considered advisable to conserve it for the 
present and only to make such observations upon it as would not 
entaE the loss of material. It is therefore only possible to put 
its chief characteristics on record. 

The quantity of alkaloids present in P. Klaineana seeds is more 
than 5%, but the exact amount cannot be determined by any of 
the ordinary methods of estimation, because the alkaloids cannot 
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be precipitated completely from solution in acids by alkalis, nor 
can the alkaloid left in such alkaline filtrate be completely removed 
by any of the ordinary immiscible solvents. The yield of crude 
akuammine is about 0*6%. The four alkaloids are readily differ¬ 
entiated by their physical properties and colour reactions. Alkaloid 
A is insoluble in all ordinary solvents except acids and alkalis, and 
from these it is precipitated on dilution with water. Alkaloid 
B is readily soluble in all ordinary solvents except water, and 
solutions of its salts, unlike those of any of the other three, give 
an intense indigo-blue colour with ferric chloride. Akuammine 
(alkaloid C) dissolves in concentrated sulphuric acid without color¬ 
ation, but gives an intense blood-red colour, stable for several days, 
with nitric acid. The second crystalline alkaloid (D) gives no 
colour with sulphuric acid but a vivid green, fading to yellow in a 
few hours, with nitric acid. 

In the following descriptions, the e< melting points ” are corrected; 
in each case, except for akuammine hydrate, they are points at 
which the substance froths up the tube. The temperature at 
which this occurs varies with the rate of heating, e.g., pure akuammine 
hydrochloride can be made to melt and decompose at any temper¬ 
ature from 215° to 227°. The melting points recorded for the base 
and its salts were taken alongside the pure hydrochloride, melting 
at 227°, so that they are comparable among themselves. The 
optical rotations are for the dried substance in each case. 

Akuammine (Alkaloid C). 

The base is prepared by adding excess of sodium carbonate 
solution to a warm, aqueous solution of a purified salt. It is 
sparingly soluble in cold alcohol, but once dissolved in boiling 
alcohol it crystallises from the latter only by spontaneous evapor¬ 
ation in minute, colourless needles, m. p. 255°, [a]?;' —66*7° (in 
alcohol; c = 0*504) or —73*4° (in chloroform; c = 0*8716). It 
is rather more soluble in chloroform and sparingly soluble in acetone 
or ether (Found : 0,69*0,69*1; H, 7*2,7 0; N, 7*5. 
requires 0, 68*7; H, 7*3; N, 7*3%). 

Akuammine hydrobromide , prepared like the sulphate (see above), 
separates from dilute hot aqueous or alcoholic solutions in faintly 
grey, long, slender prisms, or from concentrated solutions in the 
same solvents in small needles, m. p. 228°, [a]ff —26*05° (in water; 
c = 0*6076). The air-dry salt loses in a vacuous desiccator 3*61% 
and no further loss takes place in a vacuum at 100°. (Calc, for 
C 22 H 2S 0 4 lSl2 J HBr,H 2 0 : HgO, 3*7%. Found for dry salt: C, 56*1, 
56*3; H, 6*0, 6*1; Br, 16*6. C^H^O^.HBr requires C, 58*7; 
H, 6*3; Br, 17-1%). The hydrochloride closely resembles the 
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hydro bromide in appearance, but is of paler colour and rather 
more soluble in water or alcohol. It has m. p. 227° and [a]jf 
—26-6° (in water; c = 0*8769) or —32*8° (in alcohol; c = 1*716) 
and crystallises with one molecule of water (Found: loss in a 
vacuum at 120°, 4*0. C 22 H 28 0 4 N 2 j HC1 j H 2 0 requires HgO, 4*1%. 
Found for dry salt: 0,62*5,62*6; H, 6*9, 6*7; N,7*l; 01,8*5,8*4. 
C^HsgO^HCl requires C, 62*7; H, 7*0; N, 6*6; 01, 8*4%). The 
sulphate , prepared as described above, crystallises from hot water 
or hot alcohol in rosettes of flattened needles, which rapidly become 
red on exposure to light. It melts at 221° and has [«]p’ —40*3° 
(in water; c = 2*0868). The salt is abnormal in composition, 
crystallises with 10 molecules of water of crystallisation, of which 
9 are lost at atmospheric temperature in a vacuous desiccator over 
calcium chloride. Loss (a) from air-dry salt at 100° in a vacuum, 
11*5; ( b) from salt previously dried to constant weight in a vacuous 
desiccator, 1*8. (C 22 H 28 0 4 h[ 2 )3 3 2H 2 S0 45 for lOHgO, requires H 2 0 

11*8%, and for 1H 2 0 1*3% [Found for dry salt: C, 58*8; H, 6-7; 
S, 4*45. (C 22 H 28 0 4 N 2 ) 3 ,2H 2 S0 4 requires C, 58*7; H, 6*5; S, 4*7%]. 
This may be a double compound consisting of one molecule of the 
acid salt with one molecule of the normal salt (BjE^SC^; B 2 ,H 2 S0 4 ). 
In this connexion, it may be noted that another dibasic acid, viz., 
oxalic acid, yields at least three salts, which, however, have not 
been satisfactorily separated. 

The hydriodide is precipitated as a crystalline powder on adding 
potassium iodide to even a dilute solution in water of any soluble 
salt of akuammine. It cannot be crystallised from hot water 
without decomposition, but separates from hot alcohol in anhydrous, 
minute, pale grey needles, m. p. 226° (Found: C, 52*0; H, 6*0. 
requires C, 51-5; H, 5-7%). 

The nitrate, also prepared by precipitation, crystallises from 
boiling alcohol in pale cream-coloured needles, m. p. 224°. The 
thioepbaaie, similarly prepared, crystallises from alcohol in pale 
greyish needles, m. p. 218°. The perchlorate, precipitated by addition 
of sodium perchlorate to a solution of the hydrochloride in water, 
crystallises from hot alcohol in colourless, spheroidal granules, 
m. p. 215°, if the solution is concentrated, and from more dilute 
solutions in colourless needles also melting at 215°. This salt 
becomes pink on exposure to air and resinous after several crystallis¬ 
ations from boiling alcohol. The picrate crystallises from hot 
alcohol in rosettes of brilliant yellow needles, m. p. 199°. The 
picrolonate, precipitated in minute, yellow needles, darkens \ at 
160° and froths at 194°. On dissolution in hot alcohol it deposits 
a deep blue dye. :v^iiS 

No ehloroaurate has been prepared, as akuamjmine hydxO{ddoc»^ s 
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reduces gold chloride immediately. It also reduces platinic chloride 
and silver nitrate in the cold and Fehling’s solution on warming. 

Methoxyl and methylimino-groups, Determinations of these 
groups were made on the base and the hydrochloride (Found for 
base : MeO, 8*87; NMe, 8*2. Calc, for MeO, 8*0 and for Mde, 7*5%. 
Found for hydrochloride : MeO, 7*73; NMe, 6*6. Calc, for MeO, 
'7*4 and for NMe, 6*9%). 

Akuammine hydrochloride gives (1) a rose-red colour with 
vanillin, or piperonal in presence of hydrochloric acid, (2) a yellowish- 
brown colour with dimethylaminobenzaldehyde (Ehrlich’s reagent), 
changing on long standing to red with a green fluorescence, (3) with 
bromine water a pink colour, the solution becoming cloudy on 
further addition of bromine. 

Action of methyl iodide on akuammine. The pure base does not 
dissolve in methyl iodide, but when suspended in the reagent the 
latter gradually contracts in volume and in about 2 days conversion 
into a monomethiodide appears to be complete. This separates from 
solutions in hot methyl alcohol in rosettes of colourless prisms, 
m. p. 274°. On melting, the substance froths vigorously and gives 
off a vapour with a fishy odour, probably due to dimethylamine. 
The methiodide in solution gives no precipitate with alkali hydroxides 
or carbonates and is therefore the iodide of a quaternary base (Found: 
C, 52*7; H, 5*7; 1,24*4; MeO, 6*8; NMe, 9*7. C 22 H 28 0 4 N 2 ,CH 3 I 
requires C, 52*4; H, 5*9; 1,24*1; MeO, 5*9; 2NMe, 11*1%). The 
results for methoxyl are high and those for methylimino-groups low* 
In carrying out these estimations, it was noticed that elimination 
of methyl iodide in the second stage (methylimino-determination) 
began at the low temperature of 180°, immediately after addition 
of ammonium iodide, so that it appears likely that part of the 
methyl iodide collected in the earlier stage (methoxyl determin¬ 
ation) is really due to methylimino-groups. The total amount of 
methyl iodide formed in the estimation, calculated from the amount 
of silver iodide weighed, was 79*07 %, whilst there should be formed, 
assuming the presence of one methoxyl and two methylimino- 
groups, 80*9%. Cases in which there is no sharp distinction between 
the conversion of methoxyl and methylimino-groups into methyl 
iodide in such estimations have been observed previously, e.g., in 
ergotoxine (Barger and Ewins, J., 1918, 113, 235; a summary of 
literature on this subject is given on page 237). 

Action of methyl iodide and alkali on akuammine . Akuammine 
base (1 g.) was dissolved in N -sodium methoxide solution in methyl 
alcohol (2*7 c.c.), and methyl iodide (4 c.c.) was added. This 
mixture, after standing for 4 days, was boiled for 4 hours. The liquid 
was taken to dryness under reduced pressure, and the residue 
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dissolved in boiling water, from which it separated on cooling as a 
colourless oil. The solution in water gives a precipitate of a new 
oily base on addition of sodium carbonate or alkali hydroxide. 
Neither the base nor any of its salts, except the picrate, have so 
far been induced to crystallise. The picrate is precipitated on 
adding picric acid in methyl alcohol to a solution of the base or the 
hydriodide in the same solvent, and can be crystallised either from 
boiling water or from methyl alcohol, producing in the former case 
canary-yellow needles or rosettes of needles and in the latter bronze- 
tinted, dense rosettes of prisms, both forms melting at 205° (Found : 
MeO, 10-0; NMe, 6*0. C 22 H290 5 N 2 -CH3,C 6 H 3 0 7 N 3 requires 2MeO, 
9*6; NMe, 4*5%). These results agree with the assumption that 
in this reaction the akuammine is first hydrated by the alkali (see 
below) and that the hydrate undergoes O-methylation either on the 
hydroxyl group originally present in akuammine or on a new group 
formed in the hydration. 

Acetylation of almammine. The pure base (3*8 g.) was boiled for 
5 minutes with acetic anhydride (10 c.c.), the solution left to cool, 
and the excess of reagent removed by distillation under reduced 
pressure. The residue was dissolved in water, the liquid poured 
into sodium carbonate solution, and the precipitate collected, sucked 
dry on the filter, and dissolved in the minimum quantity of boiling 
alcohol, from which it separated on cooling in rosettes of colourless 
prisms (yield, 2*4 g.), m. p. 226°. The melting point was not changed 
by recrystallisation. The concentrated mother-liquors, which had 
ceased to deposit crystals, were taken to dryness, the residue was 
dissolved in four times its weight of boiling i^/2-hydrobromic acid, 
and the solution filtered hot. On cooling, it deposited a silky 
mass of hair-like needles, m. p. 236°, of acetylakuammine hydro- 
bromide (yield, 1*1 g.), the melting point of which remained un¬ 
changed on recrystallisation. This hydrobromide on solution in 
boiling water and precipitation with sodium carbonate solution 
furnished the pure base , m. p. 226°. From the mother-liquors of 
the hydrobromide the rest of the acetylated base was precipitated as 
the picrate (0*5 g.), which crystallised with difficulty from con¬ 
centrated solutions in methyl alcohol, in gelatinous masses of 
rosettes of minute, yellow needles, m. p. 168° after drying in air. 
The acetylated base becomes pink on exposure to air and has [ajg* 
—52*08° (c = 0*64 in alcohol) (Found for the base : C, 67*5, 67*45; 
H, 6*9, 6*7; MeO, 9*3; NMe, 6*9; acetic acid formed on alkaline 
hydrolysis, 13*1. C 22 H 27 0 4 N 2 *C0*CH 3 requires C, 67*6; H, 7*1; 
MeO, 7*3; NMe, 6*8; acetic acid, 14*1 %. Found for hydrobromide: 
C, 57*3, 57*1; H, 5*9, 6*0; Br, 15*95. C^H^O^OO-C^HBr 
requires C, 56*8; H, 6*2; Br, 15*75%). v - 
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The base recovered from the acetic acid estimation appeared to 
be akuammine hydrate, m. p. above 300° (see below). 

Action of alkalis on akuammine . Akuammine dissolves slowly 
in solutions of ammonia or alkali hydroxides, forming in the course 
of a few days dark brown liquids, which on neutralisation by acids 
deposit precipitates of a mixture of bases. For the examination 
of these products it has been found most convenient to treat aku¬ 
ammine with a known quantity of a normal solution of sodium 
ethoxide in alcohol, in which it dissolves immediately, keep the 
solution for several days, remove the alcohol, and treat the residue 
with water; the sodium derivatives presumably first formed and 
stable in alcohol are then almost completely dissociated, leaving a 
dark brown precipitate. The latter on digestion first with alcohol 
and then with chloroform is obtained as a nearly colourless powder, 
which does not sinter up to 300° and after heating to this temper¬ 
ature can usually be shaken out of the melting point tube as an 
orange-brown powder. The product is insoluble in all ordinary 
solvents, and is finally purified by dissolving it in a known quantity 
of sodium ethoxide in alcohol, adding sufficient alcohol to dilute 
the solution to a concentration of about 1 part in 5 parts, and then 
neutralising the filtered liquid with the calculated quantity of 
N /2-acetic acid; after a few minutes, practically the whole of the 
product crystallises in small, spheroidal granules of minute needles, 
which do not sinter or melt up to 310°. It dissolves immediately 
in solutions of ammonia or alkali hydroxides, but such solutions 
gelatinise when carbon dioxide is passed into them: the jelly can 
be filtered out and dries up to a brown powder having the characters 
of the original substance. The product appears to be an akuammine 
hydrate formed by addition of a molecule of water to akuammine 
(Found: 0, 65*0, 65*1; H, 6*9, 6*8. C 22 H 2S 0 4 N 2 ,H20 requires C, 
65*6; H, 7*5%). The yield in the above process has varied from 
15 to 41% of the akuammine used. The by-products soluble in 
alcohol and chloroform are brown, amorphous substances soluble 
in alkalis, but they also form salts, e.gr., hydrobromides, which are 
sparingly soluble in cold water or saline aqueous solutions but very 
readily soluble in alcohol, acetone, or chloroform. 

Base D. 

The akuamma seeds used for this work consisted of a number of 
samples and from one of these the crude alkaloidal sulphates, 
prepared as described on p. 1953, on recrystallisation from water 
gave a fraction crystallising in colourless, transparent, flattened 
cubes. This sulphate, m. p. 161°, [a]5f 5# — 594*1° (c = 0*4226 in 
%ater) or —539*8° (c = 0*2860 in water), contains 8*9% of water 
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of crystallisation, of which 2*4% is lost in a vacuous desiccator at 
atmospheric temperature. The base , obtained by adding sodium 
carbonate solution to an aqueous solution of the sulphate, crystallises 
from hot alcohol in brilliant, colourless leaflets, m. p. 177*5°, [a]g‘ 
—737*5° (c = 0*4932 in alcohol), —737*7° (c = 0*3504 in chloroform). 
The nitrate forms colourless needles, m. p. 180—181°. The picraie 
can be crystallised by dissolving it in boiling chloroform and adding 
an equal volume of boiling alcohol. From this mixture on cooling, 
it separates in dull yellow needles, m. p. 169°. 

Base D gives a grass-green coloration when a mere trace is added 
to a drop of concentrated nitric acid. Like akuammine, it gives 
colours with aromatic aldehydes in presence of hydrochloric acid, 
viz., indigo-blue with vanillin and magenta with piperonal, both 
changing to bright ultramarine-blue after a few days and remaining 
stable for at least 14 days. The alkaloid gives no coloration with 
Gaebel’s test for methylenedioxy-groups. 

The authors are indebted to the late Mr. S. E. Pusey and to Messrs. 
L. Barnett and H. G. Clarke for much assistance in the extraction 
of the alkaloids and in the analyses of the various preparations 
described. 

Wellcome Chemical Research Laboratories. 

[Received, Judy lltfi, 1927.] 

--- * 

CCLV .—The Isomerism of the Oximes. Part XXXI. 
The Furfwraldoximes and 2-Methoxy- and 4- 
M ethoxy- 1-naphthaldoximes. 

By Oscar Lisle Brady and Richard Frank Goldstein. 

The greater part of the study of the aldoximes from the point 
of view of stereoisomerism has been .devoted to those in which the 
aldoximino-group is attached to the benzene ring. The stability 
of the a-isomeride in the benzaldoximes, in contrast with the 
aliphatic aldoximes where the p-form is the normal product, makes 
it of some interest to consider the effect of other ring systems 
on the relative stability of the two isomeiides. The case of furfur- 
aldoxime is of historic importance, since this was the first aldoxime 
to be obtained in two forms (Odemheimer, Ber. } 1883,16, 2988). 
Goldschmidt and Zanoli (Ber.-, 1892, 25, 2573) also prepared the 
two isomerides and determined their configuration, but thought 
they found indications of abnormal behaviour, since in the .acetyl¬ 
ation of the a-oxime and subsequent hydrolysis some fiirfuroiiifeile 
and a mixture of the two oximes were obtained. Simifarlyy M&ttuaa* 
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{Gazzetta, 1896, 26, i, 463) obtained a mixture of oximes on 
hydrolysis of benzoyl-a-furfuraldoxime. 

This work has now been repeated and the origin of the difficulties 
of previous workers traced to the fact that the a-oxime in the 
presence of hot solvents is partly converted into the P-isomeride, 
a phenomenon never observed in the benzaldoximes. With care, a 
crystalline acetyl-a-furfuraldoxime can be prepared; this on 
hydrolysis gives nearly pure a-furfuraldoxime, which can also be 
obtained by hydrolysis of the benzoyl compound and isolation of 
the oxime by special means. (3-Furfuraldoxiine is obtainable under 
conditions which will not give (S-benzaldoxime, being much more 
stable than that compound. The furfuraldoximes accordingly 
occupy an intermediate position between the benzaldoximes and the 
aliphatic aldoximes. 

No oximes of the naphthalene series have been investigated from 
the point of view of the stereochemical hypothesis, so 2-methoxy-l- 
naphthaldoxime and 4-methoxy-l-naphthaldoxime have now been 
studied. The products of oximation have the a-aldoxime structure 
and we have been unable to convert either into the (3-isomeride. 
As they may both be regarded as o-substituted benzaldoximes, t his 
was not unexpected. On methylation of 2-methoxy-1 -n&phthaldox- 
ime, a mixture of N- and O-ethers was obtained, the former pre¬ 
dominating ; 4-methoxy-l-naphthaldoxime gave a mixture of about 
equal amounts of N- and O-ethers. Both oximes therefore differ 
markedly from the a-benzaldoximes in the relative amounts of 
A- and O-ethers produced on methylation. 

} 

Experimental. 

a -FurfuraMoxime .—Furfur aldehyde (13*5 g.) was added slowly 
to a cold mixture of sodium hydroxide (14 g. in 15 c.c of water) and 
hydroxylamine hydrochloride (12 g. in 30 c.c. of water). After 
1 hour, the solution was filtered and cooled in a freezing mixture 
and a slight excess of an ice-cold, saturated aqueous solution of 
ammonium chloride was slowly added with stirring. The crystalline 
precipitate was washed with a little ice-cold water and air-dried. 
The yield of crude oxime (m. p. 51—64°) was 11*5 g. After crystal¬ 
lising three times from benzene and light petroleum, 4 g. of pure 
a-oxime were obtained, m. p. 75—76° (Goldschmidt and Zanoli, 
loo. cit. } give 73°). The details must be carefully followed, otherwise 
an inseparable mixture of the two isomerides may be obtained. 
In one experiment, a crude oxime, m. p. 42—45°, was obtained 
and repeated crystallisations failed to raise the melting point above 
-46—52°. It is probable that the material (m. p. 49—56°) obtained 
by Gderaheimer (loc. cit.) was a similar mixture. When the pure 
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g-oxirae (0*5 g.) was boiled with benzene (20 c.c.) under reflux for 
4 hours and the solvent evaporated, a product, m. p. 47—48°, was 
obtained which was apparently a mixture of the a- and (3-isomerides, 
since the addition of either raised its melting point. 

A cetyl- oL-ftirfuraldoxime. —a-Furfuraldoxime (2*5 g.) was slowly 
added to acetic anhydride (12 c.c.), and warmed to 30°; it then 
dissolved. On decomposing the excess of anhydride with 2j\ T -sodium 
carbonate, crystals separated which were collected, air-dried, and 
dissolved in warm light petroleum ; on cooling the solution to — 20° 
or — 40°, acetyl-a-furfuraIdoxime separated in colourless prisms, 
m. p. 34—35° (Found: N, 9*4. C-jH^OgN requires N, 9*2%). 
The acetyl derivative was warmed with 2iV-sodium hydroxide 
until it dissolved; there was no odour of furfuronitrile. On cooling 
the solution, adding saturated ammonium chloride solution, extract¬ 
ing the mixture twice with ether, and evaporating the solvent with 
a current of air, an oxime was obtained which, after being pressed 
on a porous tile, melted at 69—72° and was nearly pure a-oxime. 
Goldschmidt and Zanoli (loc. cit.) obtained on acetylation an oil 
which on hydrolysis gave some furfuronitrile and an oxime, m. p. 
49—60°. 

Benzoyl-ot-furfuraldoxime .—Crude a-furfuraldox i me, m. p. 51— 
57° (7 g.) was slowly added with cooling to benzoyl chloride (30 g.) 
and the product was poured into 2iV-sodium hydroxide (250 c.c*), 
vigorously shaken for 30 minutes, and kept for 12 hours. The 
benzoyl derivative which separated was crystallised three times from 
alcohol; it then melted at 138—139° (compare Minunni, loc. cit.). 
The benzoyl derivative (5 g.) was heated with 2A T -sodium hydroxide 
(50 c.c.), and the solution was cooled, saturated with carbon dioxide, 
and extracted with ether; removal of the solvent by a current of 
air gave a nearly pure a-oxime, m. p. 68—73°. It is essential that 
the solutions of the a-oxime should not be warmed, otherwise partial 
conversion into the (3-oxime occurs. 

(3 -Furfuraldoxime .—Hydroxylamine hydrochloride (10 g.) in 
methyl alcohol (40 c.c.) was treated with crystallised sodium acetate 
(19*5 g.) in dilute alcohol (40 c.c.), and furfuraldehyde (12 g.) added. 
The mixture was kept for 24 hours, the precipitated sodium chloride 
removed, and the solution evaporated in a vacuum at room temper¬ 
ature to about 30 c.c. and then poured into water (70 c.c.). The 
precipitated [3-oxime (m. p. 89—91°) was crystallised three times 
from 10% alcohol with the addition of a little animal charcoal; 
a nearly quantitative yield was then obtained of the pure (3-oxime* 
m. p. 91—92° (Groldsehmidt and Zanoli give 89°). The (3-oxime 
(2*5 g.) was dissolved in acetic anhydride (10 c.c.) at 30° an<J poured 
into 2iV r -sodium carbonate. When afl the anhydride was-d^^^^ 



1962 


BRADY AND GOLDSTEIN : 


posed, the oil was extracted with ether and hydrolysed, after removal 
of the solvent, by boiling it with 40% potassium hydroxide solution. 
Ammonia was evolved and extraction of the acidified solution with 
ether yielded pyromueic acid, identified by its reactions and by 
comparison with an authentic specimen. 

z-2-Methoxy- 1 -naphthaldoxime .—To a mixture of hydroxylamine 
hydrochloride (7*5 g.) and sodium hydroxide (lOg.) in water (110 c.c.) 
was added a solution of 2-methoxy-1 -naphthaldehyde (14 g.) in 
hot alcohol (20 c.c). The sodium salt of the oxime (which is very 
sparingly soluble in water) separated as a mass of crystals; after 
1 hour, the oxime was liberated by addition of excess of a saturated 
solution of ammonium chloride, filtered off, washed, and dried 
(yield, almost quantitative). After three crystallisations from 
hot benzene, cn-2-methoxy- 1 -naphthaldoxime formed white plates, 
m. p. 154—155° (Pound : N, 7*3. requires N, 7*0%). 

a-Acetyl-2-metJmxy-l-naphthaldoxime, prepared in the usual way, 
and crystallised from, alcohol, formed white needles, m. p. 79—80° 
(Pound: N, 5*9. C^H^OgN requires N, 5*8%). On hydrolysis 
with hot 2jV-sodium hydroxide, the needles of the acetyl derivative 
are gradually replaced by the plates of the sodium salt of the oxime. 
On addition of ammonium chloride, the a-oxime was recovered 
unchanged. 

a-2-Methoxy- 1 -naphthaldoxime Hydrochloride. —The oxime (2 g.) 
was dissolved in boiling chloroform (75 c.c.), and dry hydrogen 
chloride passed in for 20 minutes. The precipitated hydrochloride 
was collected, washed with chloroform, and pressed on a porous 
tile. It formed a bright yellow powder, m. p. 145—147° (decomp.) 
(Found: Cl, 16*4. C 12 H 11 0 2 N’.HC1 requires Cl, 14*9%). With 
sodium hydroxide and ammonium chloride, the hydrochloride re¬ 
generated the a-oxime; no inversion had taken place. 

Meihylation of a-2-Meihoxy-l-naphihaldoxime. —The oxime (7*0 g.}, 
dissolved in hot alcohol (85 c.c.), was treated with sodium ethoxide 
(1*05 g. of sodium in 25 c.c. of alcohol), and methyl iodide (5 g.) 
added. The solution was boiled under reflux for 30 minutes and 
kept for 12 hours, the alcohol allowed to evaporate somewhat, and 
excess of water added. An emulsion was formed, which was 
extracted first with ether, then with chloroform. The ethereal 
extract on evaporation gave a thick oil (2*4 g.) which solidified when 
cooled, yielding a hard, brown solid, m. p, 51—54°, consisting mainly 
of O-ether, but also containing a little JY-ether, unchanged oxime, 
and other impurities. The O-ether is best separated by prolonged 
distillation in steam, in which it is difficultly volatile; it was, iden¬ 
tified in the distillate by comparison with an authentic specimen 
obtained by synthesis. 
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The chloroform extract gave a solid (4-6 g.), m. p. 106—107°. 
After some weeks, the m. p. had fallen to 83—87°. This compound 
on crystallisation from benzene gave pure ’N-methyl-2-methoxy-l- 
naphthaldoxime hydrate , fine needles, m. p. 88—89° (Found: N, 6*0; 
HgO, 7*6. C^H^OgNjHgO requires X, 6*0; H 2 0, 7*7%). The 
anhydrous lS-methyl-2-meihoxy- 1 - naphthaldoxime, obtained by 
desiccation of the hydrate in a vacuum over calcium chloride, 
formed stout prisms, m. p. 118—119°, which hydrate readily 
(Found: N, 6*5. C 13 H l3 0 2 lsr requires N, 6*5%). Both the hydrated 
and the anhydrous ether yield N -methylhydroxylamine and 
2-methoxy-l-naphthaldehyde oh gentle boiling with acids. 

oi-O-Methyl-2-methoxy-l-naphtkaldoxime .—2 - Methoxy -1 - naphth - 
aldehyde (3*5 g.) and 0-methylhydroxylamine (0*95 g.) were dis¬ 
solved in alcohol (30 c.e.) and kept for 12 hours. The alcohol was 
allowed to evaporate spontaneously, and the dark solid residue 
purified by steam distillation and crystallisation from alcohol, 
a - O -Methyl-2-me thoxy- 1 - naph tha Idoxime formed colourless, short 
prisms, m. p. 65° (Found : N, 6*8. C 13 H 13 0 2 N requires N, 6*5%). 

4 - Methoxy -1 - naphthaldehyde. — 4-Hydroxy -1 -naphthaldehyde 
(24 g.) was heated with potassium hydroxide (8 g. in 35 c.c. of water), 
and methyl sulphate (13 c.c.) added slowly with shaking. The 
mixture was heated on the water-bath for 30 minutes, potassium 
hydroxide (5*5 g. in 20 c.c. of water) and methyl sulphate (8 c.c.) 
were then added alternately in small quantities with shaking. 
Heating was continued for 30 minutes, and the solution was cooled 
and extracted with ether. The aqueous portion on acidification 
gave 4*8 g. of impure 4-hydroxy-1-naphthaldehyde. The ethereal 
portion was well washed with dilute sodium hydroxide solution, then 
with water, dried, and evaporated. The yield of crude methoxy- 
aldehyde, which was sufficiently pure for the next operation, was 
10*8 g. A considerable quantity of tar was formed. 4-Methoxy-l- 
naphthaldehyde has previously been prepared by boiling 4-hydroxy- 
1-naphthaldehyde with methyl iodide and potassium hydroxide in 
alcoholic solution (Gattermann, A?inalen z 1907, 357, 365). 

czA-Methoxy-l-naphthaldoxime, prepared from the crude aldehyde 
in a similar way to the 2-methoxy-compound, crystallised from 
benzene in white needles, m. p. 107—108° (Found: N, 7*3. C 12 H n 0 2 N 
requires N, 7*0%). 

a-Acetyl A-methoxy- 1 -naphthaldoxime, prepared in the usual way, 
crystallised from alcohol in colourless needles, m. p. 102° (Found : 

N, 5*8. C^HjgOgN requires N, 5*8%). On warming it with 
2$'-sodium hydroxide and saturating the solution with carbon 
dioxide, the original a-oxime was obtained. 

ocA-Methoxy-l-imphihaldoxime hydrochloride , prepared fit, |§^gg| 
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same way as the corresponding 2-methoxy-compound, formed a 
yellowish-green powder, m. p. 144—145° (decomp.) (Found: 
Cl, 15-1. C 12 H n 0 2 N,HCl requires Cl, 14*9%). On decomposing 
it with 2A-sodium carbonate, the original oxime was regenerated. 

Methylation of a-4- ethoxy -1 - ?mpJitJialdoxime .—The oxime 
(6*55 g. in 59 c.c. of alcohol), sodium (0*8 g. in 20 c.c. of alcohol), and 
methyl iodide (5*1 g. in 20 c.c. of alcohol) were boiled under reflux 
for 20 minutes and kept for 12 hours. The methylated product 
was worked up in the same way as the 2-methoxy-oxime, there being 
obtained 3*1 g. of O-methyl ether and 3*0 g. of A 7 -methyl ether. 
a-O-MethylA-methoxy-l-Tiaphthaldoxime formed colourless needles, 
m. p. 38—39°, from alcohol and water (Found : N, 6*5. c 13 h 13 o 2 n 
requires 1ST, 6*5%). oL-N-MethylA-meihoxy-l-naphthaldoxime is 
dimorphic and separated from hot benzene in yellow prisms, m. p. 
158—159° (Found: N, 6*4%), which changed to dark grey plates 
on keeping in contact with the mother-liquor for 2 hours. The grey 
modification passed back into the yellow on crystallisation or on 
heating at 100° for some time. 

The Ralph Forster Laboratories of Organic Chemistry, 

University College, London. [Received, June 15th, 1927.] 


CCLVL— -Nitro-derivatives of the Homopyrocateehol 

Ethers . 

By Albert Edward Oxford. 

It has previously been shown (Oxford, J., 1926, 2004) that the 
action of acetyl nitrate on o -methoxyphenyl acetate at —15° 
gives rise to 3-nitro- and 5-nitro-2-methoxyphenyl acetates in about 
equal quantities. It was hoped that the application of this method 
to m-methoxy-p-tolyl acetate (I) would yield a relatively consider¬ 
able proportion of the 2-nitro-derivative and provide a new and 
more direct route to 2-nitrohomoveratrole, although it was, of 
course, recognised that the effect of the methyl group would be to 
suppress substitution in the position between it and the methoxyl 
group (compare the nitration of aceto-m-toluidide, Cohen and Dakin, 
J., 1903, 83, 331; and of w-cresol, Gibson, J., 1923, 123, 1269). 
In point of fact, the effect was such that the yield of the 2-nitro- 
deiivative could not be raised above 5%, although nearly every 
possible variation in the experimental conditions was tried, including 
a nitration at — 40°. The method did, however, provide a means 
of preparing the hitherto unknown nitro-derivatives of creosol and 
homoveratrole, viz., 2-nitrocreo8ol (II), 2: 5-dinitrocreo$ol (HI) 
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{readily obtained by nitrating II in acetic acid solution), and 
2 : 5 -dinitrohomoveratrole (IV). 



(I.) (II.) (m.) (IV.) 

In view of the interest attaching to 2-nitrohomoveratrole (see 
Oberlin, Arch . Pharm., 1925, 263, 641; Gulland and Bobinson, 
J., 1926, 1976; compare also Dadswell and Kenner, this vol., 
p* 580), and of the strong probability that, like homoveratrole and 
2-nitro-m-tolyl methyl ether, it should be a solid at the ordinary 
temperature, a method for its complete separation from 6-nitro- 
homoveratrole was much needed. It was found that under con¬ 
ditions of alkaline hydrolysis which leave the 2-nitro-isomeride 
unaffected, 6-nitrohomoveratrole is quantitatively demethylated to 
6-nitroisocreosol (Y), and a specimen of 2-nitrohomoveratrole pre¬ 
pared from 2 : 6-dinitrohomoveratrole according to Oberlin’s details, 
after being submitted to this treatment, was found to contain only 
a trace of 6-nitrohomoveratrole. The purified 2-nitrohomoveratrole 
could then for the first time be obtained crystalline, having m. p. 
6—7-5°. Apparently sodium sulphide (the reducing agent used by 
Gulland and Bobinson, whose final product was undoubtedly a 
mixture of the two nitrohomoveratroles) attacks both nitro-groups 
in 2 :6-dinitrohomoveratrole, whilst ammonium sulphide (the re¬ 
ducing agent used by Oberlin), being milder and more specific in 
its action, reduces only the 6-nitro-group. 

In conclusion, some comparative experiments have been carried 
out in the o-creosol series. The nitration of o-homoveratrole by 
concentrated nitric acid; yields only the 5-nitro-derivative (VI) 
(Cain and Simonsen, J., 1914, 105, 156; Majima and Okazaki, 
Ber ., 1916, 49, 1482), and the same result is obtained if acetyl 


Me Me Me 
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(V.) (VI.) (VII.) (vm.) 


nitrate at —15° is the nitrating agent. The nitration of 3-methoxy- 
o-tolyl acetate (VII) under conditions which convert o-methoxy- 
phenyl acetate into its 5-nitro-derivative only, yields chiefly the 
4-nitro-derivative (VIII) and not, as might be expected, the 6-nitrof 
derivative, -•■' 
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Experimental. 

Nitration of m-Methoxy-^4olyl Acetate (I).—A mechanically stirred 
solution of the acetate (32-2 g.) and redistilled acetyl chloride 
(35 c.c.) in pure dry carbon tetrachloride (140 c.c.), cooled in a 
freezing mixture and protected from moisture, was treated during 
2\ hours with dry, very finely powdered silver nitrate (36 g.). 
The 6-nitro-derivative began to crystallise just before all the silver 
nitrate had been added. Stirring was continued for a further 
hour, the reaction mixture filtered, and the precipitate—which 
contained the greater part of the 6-nitro-derivative mixed with 
silver salts—washed with carbon tetrachloride. The deep red 
filtrate was shaken twice with water, dried over anhydrous sodium 
sulphate, and, after evaporation of the solvent, distilled in a vacuum, 
three fractions being collected : (i) (Up to 167°/13 mm.) 5 g. of a 
red liquid; (ii) (167—177°/13 mm.) 8 g., mostly liquid; (iii) (177— 
210°/13 mm.) 5 g. of a solid (6-nitro-3-methoxy-p-tolyl acetate); 
(i) and the liquid part of (ii) were combined and hydrolysed by 
wa rmin g on the steam-bath with 2iV T -sodium hydroxide. 

§(!)-Clilorocreosol .—The crude phenolic mixture was steam- 
distilled; the brown, semi-solid material (about 4 g.) that came 
over, after repeated crystallisation from water, was obtained in 
colourless, glistening, rectangular leaflets, m. p. 71° (Pound: Cl, 
19-7; M, in camphor, 174. C 8 H^0 2 C1 requires Cl, 20*5%; M, 
172). It is sparingly soluble in cold water and dissolves readily in 
all organic solvents with the exception of light petroleum. It has 
a faint, guaiacol odour, gives no coloration with ferric chloride, 
and does not dissolve chemically in sodium bicarbonate solution. 

Its acetyl derivative crystallises from light petroleum in colourless, 
thick tablets, m. p. 61° [Found: MeO (miero-Zeisel), 14*2. 
CioHxACl requires MeO, 14*5%]. It is readily soluble in ethyl 
and methyl alcohols and moderately easily soluble in hot water. 

The meikyl ether , obtained by the xylene-methyl sulphate- 
potassium carbonate method, crystallises from aqueous alcohol in 
colourless, shining leaflets, m. p. 37—38°. It has an almost ethereal 
odour recalling that of m-methoxy-jp-tolyl acetate, and gives a 
yellow coloration with concentrated sulphuric acid. In order to 
decide which position (2 or 6) is occupied by the chlorine atom, 
the behaviour of this ether on nitration was investigated. It 
dissolved in concentrated nitric acid to a red solution, from which 
nothing was precipitated by addition of water at the end of 10 
minutes, but when nitrated in acetic anhydride solution at 0°, by 
concentrated nitric acid, it yielded a minute amount of a brown, 
solid which crystallised from light petroleum in colourless, well- 
defined prisms, m. p. 89°. The amount of this substance obtained 



KTTRO-BEmVATTVES OF THE HOMOPYROCATECHOL ETHERS. 1987 

was insufficient for further investigation, but the behaviour of the 
chlorocreosol towards nitrating agents recalls that of 6-nitrohomo- 
veratrole and is quite unlike that of 2-nitrohomoveratrole, which 
is readily nitrated to 2 : 6-dinitrohomoveratrole. 

2 -Nitrocreosol (II).—The nitrocreosols remaining in the distillation 
flask after the removal of chlorocreosol * were extracted with ether, 
and after evaporation of the solvent a dark oil remained, the solution 
of which in boiling light petroleum (b. p. 60—80°) deposited, on 
cooling, 6-nitrocreosol, mixed with a little tar. After evaporation 
of the mother-liquor, a yellow oil remained (1*5 g.) which proved 
to be fairly pure 2-nitrocreosol. It was again heated with a little 
light petroleum, and the undissolved oil (1 g.), which would not 
crystallise at — 15°, was used in the experiments described below. 

2-Niiro-Z-methoxyA-j>-nitrobenzyloQcyiol'M7ie .—The benzoyl deriv¬ 
ative of 2-nitrocreosol was an uncrystallisable oil, and the phenol 
had to be characterised by the preparation of its p -nitrobenzyl 
ether . 2-Nitrocreosol (1*6 g., a slight excess) together with p-nitro- 
benzyl bromide (1*83 g.) was dissolved in a solution of sodium 
(0*19 g.) in absolute alcohol (60 c.c.), and the whole boiled under 
reflux for 3£ hours; much water was then added. The precipitate 
(m. p. 100°) obtained, after five crystallisations from alcohol, 
separated in fern-like aggregates of minute, colourless, flat rods, 
m. p. 114—114*5°, unaltered by further crystallisations from alcohol 
or light petroleum (Found : N, 9*1, 8*9. C 15 H 14 0 6 N 2 requires N, 
8*8%). It is readily soluble in most organic solvents. 

6-Nitro-3-methoxyA-ip-nitrobenzyhxytoluene was prepared from 
6-nitroereosol by an exactly similar method. It was crystallised 
from hot alcohol, in which it was very sparingly soluble, and then 
from benzene, separating in pale yellow, feathery needles, m. p. 
202—203° (Found : C, 56-1; H, 4-8. C 15 H 14 0 6 N 2 requires C, 56*6; 
H, 4*4%). 

2 : 5-Dinitrocreosol (III).—2-Nitrocreosol (2*6 g.) dissolved in 
glacial acetic acid (9 c.c.) was nitrated by the addition of a solution 
of nitric acid (d 1*42; 3*5 c.c.) in glacial acetic acid (3 c.c.) with 
constant stirring and cooling in ice-water, the first half of this 
solution being added during 10 minutes and the rest during 1 
minute. Water was added immediately and the product was 
collected, washed, and dried (yield, 0*67 g., i.e., 25% of the theo¬ 
retical^ It separated from light petroleum (b. p. 40—60°) in 
yellow leaflets, m. p. 86—87°, not altered by a second crystallisation 
from that solvent, from which it was also deposited in flat needles 

* By substituting acetic anhydride for the excess of acetyl chloride used in 
the nitration, the formation of chlorocreosol can largely be suppressed ; ’•$$. 
yield of 2-nitrocreosol is, however, if anything diminished* r 
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by rapid crystallisation from a saturated solution (Found: N, 
12*1. C 8 H 8 0 6 N 2 requires N, 12*3%). It is readily soluble in hot, 
but only sparingly soluble in cold water, dissolves in aqueous 
sodium carbonate to a red solution, and gives no coloration with 
ferric chloride. 

Its acetyl derivative, obtained by boiling the phenol with excess 
of acetic anhydride for several hours, crystallises from light petrol¬ 
eum in flat rods, m. p. 53—54°. It is readily soluble in alcohol 
and gives a pale yellow colour with concentrated sulphuric acid. 

The aqueous mother-liquor from the nitration of 2-nitrocreosol 
was made alkaline with caustic soda, then neutralised with dilute 
sulphuric acid and extracted with ether. A solid remained after 
evaporation of the solvent which, when repeatedly crystallised 
from light petroleum, eventually yielded pure 5 :6-dinitroereosol. 
This observation proves that the 2-nitrocreosol originally used 
contained a considerable proportion of the 6-nitro-isomeride. 

2 : 5-Dinitrohomoveratrole (IV).—2 : 5-Dinitrocreosol (0*45 g.) dis¬ 
solved in dry xylene (7 c.c.) was boiled under reflux with methyl 
sulphate (0*5 c.c.) and anhydrous potassium carbonate (2 g.). After 
30 minutes, a further 0*2 c.c. of methyl sulphate was added, and 
the liquid was boiled for a further 20 minutes and then worked up 
in the usual way. When the crude product was distilled, four 
drops of a nearly colourless oil came over at 190715 mm . Its 
solidification was effected by first cooling in solid carbon dioxide, 
when it set to a glass, and then transferring it to an ice-salt mixture 
and scratching vigorously; almost immediate crystallisation then 
set in.* The solid was obtained in colourless, six-sided plates, 
m. p. 36°, after two crystallisations from aqueous alcohol (Found : 
N, 11*5. CgH 10 O 6 N 2 requires N, 11*6%). It gives a pale yellow 
colour with concentrated sulphuric acid, and the diamine it yields 
on reduction will not condense with phenanthraquinone to a deriv¬ 
ative of phenazrne. * 

2-Nitrohomoveratrole from 2-Nitrocreosol .—Distillation in steam, 
followed by repeated fractional distillation in a vacuum, provides 
a fairly efficient means of separating the two mtrohomoveratroles. 
The nitrocreosols remaining after all the ehlorocreosol had been 
removed (see p, 1966) were therefore methylated (preferably with 
methyl iodide) and the methyl ethers were isolated and submitted 
to steam distillation until the liquid distilling over no longer con- 

* This method was applied with equal success to the purified 2-nitrohomo- 
veratrole (see p. 1965) and to 3-mtro-2-methoxyphenyl acetate (Oxford, loc. cit.) 9 
an oil which had also previously resisted all attempts at crystallisation* This 
acetate separates from slightly aqueous alcohol in colourless, well-defined, 
hexagonal tablets, m. p. 29—30°. 
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tained any trace of oily drops. 6-Nitrohomoveratrole is appreciably 
volatile in steam (to the extent of 0-5 g. per litre), although much 
less so than its isomeride. The distillate was kept for several days 
in the ice-chest, filtered from 6-nitrohomoveratrole, and extracted 
with ether. A further separation of the two isomerides by repeated 
fractional distillation in a vacuum is possible, 2-nitrohomoveratrole 
being slightly the more volatile (Found in the best fraction: C, 
54*9; H, 5*6. Calc, for C 9 H n 0 4 N : C, 54*8; H, 5*6%). The pro¬ 
portion of 2-nitrohomoveratrole in a given fraction can roughly be 
estimated by nitration to 2 : 6-dinitrohomoveratrole under the 
following conditions : The oil (about 1 g.) is nitrated by stirring 
with nitric acid (d 1*42; 3 c.c., previously boiled) for 2*5 minutes 
(cooling by means of running water). Much water is then added 
and the precipitate, after standing for a while, is collected in a 
Gooch crucible, dried, and weighed. Under these conditions, 
6-nitrohomoveratrole gives only a 9*7% yield of somewhat impure 
5 : 6-dinitrohomoveratrole. Three different specimens of 2-nitro¬ 
homoveratrole, prepared from impure 2-nitrocreosol and purified 
as outlined above, were found to contain at the least 77%, 80%, 
and 66% of that constituent respectively. On further nitration, 
they all gave specimens of almost pure 2 : 6-dinitrohomoveratrole 
with m. p. 85—89° instead of 90—91°. 

5 : §-Dinitrohomoveratrole. —According to Oberlin (be. tit.), the 
direct nitration of 6-nitrohomoveratrole by fuming nitric acid below 
5° gives 5 :6-dinitrohomoveratrole in 36% yield. The present 
author found the yield could be increased to 60% by allowing a 
solution of 6-nitrohomoveratrole (0*7 g.) in acetic anhydride (5 c.c.) 
mixed with nitric acid (d 1*42; 1 c.c.) to stand for \ hour, the 
temperature being maintained at 0°. 

6-Nitroisocreosol (V).—6-Nitrohomoveratrole (6 g.) was boiled 
under reflux during 28 hours with a solution of caustic potash 
(23 g.) in water (150 c.c.). A further quantity of caustic potash 
solution (6 g. in 25 c.c. of water) was then added, and the boiling 
continued for a further 9 hours until 6-nitrohomoveratrole could 
no longer be seen in the condenser. On cooling, the deep red liquid 
deposited slender, orange needles of the potassium salt of the 
nitroisocreosol. Sufficient water was added to dissolve the crystals, 
and on addition of dilute sulphuric acid nearly pure 6-nitroisocreosol 
was precipitated. It was crystallised from very dilute hydrochloric 
acid (charcoal) and then from benzene, from which it separated in 
long, slender, pale yellow needles, m. p. 168—170°. The nitro- 
isocreosol, m. p. 166—167°, isolated in small amount by Guliand 
and Robinson (loc. tit.) in some experiments on the nitration of ^ 
isocreosol in ethereal solution, must therefore be. the 6rpitrb**d^^| 
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ative (Found : C, 52*7; H, 4*9. C 8 H 9 0 4 N requires C, 52-5; H, 
4*9%). 

6-Nitrozsocreosol is readily soluble in alcohol and ethyl acetate, 
moderately easily soluble in chloroform in the cold, and very 
sparingly soluble in cold benzene and carbon tetrachloride. Its 
golden-orange solution in saturated aqueous sodium carbonate 
deposits the bright yellow sodium salt on addition of concentrated 
sodium hydroxide. It gives no coloration with ferric chloride. 

Its constitution was proved by methylation to 6-nitrohomo- 
veratrole, the methylation being almost complete after 2 hours’ 
boiling with methyl sulphate, xylene, and potassium carbonate. 

The acetyl derivative was obtained by boiling the nitrophenol 
with excess of acetic anhydride for 2 hours. It crystallises from 
alcohol in pale yellow leaflets, m. p. 98—98-5°, and gives a deep 
red coloration with concentrated sulphuric acid. 

Separation of the Two Nitrohomovemtroles. —When a mixture of 
about equal quantities of 2- and 6-nitrohomoveratroles is demethyl- 
ated under the foregoing conditions, the oil remaining unattacked 
contains less than 5% of 6-nitrohomoveratrole. If the original 
mixture consists largely of 2-nitrohomoveratrole, the removal of 
the 6-nitro-isomeride is complete. The accumulated mother-liquors 
from which crude 6-nitroisocreosol had been precipitated by acidi¬ 
fication were extracted with ether, and the residue remaining after 
the evaporation of the solvent was submitted to distillation in 
steam in the hope of isolating 2 -nitr oisocreosol, but the distillate 
contained only 6-nitroisocreosol, which is slightly volatile in steam. 

§‘Bromo~2-nitrohomoverairole. —Bromine (6 g.; 1| equivs.) was 
added drop by drop with shaking to a solution of 2-nitrohomo¬ 
veratrole (4*8 g.; 1 equiv., prepared from 2 : 6-dinitrohomoveratrole 
by Oberlin’s method, but not further purified by the alkali treat¬ 
ment) in glacial acetic acid (10 c.e.). Considerable heat was de¬ 
veloped. The liquid was kept at room temperature for 48 hours, 
a considerable proportion of the bromo-derivative crystallising, 
and then shaken with a large volume of sodium bisulphite solution. 
The precipitate, after being thoroughly washed with water and 
dried (yield, 5*8 g. or 86% of the theoretical; m. p. 99—100°), 
crystallised from methyl alcohol in large, colourless, four-sided 
tablets, m. p. 102—103° (Found : Br, 28*5. C 9 H 10 O 4 NBr requires 
Br, 29*0%) and was readily soluble in all the usual organic solvents 
with the exception of cold methyl and ethyl alcohols, and light 
petroleum, in which it was moderately easily soluble when hot and 
very sparingly soluble in the cold. 

5 : fy-Dinitroisocreosol. —A solution of the acetyl derivative of 
S-nitrotocreosol (0*6 g.) in ice-cold nitric acid (d 1*5; 3*5 c.c.) 
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was kept at 0° for 3 hours. Water was then added, and the pre¬ 
cipitate collected, washed, and dried (0-2 g.). The filtrate became 
deep red on the addition of alkali, hence considerable demethylation 
had taken place. The crude acetyl derivative crystallised from 
aqueous alcohol in colourless, flat needles, m. p. 109—110°. It 
was then hydrolysed by warming with sodium carbonate solution 
and alcohol on the steam-bath. The crude nitrophenol, precipitat- 
ated by the addition of hydrochloric acid, was reerystallised from 
water several times, forming very pale yellow, minute, slender 
needles, m. p. 128—129° (Found : N, 12*3. C 8 H 8 0 6 N 2 requires N, 
12*3%). It is readily soluble in alcohol, moderately easily soluble 
in cold benzene, and sparingly soluble in light petroleum and cold 
carbon tetrachloride. Its orange-coloured solution in saturated 
aqueous sodium carbonate deposits orange-yellow, flat, pointed 
rods of the sodium salt on addition of concentrated caustic soda. 
It gives a brownish-red coloration with alcoholic ferric chloride. 
Its constitution follows from the fact that it yields 5 : 6-dinitro- 
homoveratrole (m. p. 119—120°) on methylation. 

Nitration of 3-Methoxy-o-tolyl Acetate (VII).—This was carried 
out according to the details given by Graesser-Thomas, Gulland, and 
Robinson (J., 1926,1973) for the preparation of 6-nitro-m-methoxy- 
p-tolyl acetate (method B). A solution of nitric acid (1*8 c.c.; 
d 14) in acetic anhydride (2 c.c.) to which a few small crystals of 
urea had been added was very slowly introduced, drop by drop, 
into a mixture of the acetate (2*5 g.) and acetic anhydride (2*5 c.c.) 
cooled to —-15°. Addition of water after 15 minutes precipitated 
an oil, which was hydrolysed by warming it on the steam-bath with 
A-caustic soda. Acidification with dilute sulphuric acid then pre¬ 
cipitated an oil; this, after a tedious treatment with light petroleum 
followed by two crystallisations from water, yielded a minute quan¬ 
tity of a substance, m. p. 60—61°, which crystallised from water 
in colourless, silky needles, gave no coloration with ferric chloride, 
and dissolved in saturated sodium carbonate to a golden-yellow 
solution. It was probably 4-nitro-o-creosoi, since it yielded a 
nitrophenol when nitrated in acetic acid solution, the aminopheaol 
from which condensed with phenanthraquinone to give a derivative 
of phenazine which gave a dull cherry-red colour with concentrated 
sulphuric acid and exhibited a perceptible green fluorescence in 
benzene solution (compare the behaviour of 3:4-dmitroguaiacol; 
Oxford, be . tit.). 

The various aqueous mother-liquors from the foregoing operations 
were extracted with ether, the extract was added to the light 
petroleum mother-liquors, and the residue remaining after evapor-, 
ation of the combined extracts was methylated by the 
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methyl sulphate-potassium carbonate method. The methyl ethers 
were nitrated by heating them on the steam-bath for 10 minutes with 
a considerable excess of fuming nitric acid diluted with an equal 
volume of glacial acetic acid. Addition of water then precipitated 
almost pure 4:5-dinitro-o-homoveratrole, m. p. 125—127° after 
one crystallisation from alcohol (Majima and Okazaki, loc. cit ., 
record m. p. 126—127°). Further proof of the position of the 
nitro-groups was afforded by condensing the diamine obtained by 
reduction with zinc and hydrochloric acid, with phenanthraquinone; 
a substance exhibiting all the colour reactions of a 1 :2-dimethoxy- 
phenanthraphenazine was then obtained. 

I wish to thank Professor R. Robinson, F.R.S., for his continued 
interest in this work and for many helpful suggestions during its 
progress. 

The University, Manchester. [Received, June 11 th, 1927.] 


CCLVII .—Nitration of fi-NapMhyltrimethylammonium 

Nitrate . 

By Bertram Hobart Ingham. 

It has been shown by Vorlander and Sieberts (Ber., 1919, 52, 283) 
that in simple benzene derivatives the positively charged ammonium 
group in immediate proximity to the nucleus has an almost exclusive 
meta-orienting effect. This is a particular example of the generalis¬ 
ation, first enunciated by Robinson, that a positively charged 
group in immediate proximity to the nucleus always conduces 
to the formation of a high proportion of meta-substitution products. 
The former authors showed that on nitration of phenyltrimethyl- 
ammonium nitrate or bromination of the bromide the corresponding 
meta-derivatives were produced, whilst o-, ra-, and p-tolyltrimethyl- 
ammonium nitrates yield, on nitration, 5-nitro-2-tolyl-, 4-mtro-3- 
tolyl-, and 3-nitro-4-tolyl-ammonium nitrates respectively. The 
so-called “ effect 55 of this group is therefore strongly opposed 
to that of hydroxyl or methoxyl. In jS-naphthol and its methyl 
ether the positions most readily substituted are precisely those which 
may be deduced from the simplest application of the rule of altern¬ 
ation, namely 1, 8,6, and 3, and on such grounds it must be inferred 
that substitution at these positions in ft-naphthyltrimetkylammon- 
ium salts will occur less readily than in the corresponding positions 
in naphthalene itself. The simple rules of alternation, however, 
give no clue as to which of the remaining positions, namely, 7, 5, 
or 4, will be most readily attacked. It is well known that, in the 
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naphthalene series, substitution occurs preferentially in the De¬ 
positions, and therefore positions 5 and 4 are more probable points 
of substitution than position 7. There remains yet a choice to be 
made between positions 5 and 4. If the action of the “ meta¬ 
directive ” group is to assist in the process of substitution in any 
way, then, other things being equal, the nucleus containing the 
directive group should be the more susceptible to substitution 
(as is the case with the two naphthols, for example). On the con¬ 
trary, if its influence be inhibitory, and if the inhibition applies 
not only to the ortho- but also to the meta-position (to a smaller 
extent), then such influence should be most effective in the nucleus 
to which the group is attached, and position 5, being less affected 
than position 4, should be the more susceptible to substitution. 

The author’s experiments emphatically support the latter view, 
which, moreover, is entirely consistent with the results obtained 
in the schools of H. E. Armstrong and of A. F. Holleman. The 
product obtained on nitration of ^-naphthyltrimethylammonium 
nitrate was' nearly pure 5-nitro-p-naphthyltrimethylammonium 
nitrate in almost theoretical yield. 

Experimental. 

P-Naphthyltrimethylammonium iodide was prepared by a method 
similar to those of Bamberger (Ber., 1889, 22,1306) and of Morgan 
(J., 1900, 77, 882), but it was found to be unnecessary to heat 
the reactants in a sealed tube, refluxing for 3J hours (in a copper 
flask) and allowing the crude product to stand over-night before 
purification being found to give practically as good a yield (approx. 
60%). The substance was purified by extraction with and crystal¬ 
lisation from water, followed by recrystallisation from alcohol; it 
was thus obtained in colourless, hexagonal plates, m. p. 193° 
(decomp.). 

The nitrate and the picrate were obtained by double decomposition 
from the iodide with silver nitrate and with picric acid, respectively; 
they crystallised from water, the nitrate in colourless, rectangular 
plates, m. p. 190° (decomp.), and the picrate in golden-yellow 
needles, m. p. 194—195° (decomp.). 

Nitration of $-NaphthyUrimetJiylammonium Nitrate —The salt 
was dissolved in three times its weight of 99% nitric acid (d 1*52) 
with water-cooling, a vigorous momentary reaction taking place. 
After having stood at room temperature for 2 hours, the solution 
was poured on 1|—2 times its weight of ice, and the product made 
almost neutral * with (solid) sodium bicarbonate, separation of the 

* The substance acts as its own indicator, any alkalinity (even that of 
sodium bicarbonate) producing an intense red colour. - , - - 
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mtro-compounds proceeding with the neutralisation. The yield 
was almost theoretical. After two crystallisations from water and 
one from aqueous alcohol, a mononitro^-naphtliyltrimetJiylammonium 
nitrate was obtained in orange-yellow, rectangular prisms, m. p. 
231° (decomp.) (Found: C, 52*5; H, 5*6; N, 14*4. C 13 H 15 0 5 N 3 
requires C, 53*2; H, 5*1; 1ST, 14*3%). The nitrate was homogeneous, 
for when it was subjected to fractional crystallisation and subse¬ 
quent conversion into the iodide, followed by refractionation, no 
difference in melting point or in appearance under a polarising 
microscope of any of the fractions could be detected. 

The iodide was obtained from water in golden-yellow, rectangular 
prisms, m. p. 194° (decomp.) (Found: I, 35*9. 
requires I, 35*5%). The picrate was obtained from aqueous acetone 
in canary-yellow, rectangular prisms, softening from 248°, m. p. 
254° (decomp.). 

Unsuccessful attempts were made to determine the constitution 
of this nitration product of (3 -naphthyltrimethylammonium nitrate 
by oxidation, and also by treatment with concentrated aqueous 
solutions of alkalis, which caused the substance to undergo a peculiar 
and complicated change. In the circumstances, it was decided to 
proceed by synthesis as described below. 

Methylation of 5-N itro-^7baphthylamine .—5-Nitro-j3-naphthyl- 
amine (Friedlander and St. Szymanski, Ber., 1892, 25,2076) (1 mol.) 
in benzene (15 parts by weight) and methyl sulphate (4 mols.) in 
benzene (4 parts) were mixed and refluxed for hours, a dirty- 
white solid gradually separating. Next day, the precipitate was 
collected, washed with benzene, and boiled with water (100 parts), 
and the aqueous extract was cooled and made alkaline with 
ammonia, whereby the methylated bases were precipitated. The 
filtered solution, which contained 5 -mtro-£ -naphthyltrimethyl- 
ammonium methosulphate, was divided into two portions, one of 
which was converted into the iodide (Found by micro-analysis : 
N, 8-4. C^O^I requires N, 7-8%) and the other into the 
pierage by means of sodium iodide and picric acid, respectively. 

Comparative and m ixed m. p. tests showed that the nitration 
product of pmaphthyltrimethylammonium nitrate was 5-nitro-p- 
naphthyltrimethylammonium nitrate (see table). 

As the yield of the quaternary salt obtained in the methylation 
experiment was very small, and also for comparative purposes, 
it was considered desirable to methylate the 8-nitro-isomeride and 
thereby furnish conclusive proof that the above quaternary salt 
was derived from 5-nitro-p-naphthylamine, and not from any 
impurity in it. The methylation was performed in the same way 
as that of the’ 5-isomeride. 
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Melting points of Nitro-$-naphthyltriinethylaminoniiim Salts. 

Corre- 


- 

5-Iso- 

8-Iso- 

sponding 
salt (X) from 
nitration 

5-Iso- 

meride 

mixed 

8-Iso* 

meride 

mixed 


meride. 

meride. 

product. 

with X. 

with X. 

Iodide (1st sample) 

189° 

180° 

192° 

190° 

180° 

(2nd sample) 

190 

— 

191 

191 

— 

Pierate (1st sample) 

254* 

221—223 

254* 

254* 

212—218 

(2nd sample) 

254* 

221—223 

254* 

254* 

212—229 


* With softening from approximately 24S° in each case. 


The discrepancies of one or two degrees between some of the 
melting points given in the table and those of the corresponding 
substances given hitherto are due to the rate of heating; the 
m. p.’s in the table are strictly comparable, for they were taken 
simultaneously in the same bath. 


The author wishes to express his thanks to Professor Lapworth 
for his interest in the investigation. 

The University, Manchester. [Received, July 6th, 1927.] 


CCLVIIL —A Synthesis of Pyrylium Salts of Antho- 
cyanidin Type . Part XII . 

By David Doig Pratt, Alexander Robertson, and 
Robert Robinson. 

When acaeetinidin chloride (I) (Part IV, Pratt, Robinson, and 
Williams, J., 1924, 125, 200) was demethylated, it yielded a very 
well-characterised trihydroxyfiavylium chloride which had the 
reactions but not the crystalline form of apigeninidin chloride 
prepared by demethylation of its trimethyl ether (Part VI, J., 
1925,127,1133). The properties of the two specimens were closely 
similar, but not identical in every respect, and for this reason there 
was a doubt in regard to the course of the condensation of benzoyl- 
acetaldehyde and its derivatives with phloroglucinol in the presence 
of hydrogen chloride. Hitherto no unmethylated phloroglucin- 
aldehyde derivative could be condensed with ketones of the form 
CH 3 ‘COR to flavylium salts, but we have now found that O-benz- 
oylphloroglucinaldehyde (this voL, p. 1713) can be utilised for this 
purpose. With ^-methoxyacetophenone, it gives a benzoylaeaeetin- 
idin chloride, and, after hydrolysis with methyl-alcoholic a m monia 
and subsequent treatment with hydrochloric acid, acaeetinidin 
chloride, identical with the salt already described, was obtained* 
There is, therefore, no doubt that the condensation 
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aldehyde and phloroglucinol proceeds normally and does not, as was 
at one time suspected, give rise to an epa‘flavylium derivative. The 
specimen of apige ninidin chloride, prepared as described in this 
communication, is unquestionably more pure than that which was 
obtained previously by demethvlation of the trimethyl ether. 
These results have been confirmed in the chrysinidin series and one 
and the same chrysinidin has been obtained on the one hand by 
the condensation of benzoylacetaldehyde and phloroglucinol, and 
on the other by hydrolysis of the benzoylchrysinidin chloride 
derived from 0-benzoylphloroglucinaldehyde and acetophenone. 

The condensation of benzoylacetaldehyde with acetophenone by 
means of hydrogen chloride in acetic acid solution was first described 
by Bxilow and Sicherer (Be?., 1901, 34, 3896). The quantity of 
acetic acid employed was not stated, but the red product, 
C 15 H 13 0 4 C1, was very sparingly soluble in organic solvents and soon 
separated from the reaction mixture. These authors do not mention 
the necessity for any special precautions in carrying out the process, 
and in the first attempts which we made to repeat it the product was 
invariably an ochre-red, very sparingly soluble substance which 
separated quickly in almost quantitative amount. This substance 
can be easily prepared by adding phloroglucinol and benzoylacet¬ 
aldehyde in molecular proportion to formic acid or by adding a 
few drops of hydrochloric acid to an acetic acid solution of the 
components. It appears to have the composition C 30 H 22 O 7 and, on 
treatment with a boiling mixture of acetic and hydrochloric acids, 
it slowly passes into chrysinidin chloride. Later it was found that 
the Biilow condensation could be effected in ethereal solution, 
and also in acetic acid solution if the materials were free from water 
and access of moisture to the reaction mixture was prevented. In 
the latter case, the dark reddish-brown product had the composi¬ 
tion OlS^h 0 3 C1 and only began to separate after some hours. An 
account of the preparation of resomorinidin chloride (II) is included 
in this communication. 


a Cl 



Experimental. 

’ TrmnhydrobisbenzaylacetaJ^hydepJiIorogliicinol. — Cold filtered 
solutions of benzoylacetaldehyde (2-9 g.) in formic acid (5 c.c.) 
and of phloroglucinol (2*5 g.) in formic acid (40 c.c.) were mixed ; 
an orange-red product soon began to separate. After 2 hours, 
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water was added and the substance was collected, washed, and dried 
at 100° (Found: 0, 72*9, 73*2; H, 4*5, 4*6. G 2 JB ia 0 7 requires 
C, 72*8; H, 4*5%). The yield was 5*1 g., and only when relatively 
more phloroglueinol was employed could the phenol be detected in 
the filtrate. The substance can also be obtained by addition of a 
few drops of hydrochloric acid to a solution of the components in 
equimolecular proportion in acetic acid or by passing hydrogen 
chloride into an acetic acid solution of benzoylacetaldehyde and 
phloroglueinol without precautions aimed at the exclusion of water. 
Attempts to crystallise this very sparingly soluble compound were 
unsuccessful. On heating, the substance darkens slightly from 
210—280° and above this temperature gradually chars without 
melting. 

Chrysinidin Chloride (5 : 7 -Dihydroxyflavylium Chloride). —(A) 
The product of condensation of benzoylacetaldehyde and an equi¬ 
valent amount of anhydrous phloroglueinol in ethereal solution by 
means of hydrogen chloride in the cold during 4 hours was collected 
and extracted with boiling dilute hydrochloric acid. The salt 
crystallised from the hot filtrates (poor yields) in reddish-brown 
prismatic needles, which were dried over sulphuric acid (Found: 
C, 58*7; H, 4*7. C 15 H U 0 3 C1,2H 2 0 requires C, 58*1; H,.4*8%). 
This salt darkens at 250° but does not melt at 300°. Its yellow 
solution in concentrated sulphuric acid does not fluoresce, nor do 
the orange-red alcoholic solutions exhibit this property. The salt 
is sparingly soluble in aqueous hydrochloric acid (even 0*05%) and 
dissolves in aqueous sodium carbonate to a deep brownish-red solu¬ 
tion which is orange in thin layers. Sodium hydroxide gives the same 
colour, but the solutions soon become orange, especially on heating. 

(B) A solution of the salt was obtained by boiling the orange- 
red compound, C^H^O?, for 6 hours with an excess of a mixture 
of acetic acid (2 vols.) and concentrated hydrochloric acid (1 vol.). 
Water was added, and the perchlorate precipitated from the filtered 
solution. 

(0) A solution of anhydrous phloroglueinol (5 g.) and benzoyl¬ 
acetaldehyde (8 g.) in pure glacial acetic acid (35 c.c.) was saturated 
with hydrogen chloride in an apparatus designed to exclude moist 
air, and then kept for 12 hours. The deep reddish-brown crystals 
which slowly separated were collected, washed with acetic acid, and 
dried over sodium hydroxide in a vacuum (Found : C, 65*6, 65*4 ■ 
H, 4*4, 4*1. C 15 H n 0 3 Cl requires C, 65*6; H, 4*0%), The yield 
was 2 g. By adding ether to the filtrate a solid was precipitated 
which was extracted by boiling 0*5% hydrochloric acid; thia gave 
a further 2*2 g. of chrysinidin chloride and left 5*5 g. of a dark red, 
insoluble material. 
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(D) A cold solution of O-benzoylphloroglucinaldehyde (1*6 g.) 
and acetophenone (3 g.) in dry ethyl acetate (30 c.c.) was saturated 
with hydrogen chloride and kept for 3 days. The orange-red liquid 
acquired a greenish-yellow fluorescence and gradually deposited 
crystals (2 g.). The orange O-benzoylchrysinidin chloride (1*9 g.) 
was dissolved in methyl alcohol (100 c.c.) and the solution was 
saturated with ammonia at 0° and kept at this temperature for 
24 hours. The ammonia and methyl alcohol having been removed 
under diminished pressure at room temperature, the residue was 
dissolved in warm methyl alcohol (20 c.c.), and hot hydrochloric 
acid (40 c.c.) added. The amorphous precipitate was collected and 
extracted with boiling 0*5% hydrochloric acid, and the salt again 
precipitated from the filtered solution by the addition of concen¬ 
trated hydrochloric acid. It was now partly crystalline and was 
converted into the perchlorate, which was fully purified. 

Chrysinidin 'perchlorate . The various specimens of chrysinidin 
chloride have been identified with each other by conversion into 
this characteristic derivative, which crystallises from acetic acid in 
glistening, deep red, rectangular, prismatic needles (Found in 
material from B above : C, 53*3; H, 3*4. C X5 H X1 0 7 C1 requires 
C, 53*2; H, 3*3%). The substance darkens at 208° and melts with 
decomposition at 244°. It is very readily soluble in alcohol and on 
the addition of aqueous perchloric acid the substance crystallises in 
slender, glistening, orange-red needles. Careful comparison showed 
that all the specimens were identical; on the other hand, the 
chrysinidin obtained by demethylation of the dimethyl ether 
(Part VI, loc. cii.) must have been contaminated with methoxy- 
contadning salts, since the perchlorate decomposed at. 185°. 

Q-Bemoylacaeetinidin Chloride. —A solution of O-benzoylphloro¬ 
glucinaldehyde (0*6 g.) and ^-methoxyacetophenone (2 g.) in dry 
ethyl acetate (30 c.c.) was saturated in the cold with hydrogen 
chloride; in the course of an hour it became deep orange and 
exhibited a striking greenish-yellow fluorescence. The mixture was 
kept for 3 days and the salt which had separated was then collected 
(2 g.); a further quantity (0*5 g.) was obtained by addition of ether 
to the filtrate. Concentrated hydrochloric acid was added to a 
solution of the salt in a hot mixture of equal volumes of alcohol and 
0*5% hydrochloric acid until a faint turbidity appeared; on cooling, 
the substance crystallised in bright, orange-red sheaves of slender, 
prismatic needles (Found in material dried over sulphuric acid: 
C, 64*6; H, 4*7. C 23 H 17 0 5 C!,H 2 0 requires C, 64*7; JE, 4*5%). 
The alcoholic solutions of this benzoylacetinidin chloride are orange 
to orange-red and exhibit strong green fluorescence. 

Acacetinidin Chloride (I).—The debenzoylation of benzoylaeacetin- 
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idin chloride ( 3 g.) was accomplished in much the same way as 
described above in the case of benzoylchrysinidin chloride and 
the crude aeacetinidin chloride (1*5 g.) was crystallised by solution 
in hot 0-5% hydrochloric acid and addition of concentrated hydro¬ 
chloric acid until turbidity appeared. After three such processes, 
the salt was obtained in microscopic, reddish-brown balls. It was 
then crystallised by addition of concentrated hydrochloric acid to 
an alcoholic solution and obtained in prismatic needles, and on 
repetition in diamond-shaped and rhombic plates with a brilliant 
green reflex but exhibiting much twinning. A third crystallisation 
in this way gave dear-cut, individual crystals having a form identical 
with that of crystals of aeacetinidin chloride (Part IV, loc. cit.). 
The reactions of the two specimens were also identical and in 
addition the perchlorates and picrates were examined and com¬ 
pared, with the result that no difference could be detected between 
the specimens of the respective derivatives obtained ijom benzoyl- 
acacetinidin chloride from aeacetinidin chloride. 

Aeacetinidin perchlorate crystallised from hot aqueous perchloric 
acid in red, glistening, slender, prismatic needles and from acetic 
acid in red, elongated, pointed prisms having a bluish-green reflex. 
The substance darkens at 260° and melts at 278—280° (decomp.). 
A mixture of the two specimens behaved in the same way. 

Aeacetinidin picrate crystallised from 40% alcohol, containing 
picric acid, in long, red, prismatic needles which darkened at 220— 
225° and melted to a black liquid at 231—233° (mixed—the same). 

Apigeninidin Chloride (5:7: -Trihydroxyflavylium Chloride ).— 
Aeacetinidin chloride (2*1 g.) was demethylated by gently boiling 
with hydriodic acid (60 c.c.; d 1*7) and phenol (9 g.) in a stream of 
carbon dioxide. Methyl iodide was rapidly evolved and after 15 
minutes the aeacetinidin iodide had passed into solution. The 
reaction was continued for a further 10 minutes; a test then proved 
that only traces of methyl iodide were being produced. On cooling, 
the apigeninidin iodide quickly crystallised in scarlet, prismatic 
needles and these were collected on asbestos, washed with ether, 
and dried at 100° (2*2 g.). The substance is readily soluble in hot 
alcohol and on the addition of hydrochloric acid the chloride crystal- 
lises from the solution, but in order to ensure complete conversion 
the following method was adopted. The iodide (2*2 g.) and silver 
chloride (about 10 g.) were added to ethyl alcohol (400 c.c.) and con¬ 
centrated hydrochloric acid (5 c.c.), and the solution was boiled 
during 10 minutes, filtered and mixed with concentrated hydrochloric 
acid (50 c.c.). On cooling, apigeninidin chloride separated in very 
well-shaped, glistening, rhombic prisms. Individual crystals are 
seen under the microscope to be light orange-yeflow by transmTted . 
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light and the mass is bright salmon-red. The substance was washed 
with alcohol and dried in a vacuum (Found: C, 58*5; H, 4*4. 
C 15 H n 0 4 Cl 5 H 2 0 requires C, 58*4; H, 4*2%). This hydrate is very 
stable and when quickly heated appears to suffer no change below 
200°. At about 230° it darkens and turns green. The anhydrous 
substance chars above 350° but does not melt. Prolonged heating 
at 100° does not effect dehydration, but at 140° in a vacuum the 
substance loses weight and becomes hsematite-red. 

Apigeninidin chloride is sparingly soluble in hot dilute hydro¬ 
chloric acid and in most organic solvents. On boiling with not too 
much water, it dissolves and at once separates again as a flocculent 
precipitate consisting of orange, microscopic needles. This substance 
is a basic chloride and on the addition of a drop of hydrochloric acid 
is converted into the normal salt, recognised by its characteristic 
mode of crystallisation in rhombic prisms, /i-Butyl or isoamyl 
alcohol extracts most of the salt from aqueous solution, giving an 
orange-red solution, but the aqueous layer always retains a canary- 
yellow colour. This behaviour differs from that of pelargonidin 
chloride, which is completely extracted from aqueous solution by 
tsoamyl alcohol. The bright yellow solution in concentrated 
sulphuric acid exhibits an intense green fluorescence. The colour 
base, obtained by the action of sodium acetate on the chloride in 
aqueous solution, is a brownish-red precipitate, sparingly soluble in 
butyl alcohol to an eosin-red solution. On great dilution, the 
yellow solutions of apigeninidin salts become red, but under no 
conditions is a colourless pseudo-base formed. The chloride or the 
colour base dissolves in aqueous sodium carbonate or ammonia 
to a rich crimson solution, the colour of which is much bluer, brighter 
and more persistent on dilution than that of an alkaline solution of 
acacetimdin chloride. The orange-red solution in alcohol becomes 
intense yellowish-brown on the addition of ferric chloride. The 
ferrichloride could not be obtained because it is more soluble than 
the chloride. For example, a suspension of the chloride in boiling 
acetic acid gives a clear solution on the addition of a little ferric 
chloride dissolved in concentrated hydrochloric acid, but on cooling 
the chloride separates. The mercurichloride is extremely sparingly 
soluble in dilute hydrochloric acid containing mercuric chloride and 
crystallises in hair-like, orange, microscopic needles. The chloride 
dissolves somewhat readily in hot dilute perchloric acid and on 
quickly cooling the perchlorate separates in very slender, long, 
irregular fibres which, on standing in contact with the solvent, change 
into very dense clusters of microscopic needles. The periodide 
behaves similarly, being precipitated as a stringy, dark brown mass 
which is resolved into slender needles. Numerous attempts to 
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oxidise apigemnidin to apigenin were fruitless. The alkaline solu¬ 
tion retains its colour when air is aspirated through it during 12 
hours. 

Hydroxymethyleneacetoveratrone, —Methyl alcohol (1-6 g.) was 
added to a suspension of granular sodium (1*1 g.) in dry ether 
(50 c.c.) and when the formation of alkyloxide was complete a 
mixture of ethyl formate (5*2 g.) and acetoveratrone (9*7 g.) was 
slowly introduced with frequent shaking; a white, pasty mass was 
formed. Next day, ice, acetic acid, and ether were added and 
the separated ethereal solution was shaken with a concentrated 
solution of copper acetate. The copper derivative (7*0 g.) crystal¬ 
lised from toluene in pale green needles which softened at 180° and 
decomposed at 188° (Found : Cu, 13*0. C 2 2H 2 20 8 Cu requires Cu, 
13*3%). Similarly, the copper derivative of hydroxymethylene- 
2:4-dimethoxyacetophenone was obtained from resacetophenone 
dimethyl ether (yield, 13 g. from 14 g. of the ketone). It crystallised 
from toluene in pale green prisms, m. p. 190° (Found : Cu, 13*4%). 

5 : 7 -Dihydroxy -3': 4' -dimethoxyflavylium Chloride .—An ethereal 
solution of hydroxymethyleneacetoveratrone (itself an oil exhibiting 
the usual properties of its class) was obtained by shaking the copper 
derivative (5*5 g.) with dilute sulphuric acid and ether; the separated 
ethereal layer was dried with sodium sulphate. This solution was 
added to one of anhydrous phloroglucinol (3 g.) in ether, and a stream 
of hydrogen chloride led through the mixture for 4 hours. After 
12 hours, the bright red condensation product was collected, washed 
with ether, and dried (5 g.). This product was boiled under reflux 
with alcohol (1500 c.c.) and concentrated hydrochloric acid (12 c.c.) 
for an hour, and the solution distilled until separation of the salt 
commenced. After keeping for 24 hours, the solid was collected 
and further purification was effected by solution in and separation 
from 2% hydrochloric acid. After several such processes, the sub¬ 
stance crystallised in a homogeneous form in opaque, microscopic, 
spherical masses. Further slow crystallisation from hot dilute 
solutions gave reddish-brown, prismatic needles which decomposed 
at 272° (Found in material dried in a vacuum over sulphuric acid: 
0,564; H, 4*8. C 17 H 16 0 5 C1,1*5H 2 0 requires C, 56*5; H, 4-9%). 
This salt dissolves in aqueous sodium carbonate to an intense blood- 
red solution. 

Demethylation . A mixture of this luteolinidin dimethyl ether 
(1*4 g.) with phenol (4 g.) and concentrated hydriodic acid (30 c.c.) 
was boiled in an atmosphere of carbon dioxide for 30 minutes. A 
bright red iodide crystallised from the solution and this was collected 
and converted in the usual manner into the corresponding chloride. 
The latter crystallised from alcohol in small, orange-red needles* 
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which decomposed at 282° {Found in material dried in a vacuum over 
sulphuric acid : C, 58*6; H, 3*4; MeO, 10*5; 01,10*1; loss at 105° 
in a high vacuum, 2*7. C 16 H 12 O 5 Q,0*5H 2 O requires C, 58*4; H, 3*7; 
IMeO, 9*5; 01, 10*7; E^O, 2*8%). The substance is therefore a 
luteolimdin chloride monomethyl ether. It gives a Bordeaux-red 
to reddish-purple solution in aqueous sodium carbonate and its acid 
solutions have the same colour as those of luteolinidin chloride. 
The alkali colour reaction provides the only available evidence in 
regard to constitution and suggests that the salt is 5:7: 4'-tri- 
hydroxy-3 '-methoxyfiavylium chloride rather than the possible 
isomeride. The purified substance must contain a trace of luteolin- 
idin chloride, since it gives a weak ferric chloride reaction. On 
further demethylation with a mixture of hydriodic acid (d 1*75) and 
phenyl acetate, during the course of which the rate of evolution of 
methyl iodide was observed, luteolinidin iodide was obtained. The 
corresponding chloride showed all the reactions and properties of 
the substance previously obtained from luteolinidin chloride 
trimethyl ether (Part VI, loc. cit .). ; 

7 -Hydroxy-Z : 2': 4z'4rimethoa^/fiavyUum Chloride .—A solution of 

: 2 : 4-trimethoxyacetophenone (4*4 g.) and p-resorcylaldehyde 
(2-8 g.) in dry ether (100 c.c.) was saturated with hydrogen chloride 
for 2 hours and kept over-night. The product separated in orange- 
red needles with a dark green reflex (8 g.). It crystallised from dilute 
hydrochloric acid in crimson, prismatic needles which darkened at 
140° and decomposed at 185° (Found in material dried in a vacuum 
over sulphuric acid : C, 58*8; H, 5*4. C 18 H 17 0 5 O requires C, 59*0; 
H, 5*2%). The colour base is bluish-red, a pseudo-base is readily 
formed, and the yellow solution in concentrated sulphuric acid 
exhibits bright apple-green fluorescence. 

3:7:2': 4 ’-Teimhydroxyfiavylium Chloride {Besomorinidin 
Chloride) (II).—A mixture of the trimethyl ether (4 g.), phenol 
(8 g.), and hydriodic acid (80 c.c.; d 1*7) was gently boiled during 35 
minutes in a stream of carbon dioxide. On cooling, glistening 
prismatic needles, exhibiting golden-green reflex, separated and 
these were collected and dried (2*8 g.). Conversion into chloride 
by means of silver chloride and a trace of hydrogen chloride was 
accomplished in alcoholic solution and, on the addition of 10% 
aqueous hydrochloric acid to the filtrate, the salt crystallised in 
small, red needles which decomposed at 216° (Found in material 
dried in a vacuum over sulphuric acid: C, 54*3; H, 4*2. 

requires C, 54*0; H, 4*2%). Besomorinidin 
chloride is very sparingly soluble in cold dilute hydrochloric acid and 
moderately easily soluble in the hot solvent to an orange-red solu- 
iaon. Its solution in sulphuric acid exhibits bright apple-green 
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fluorescence. Sodium carbonate added to an aqueous solution gives 
an intense reddish-violet or permanganate-like coloration. An 
alcoholic solution of the salt is bluish-red and on addition of sodium 
carbonate becomes dichroic, red in thick layers, blue in thin layers, 
and exhibits dark red fluorescence. A hydrochloric acid solution 
was decolorised on boiling with zinc dust, and the cooled mixture was 
then extracted with ether. Addition of very dilute sodium hydroxide 
to the separated ethereal layer gave a blue solution which soon 
became violet and then rose-coloured. On warming, the aqueous 
layer became greenish-yellow and developed an intense ivy-green 
fluorescence. 

Ethyl 2:4: G-Trimethoxybenzoylpyruvate , 

C 6 H 2 (0Me) 3 *C0*CH 2 *C0-C0 2 Et. 

—This substance was prepared in the hope that it might prove to 
be a convenient source of 5 : 7-dimethoxychromone, which was 
required.in connexion with attempts to obtain representatives of 
the epiflavylium series. Phloracetophenone trimethyl ether (5*2 g.) 
(Kostanecki and Tambor, Ber. } 1899, 32, 2261) and ethyl oxalate 
(5*5 g.) were added to an absolute alcoholic solution (30 c.c.) of sodium 
ethoxide (1*4 g. of sodium) and next day ether was added to com¬ 
plete the separation of the sodium derivative. This was collected 
and dissolved in water and the ester, liberated by means of acetic 
acid, was isolated (5 g.); it crystallised from aqueous alcohol in 
long, pale yellow needles, m. p. 84° (Pound: 0, 58*3; H, 5*9. 
C 15 H 18 0 7 requires C, 58*1; H, 5*8%). This ester exhibits the 
usual properties of its class and in the solid state, preferably as a well 
dispersed precipitate suspended in a faintly acid medium, forms a 
highly characteristic blue compound with iodine. 

The authors wish to thank the Royal Society and the Chemical 
Society for grants which have defrayed a part of the cost of the 
investigation. 

The University or Manchester. [Received, June 21st, 1927.] 


CCLIX .—The Constitution of Gentisin . 

By Junzo Shinoda. 

Gentisin was first isolated from gentian root by Henry and 
Caventou (J. Pharm. Chim., 1821, 178) and was subsequently 
examined by Baumert (Annalen, 1847, 62, 106) and by Hlasiwetz 
and Habermann {ibid,, 1875, 175, 63; 1876, 180, 343). The 
investigations of Kostanecki and his co-workers have proved that 
gentisin is the monomethyl ether of gentisein, which is 1:3; 
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trihydroxyxanth one and was synthesised by Kostanecki and 
Tambor (. Monatsh 1894, 15, 1) by condensation of phloroglucinol 
and quinolcarboxylic acid. An attempt of these investigators to 
obtain 1: 3-dihydroxy-7-methoxyxanthone along similar lines was 
unsuccessful (Monatsh., 1895, 16, 920). Kostanecki, however, 
showed that gentisein on methylation yields gentisin and that 
gentisin yields only a monomethyl ether. This excludes the possi¬ 
bility that gentisin is S : 7-dihydroxy-1-methoxyxanthone and this 
substance must therefore be 1 : 3-dihydroxy-7-methoxyxanthone (I) 
or 1 : 7-dihydroxy-3-methoxyxanthone (II). 



From the behaviour of bisazobenzene-gentisin, Perkin (J., 1898, 
73, 1028) has indicated that gentisin should be represented by the 
formula (II), and the present author now confirms this conclusion, 
since the compound (I) described in this communication is quite 
different from gentisin. The methyl group of gentisin is thus in a 
position similar to that which it occupies in rhamnetin and rham- 
nazin. The synthesis of (I) has been effected by an application of 
the Hoesch reaction following the similar preparation of 1 : 3-dihydr- 
oxyxanthone by Nishikawa and Bobinson (J., 1922, 121, 839). 

Experimental. 

2-Hydroxy-o-methoxybenzaldoxime, obtained in the usual manner 
from 2-hydroxy-5-methoxybenzaldehyde, crystallised from water in 
colourless, prismatic needles, m. p. 118° (Found : C, 57-4; H, 5*8. 
C s H 9 0 3 N requires C, 57*4; H, 5-4%). 2-Hydroxy-o-methoxy- 
benzonitrile, obtained on treatment of the oxime with boiling acetic 
an h ydride for 3 hours and subsequent hydrolysis with 10% sodium 
hydroxide solution, crystallised from water in colourless needles, 
m. p. 136° (Found : G, 64*0, 64*5; H, 5*0, 4*7, C 8 H 7 OohT requires 
C, 64*4; H, 4*7%). 

1: Z-Dihydroxy-1 -methoxyxanihonimine Hydrochloride .—A mixture 
of 2-hydroxy-5-methoxybenzonitrile (5g.), anhydrous phloroglucinol 
(4 g.}, zinc chloride (5 g.), and dry ether (30 c.c.) was saturated with 
hydrogen chloride with frequent shaki n g. After a few hours, 
yellow crystals separated, but later these gave place to a deep yellow 
solution and then to orange crystals. After 10 days, water was 
added and the insoluble material (A) collected. The filtrate was 
extracted with ether and then concentrated; on cooling, yellow 
crystals (B) separated (Found; HC1, 12*1. C 14 H 12 0 4 NC1 requires 
H&, 12*4%). The properties of (A) and (B) are very similar; both 
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are very sparingly soluble in most organic solvents and dissolve in 
concentrated sulphuric acid to a yellow solution which exhibits 
green fluorescence. The solution in aqueous alkalis is yellow. 

1 : 3-Dihydroxy-7-methoxyxanthone (I).—The ketimine hydro¬ 
chloride was hydrolysed by means of boiling aqueous sodium 
hydroxide (until ammonia was no longer evolved) and the iso- 
gentisin was then precipitated by the addition of dilute sulphuric 
acid as a gelatinous mass that became crystalline when the liquid 
was boiled. The substance crystallised from aqueous alcohol in 
elongated, yellow plates, m. p. 241° (Pound: C, 64*8; H, 4*3. 
C 14 H 10 O 5 requires C, 65*1; H, 3*9%). 

The yellow solution in concentrated sulphuric acid exhibits 
green fluorescence, and ferric chloride added to an alcoholic solution 
develops a greenish-black coloration. The substance does not reduce 
an ammoniacal silver nitrate solution. A distinction from gentisin 
is that when an alkaline solution is agitated with sodium amalgam 
it becomes, like gentisein, blood-red; gentisin gives a deep green 
coloration under these conditions. On acetylation, a derivative , 
m. p. 211—212°, was obtained. 

The zsogentisin was demethylated by means of boiling hydriodic 
acid; the gentisein obtained crystallised from methyl alcohol in 
orange-yellow needles, m. p. 318° with darkening from 310°. The 
substance had the properties attributed to it by ICostanecki and on 
acetylation gave the triacetyl derivative; this crystallised from 
acetic acid in white, silky needles which, alone or mixed with a 
specimen obtained by Kostanecki’s method ( Monatsh ., 1891, 12, 
205), meltedjat 226°. 

Pharmaceutical Institute, Tokushima Technical College, 

Japan. [Received, July 11 th, 1927.] 


CCLX .—Syntheses of Cyclic Compounds. Part I. 
, Ethyl fiy-Dimethylbutane-aojio-tetracarboxylate and 
some cjoloButane Compounds derived therefrom. 
By Israel Vogel. 

In extending Ms investigations on the reduction of unsatur&ted 
compounds by moist aluminium amalgam (this vol., p. 594), the 
author has been led to examine the reduction of esters of the type 
CR/R":CX-C0 2 Et (I), where X may be C0 2 Et, COMe, or ON, and 
B/,R" maybeMe,H; Ph,H; Me,Me; or thecydopentane orcydohexane 
ring. Coupling would presumably take place in the ^-positions 
(compare Vogel, loc, cit.), resulting in the formation of compounds 
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II) which (if X = C0 2 Et) are homologues, symmetrically substi¬ 
tuted in the P- and y-positions, of ethyl butanetetracarboxylate, a 

(n) CR'R''*CHX*C0 2 Et 0HMe*CH(C0 2 Et) 2 (m) 

CR'R"*CHX*C0 2 Et CHMe-CH(C0 2 Et) 2 

substance which has found wide application as a synthetic agent 
in the hands of Professor Perkin and his collaborators (see numerous 
papers in J., 1884—1900). This series of researches has therefore 
been instituted with the following objects: (1) to synthesise 
compounds of the type (II); (2) to study the influence of groups 
and rings in the P- and y-positions on (a) the relative ease of 
formation and stability of four-, five-, six-, and higher-membered 
rings by condensation with the appropriate reagents, and (6) the 
stability of the cis- and irans -anhydrides of the cyclic dibasic 
acids; (3) to synthesise substituted adipic acids from compounds 
of the type (II) and to employ them in the investigation of the 
stability of the cis- and ^m^-anhydrides as well as of their simpler 
cyclic derivatives. 

The present communication is concerned with the reduction of 
ethyl ethylidenemalonate by moist aluminium amalgam.* This 
substance has been previously reduced by means of moist sodium 
anialgam by Higginbotham and Lapworth (J., 1923, 123, 1618), 
who state that “ products of at least two distinct types,” a volatile 
p-ketonic ester and a bimolecular compound (III), are formed. 
No conclusive evidence as to the presence of the p-ketonic ester 
was given, nor was the dim ethylbutanetetracarboxylate isolated, 
its presence in the primary reduction product being inferred from 
the production of two isomeric pp'-dimethyladipic acids by hydr¬ 
olysis, heating at, 160°, and subsequent distillation under low 
pressure. The author, by employing moist aluminium amalgam 
as the reducing agent, has found no difficulty in preparing ethyl 
dimetkylbutanetetracarboxylate (EH) in quantity. On hydrolysis 
with alcoholic potassium hydroxide, it readily yields a mixture of 
two stereoisomeric $y~dirmthylbutane-oLQL§§-tetracarbozylic acids , 
which can be separated into two forms (meso and racemic) melting 
at 152—154° (decomp.) and 185—185'5° (decomp.), respectively. 
The racemic configuration is provisionally assigned to the less 
fusible form. On heating the mixture of the two tetracarboxylic 
acids at 200°, carbon dioxide was eliminated and a mix ture of the 
two corresponding pp'-dimethyladipic acids was obtained melting 
over the range 105—120°, which on esterification and hydrolysis 

* A description of the application of moist aluminium amalgam in the 
Reparation of mixtures of unsaturated compounds, especially those exhibiting 
three-carbon tautomerism, is reserved for a future communication. 
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yielded chiefly a mixture of acids, m. p. 113—117° (compare Higgin¬ 
botham and Lap worth, loo. cit ., who found the upper limit of m. p. 
range was 75° or 128°, according as acetic acid or sodium bicarbonate 
was used to minimise alkalinity in the sodium amalgam reduction). 
The description of the separation of the two isomeric (^'-dimethyl- 
adipic acids as well as that of some of their derivatives is reserved 
for a future paper. 

The use of ethyl dimethylbutanetetracarboxylate (III) in syn¬ 
thetical work depends on the fact that it readily yields a disodium 
compound (IV) on treatment with sodium ethoxide or preferably 


(IV) QHAle*CNa(C02Et)2 (^HMe—(^(CC^Et)^ /y \ 

CHMe-C3S[a(C0 2 Et)2 CHMe—C(C0 2 Et) 2 


sodium methoxide, the latter being very much more reactive than 
the former. By bromine, (IV) is quantitatively converted into 
ethyl 2 : 3-dimetkylcycIobutane-l : 1: 4 : 4,-tetracarboxylate (V). The 
latter on hydrolysis with alcoholic potash yields the corresponding 
tetracarboxylic acid, which, on heating to 180°, esterification, and 
subsequent hydrolysis with alcoholic potassium hydroxide, gives 
rise to a mixture of the two cyclo butanedicarboxylic acids (VI) and 
(VII), melting respectively at 87—88° and 200-6—201-5°. They 



Me 


Me / 


H 


CO*H 

U 

CO a H 


(VII.) 


may be separated by treatment with acetyl chloride (compare 
Auwers and Thorpe, Ber., 1895, 28, 623; Komppa, Annalen, 1909, 
368, 152; 1909, 370, 209; Perkin and Scarborough, J., 1921, 
119, 1405); the trans -acid remains unaffected whilst the cis-acid 
is converted into the anhydride. 

Further evidence in support of ring closure is provided by 
comparison of the physical properties of the esters (Table I). 



Table I. 




Substance. 




\B£\ 

[B z ] 

B.p. 

d. 

n. 

obs. 

calc. 

MeCH-CH(C0 2 Et) 2 

MeCH«CH(C0 2 fet) a 

MeCH-CfCOgEtJa* 

MedH-6(C0 2 Et) s 

225—226°/16 m 

1*0887 

1*44873 

92*16 

91*93 

208—210°/16 m 

1*1216 

1-45573 

90-16 

89*73 

MeCH-CH 2 *C0 2 Et 

139—141°/15 mm. 

0-98777 

1-43447 

60*74 

60*92 

MeCH-CBL'CO-Et 

MeCH-CH*CO a Et 

MedH-dH-COjEt 

138—139°/14 rum. 

1*00955 

1*43888 

59-43 

58*72 


* Slightly impure 

. See p. 

1991. 
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No details as to temperature, etc., are included, as they are given 
in full in the experimental section. It is evident that whilst there 
is no great difference in the boiling points, there are marked differ¬ 
ences in the densities and the refractivities, those of the cyclic being 
greater than those of the corresponding open-chain compounds. 
The exaltations of the molecular refractivity for the D line of the 
two cycZobutane compounds (043 and 0-71) are comparable with 
those previously observed by other workers for the cycfobutane ring 
(compare Oestling, J., 1912, 101, 457, mean value 048; Eisenlohr, 
“ Spektrochemie organische Verbindungen,” 1912, mean value 
0*46; Lebedev, J. Buss . Phys . Chem. Soc ., 1918, 45, 1388, mean 
value 0-60; Zelinsky, J5er., 1913, 46, 1093; 1927, 60, 711, mean 
value 045; Kon, J., 1922, 121, 513, from cycloh.ex&n.espirocyclo- 
butanone, 0*77), 

The analogous unsubstituted open-chain and cycfobutane com¬ 
pounds were prepared many years ago by Perkin (J., 1887, 51, 1; 
1894, 65, 572). Whilst speculations as to the effect of groups are 
at present premature—it is hoped to discuss the question fully 
when a larger number of substituted derivatives have been studied 
—it may be added that the properties of the 6y-dimethyl homo- 
logues are very similar to those of the corresponding unsubstituted 
compounds, a result which would be expected from the modified 
strain theory of Thorpe and Ingold, since the normal tetrahedral 
angle of 115*3° has been altered only to 112*5° (compare Ingold, 
Sako, and Thorpe, J., 1922, 121, 1177; Ingold, ibid., p. 2676) by 
the substitution of CHMe for CH 2 . It is a curious fact that the 
only cycZobutanedicarboxylic acid directly isolated by Perkin (loc. 
cit.) was the cis- acid, the trans- acid being prepared by heating the 
cis- acid with hydrochloric acid at 190°, whereas in the case of the 
corresponding cycZopentanedicarboxylic acids the tra% i$-aeid was 
the only form directly isolated. In the present research, both 
forms were directly isolated. 

The question of the existence of two anhydrides of a cycZobutane- 
1:2-dicarboxylic acid is of great interest. Baeyer (Annalen, 
1890, 258,145) predicted from his strain theory that trans- anhydride 
formation should not take place in the cyclopropane and should 
occur in the cycZopentane series, but he was doubtful whether it 
would be possible in the corresponding 1:2-cycfobutane-compounds. 
Perkin (J., 1894, 65, 572), in testing this prediction experimentally 
for the unsubstituted cycZobutanedicarboxylic acids, found that the 
trans-&Gi& was practically unaffected by heating with acetyl 
chloride, but on heating with acetic anhydride it was converted 
into the cta-anhydride. The author has found that trans- dimethyl- 
cycfcbutane-1:2-dicarboxylic acid behaves similarly; on heating 



YOGEL : SYNTHESES OF CYCLIC COMPOUNDS. EAKT I. 1989 


it with acetic anhydride for 2 hours, the cis-anhydride is produced. 
It appears that the strain in the Jra^-anhydride is so great that the 
compound is incapable of isolation under the experimental con¬ 
ditions employed (compare Windaus, Hiiekel, and Reverey, Ber., 
1923, 56, 91, who have isolated the ^rans-anhydride of hexahydro- 
homophthalic acid and find that an equilibrium mixture of the 
cis- and fraws-anhydrides is formed on heating it with acetic 
anhydride). The question whether the as-anhydride is formed 
via the as-acid or the /ra?i<s-anhydride must still be regarded as an 
open one. 

The ethyl dimethylbutanetetracarboxylate used in this research 
was obtained by the reduction of ethyl ethylidenemalonate (Goss, 
Ingold, and Thorpe, J., 1923, 123, 3353) by moist aluminium 
amalgam; the yield averaged 45%, the remainder of the product 
consisting of unchanged malonie ester, which was readily separated 
by fractional distillation in a vacuum. This yield is surprising, 
since, under the conditions employed, reduction takes place 
quantitatively (mesityl oxide, benzylideneacetone) or not at all 
(ethyl pp-dimethylacrylate). Two explanations are possible: 
(a) ethyl ethylidenemalonate decomposes under the influence of 
the moist aluminium amalgam, and (6) the ethylidenemalonate 
contains a considerable quantity of malonie ester which cannot be 
removed by fractionation in a vacuum. The latter explanation is 
probably the correct one and receives support from the analytical 
results as well as from a comparison of the molecular refractivities 
of Goss, Ingold, and Thorpe’s ethyl ethylidenemalonate and that 
prepared directly from the acid, only the latter exhibiting the 
expected exaltation due to the presence of conjugated double bonds. 

Experimental. 

The yield of ethyl ethylidenemalonate, b. p. 113—135°/20 mm., 
prepared by Goss, Ingold, and Thorpe’s method averaged 85 g. 
from 100 g. of malonie ester [Round: C, 54-5; H, 7-5. Calc, for 
OE 3 -CH:C(C0 2 Et) 2 : C, 58*1; H, 7*5%. Calc, for CH 2 (C0 2 Et) 2 : 
C, 52*5; H, 7*5%]. On redistillation in a vacuum, a fraction was 
obtained having b. p. Ill—112°/12 mm., df* 1*05237, n g* 
1-42567, [Jtjfo 45*29. 

Ethylidenemalonie acid was obtained by adding 50 g. of acet¬ 
aldehyde to 75 g. of malonie acid in 100 g. of pyridine at —5°, 
followed by 2*5 c.c. of piperidine during 1 hour, the whole being 
vigorously stirred. The reaction mixture was kept at 0° over¬ 
night, the orange-coloured solid mass cooled to —5° and decom¬ 
posed with a slight excess of ice-cold dilute sulphuric acid, and the 
pale yellow ethylidenemalonie acid, m. p. 82° (Komnenos, Anndten, 
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1883, 218, 165, gives m. p. 84), quickly separated. The acid, on 
esterification with absolute ethyl alcohol and sulphuric acid, yielded 
ethyl ethylidenemalonate, which was obtained pure after two 
fractionations in a vacuum. It had b. p. 115—117°/15 mm ., 
d 1 / 4 ’ 1-01938, 1*43007, [R L ] D 47*17 (calc., 46*60) (compare 

Komnenos, Zoc. tit .; d 15 ° 1*0435) (Found: C, 57*8; H, 7*6. Calc, 
for C 9 H 14 0 4 : C, 58*1 H, 7*5%). 

Reduction with Moist Aluminium Amalgam . Preparation of 
Ethyl py - Dimethylbutane - accSS - tetracarboxylate (III).—Ethyl 
ethylidenemalonate (b. p. 113—135°/20 mm.; 150 g.) was reduced 
by 200 g. of aluminium amalgam prepared by the author’s method 
(this vol., p. 594). The product was worked up in the usual manner 
and fractionated in a vacuum. Ethyl malonate was recovered 
below 140°/16 mm.; the temperature then rose rapidly to 210° and 
ethyl $y-dimethylbutane-ccoL§§-teiracarboxylate distilled at 210—240°/ 
16 mm. (yield, 68 g. or 45%). On refractionation, the pure ester 
was obtained; it had b. p. 225—226°/16 mm,, d l p a 1*0887, n l P' 
1*44873, [R£]t> 92*16 (calc., 91*93) (Found: C,57*6; H,8*0. C^H^Os 
requires C, 57*8; H, 8*0%). It is a viscid, colourless liquid having 
a faint odour and on exposure to the atmosphere it slowly becomes 
pale yellow. The compound (IV) is best prepared from the 

pure ester and anhydrous sodium methoxide (see below). After 
being washed with a mixture of pure dry ethyl alcohol and pure dry 
ether (1: 3), it is obtained as a pale yellow solid (Found : ETa, 11*0. 
C 18 H 28 0 8 Na 2 requires Na, 11*0%). It decomposes on exposure to 
the atmosphere. 

Hydrolysis of the ester (HE). Solutions of the ester (30 g.) in 
ethyl alcohol (60 g.) and of potassium hydroxide (30 g.) in water 
(60 g.) were mixed, heated on the steam-bath for 6 hours, and 
evaporated to dryness. The residue was dissolved in a little water, 
the solution was extracted with ether to remove any unchanged 
ester if present and acidified with dilute sulphuric acid, the small 
quantity of resinous matter which separated was removed by 
filtration, and the pale yellowish-brown filtrate was saturated with 
ammonium sulphate and extracted seven times with ether. After 
slow evaporation of the ether, a yellow oil remained which immedi¬ 
ately solidified to an almost colourless, crystalline solid (yield, 16 g.), 
m. p. 155—162° {decomp.). On addition of pure dry ether, the 
major portion dissolved and a crystalline solid, m. p. 177—179° 
(decomp.), remained. This was almost pure i-fiy-dimethylbutane- 
ao:&&-tetracarboxyUc acid (Found: C, 45*6; H, 5*5; equiv., by 
titration, 66. C 10 H 14 O 8 requires C, 45*8; H, 5*3%; equiv., 65*5). 

Separation of the Two $y-Dimethylbutane-oia§$-tetracarbozylic 
Acids—The r-acid could be readily isolated from the mixture. 
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m. p. 155—162° (decomp.) (round : C, 45*5; H, 5*5%; equiv., 
by titration, 66), by fractional crystallisation from concentrated 
hydrochloric acid, in which it was only moderately easily soluble. 
It was thus obtained in small, hard prisms, m. p. 185—185*5° (de¬ 
comp.) (Found: C, 45*7; H, 5*4%; equiv,, by titration, 66)/ 
Other solvents which may be used for the separation are acetone, 
benzene-alcohol, and ethyl acetate. The meso- acid, which is 
much more soluble than the r-acid, can be isolated from the mother- 
liquors and has m. p. 152—154° (decomp.). 

Conversion into a Mixture of -Dimethyladipic Acids .—Ten g. 
of the mixture of the tetracarboxylic acids were gradually heated 
to 200°; the evolution of carbon dioxide then ceased. The whole 
solidified on cooling to a yellowish-brown mixture (6 g.), m. p. 
105—120°, of the two stereoisomeric (S (3' -dimethyladipic acids 
(compare Higginbotham and Lapworth, loc. cit .). On esterification 
with absolute ethyl alcohol and sulphuric acid, the mixed esters, 
ethyl (3p '-dimethyladipate , were obtained. After two fractionations 
in a vacuum, the liquid had b. p. 139—141°/15 mm., 0*98777, 
rag ' 68 1*43447, [Bx] d 60*74 (calc,, 60*92) (Found: C, 62*4; H, 9*7. 
Ci 2 H2 2 0 4 requires C, 62*6; H, 9*6%). It was a mobile liquid with 
a pleasant ethereal odour. The mixture of esters on hydrolysis 
with alcoholic potassium hydroxide yielded chiefly a crystalline 
solid, m. p. 113—117° (Found : equiv., by titration, 89. C 8 H 14 0 4 
requires equiv., 87). 

Synthesis of the cyclo Butane Bing . Formation of Ethyl 2 : 3-JDi- 
methylcjdobutane- 1:1: 4: 4 -tetracarboxylate (V).—To 5*3 g. of 
• * molecular 99 sodium under 200 c.c. of pure dry ether, 15*0 c.c. 
of pure dry ethyl alcohol were added. When all the sodium had 
reacted (gentle warming was necessary), a solution of the pure 
ester (III) (40 g.) in pure dry ether (160 c.c.) was carefully added; 
the disodio-compound (IV) gradually separated. The mixture was 
stirred mechanically and dry bromine (5*7 g.) added during 1 hour. 
The stirring was continued for a further hour, and water then added 
to dissolve the precipitated sodium bromide. The solution was 
washed with dilute aqueous sodium bicarbonate and with water 
and dried with anhydrous sodium sulphate. On evaporation of 
the ether, a viscid reddish-brown oil (39 g.) was obtained : this was 
used in all the experiments described below. On fractionation in 
a vacuum, some carbonisation occurred (compare the corresponding 
open-chain ester, which distilled unchanged), but most of the liquid 
distilled as a colourless oil, b. p. 208—210°/16 mm.; this, however, 
darkened somewhat on exposure to the atmosphere. It had 
df r 1*1216, 1*45573, [B&> 90*16 (calc., 89*73). Owing 

probably to the presence of a trace of bromine in the ester, the 

3x2 
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analytical results were unsatisfactory (Found: C, 56*4; H, 7*7. 
C 18 H 28 0 8 requires C, 58*1; H, 7*5%) (compare Perkin and Robin¬ 
son, J., 1921, 119, 1397, who obtained unsatisfactory analytical 
results for ethyl cs/cZopentane-l: 2 : 2 : 3-tetraearboxylate). 

It was subsequently found that a much more convenient method 
of preparation was to use anhydrous sodium methoxide, prepared 
from “molecular” sodium and pure dry methyl alcohol; the 
separation of the disodio-compound was then practically complete 
after 1 hour. The procedure was as described above, the quantities 
being 6*5 g. of sodium, 11*3 c.c. of methyl alcohol, 250 c.c. of ether; 
50 g. of ester in 200 c.c. of ether; and 13*5 c.c. of bromine. The 
yield of crude cycZobutane ester was 49 g. It is not advisable to work 
with larger quantities, as the yield is thereby materially diminished. 

Hydrolysis of the ester (V). Solutions of the ester (50 g.) in alcohol 
(100 g.) and of potassium hydroxide (50 g.) in water (100 g.) were 
used. The procedure was that described for the hydrolysis of the 
ester (III) (p. 1990). The dried ethereal extracts yielded 23 g. of 
a thick, pale yellow oil—this was employed in all the experiments 
described below. It slowly crystallised in a vacuum desiccator 
over concentrated sulphuric acid. The acid separated from ether- 
light petroleum (b. p. 40—60°) in star-shaped clusters or from 
benzene-light petroleum in needles, m. p. 138—139° (slight softening 
at 80°). Correct analytical results for the tetrabasic acid could not 
be obtained (compare Simonsen, J., 1908, 93, 1785, who could not 
obtain correct analytical results for 3-methoxybutane-aayy-tetra- 
earboxylic acid). 

Preparation of a Mixture of the cis- and trans -Forms of 2 : 3-Di- 
methylcyolobutane- 1: 4 -dicarboxylic Acid , (VI) and (VII).—The 
tetracarboxylic acid (V) (20 g.) was heated gradually to 180°; the 
evolution of carbon dioxide then ceased. The gummy residue 
(compare the pp'-dimethyladipic acids, which gave a crystalline 
solid) was esterified with absolute ethyl alcohol and sulphuric acid, 
and after two fractionations in a vacuum the mixed esters (9*5 g.), 
ethyl 2 : 3-dimeihylcydobutane- 1 : 4^-dicarboxylate , were obtained as 
a fairly mobile liquid with a pleasant ethereal odour and having 
b. p. 138—139°/14 mm., Sg* 1*00955, 1*43888, [B L ] D 59*43 

(calc., 58*72) (Found : C, 63*5; H, 8*6. C^HgoO* requires C, 63*2; 
H, 8*8%). The ester (10 g. in 20 g. of ethyl alcohol) was refluxed 
with potassium hydroxide (10 g. in 20 g. of water) on the steam- 
bath for 5 hours. The solution was then evaporated to dryness, 
the almost colourless residue dissolved in a little water, and the 
solution extracted with ether, carefully acidified with dilute 
sulphuric acid, and extracted seven times with ether. The ethereal 
solution, after being dried with anhydrous sodium sulphate and 
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evaporated, yielded a colourless oil which immediately crystallised 
on agitation. On treatment with small quantities of pure dry ether, 
all the cis- and some trans- acid dissolved, leaving pure trans-2 : 3-di- 
methylcjolobutane-l : A-dicarboxylic acid , m. p. 200—201*5°, as a 
crystalline solid (Found: 0, 55*7; H, 7-1; equiv., by titration, 85. 
CgHj^O^ requires C, 55*9; H,’ 7*0%; equiv., 86). On evaporation 
of the ether, a mix ture of the cis - and drafts-acids was obtained. 

Separation of the cis- and trans -Forms of 2 : 3-Dimethylcyclo- 
butane-l: ^-dicarboxylic Acid. —The mixed acids (2 g.) were warmed 
to 50° with 4 g. of pure acetyl chloride; a vigorous reaction ensued 
and hydrogen chloride was evolved. After 1 hour, the liquid mass, 
containing some suspended crystalline solid (2ran$-acid), was placed 
in a vacuum desiccator over caustic potash; the excess acetyl 
chloride was almost wholly removed after 2 days. The semi-solid 
mass was treated with pure dry ether; some trans- acid remained 
undissolved which, after being washed with small quantities of 
ether, melted at 200*5—201*5°; the m. p. was unaffected by 
recrystallisation from acetone-petroleum (b. p. 40—60°). The 
ethereal solution was washed with dilute aqueous sodium carbonate 
then with water, and dried with anhydrous sodium sulphate, 
and the ethereal solution was allowed to evaporate spontaneously. 
The cis-anhydride of 2 : Z-dimethylcyolobutane-l : 4 -dicarboxylic acid 
separated in needles, m. p. 50—51° (Found: C, 62*0; H, 6*5. 
CgH^Og requires C, 62*3; H, 6*5%). On acidifying the sodium 
carbonate washings and repeatedly extracting them with ether, 
more trans- acid was obtained. An aqueous solution of the cis- 
anhydride, on being allowed to concentrate over sulphuric acid, 
yielded the crystalline cis -acid, m. p. 87—88° (Found: C, 55*8; 
H, 7*0; equiv., by titration, 87. C 8 H 12 0 4 requires C, 55*9; H, 
7*0%; equiv., 86). 

By distilling the mixed acids in a vacuum, the ds-acid together 
with some anhydride, which passes over at a slightly lower tem¬ 
perature, is obtained; this provides the simplest method for the 
preparation of the pure ds-acid or of the d$-anhydride. 

Attempt to Prepare the Anhydride of trans-2 : S-Dimethylcyclo- 
butane-l: 4- dicarboxylic Acid .—The pure trans-sudd (1 g.) was 
gently boiled with an excess of pure redistilled acetic anhydride for 
2 hours, and'the excess of acetic anhydride removed over caustic 
potash in a vacuum desiccator. An ethereal solution of the oily 
residue was washed with dilute aqueous sodium carbonate and 
with water, dried with anhydrous sodium sulphate, and allowed to 
evaporate. The cis-anhydride, m. p. 50—51°, either alone or when 
mixed with a specimen prepared from the cfs-acid, separated in 
needles. . wvkfi 
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CCLXI.— Chlorocamphoranilic Acids and Camphoro- 
chlorophenylimides. 

By Mahan Singh and Ram Singh. 

In a previous communication (J., 1925, 127, 1966) it was shown 
that the reaction 

C 8 H 14 <gg;gg- C e H 4R C 8 H u <gg>N-C e H 4 R + H 2 0 

is dependent on the nature of the group R and other factors, the 
stability of the acid increasing as R becomes more negative. The 
carboxycamphoranilic acids ( loc . cit .) produced by the condensation 
of camphoric anhydride with aminobenzoic acids are very stable 
and have not been converted into camphorimides. 

The reactions of camphoric anhydride with o-, m-, and ^-chloro- 
anilines have now been investigated. The object was to examine 
the effect of decrease in the negativity of R(C0 2 H to Gl) on the 
above reaction. As expected, the condensation products yielded a 
mixture of chlorocamphoranilic acids and camphorimide derivatives, 
thus showing that with the decrease in the negativity of the group 
there is a tendency towards the formation of ring compounds. 
The position of the substituent seems to have some effect on the 
yield of the camphorimide, which is about 20% in the case of the 
para-derivative and 5 to 6% in the case of the ortho- and meta¬ 
derivative. This question is being fully investigated in the conden¬ 
sation products of camphoric anhydride and bromoanilines and 
iodoanilines. 

Wootton (J., 1910, 97, 405) also has condensed camphoric 
anhydride with chloroanilines. The melting points of his acids 
are lower than ours, because they contain the corresponding cam¬ 
phorimides formed in the condensations. 

With regard to the optical rotations of the chlorocamphoranilic 
acids, (a) the o-chloro-acid gives negative values in acetone and 
methyl ethyl ketone and positive values in methyl alcohol and ethyl 
alcohol ; (6) the relation between the molecular rotation and the 
position of the chlorine atom is in all solvents p>m>o ; (e) the 
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molecular rotatory powers of these acids do not follow the order of 
the dielectric constants of the solvents used. 

The following table gives the molecular rotatory powers of cam- 
phoranilic acid and some of its ortho-derivatives in methyl alcohol, 
ethyl alcohol, and acetone. 

[Mb- 

/ ~ ' ' . A 

Methyl alcohol. Ethyl alcohol. Acetone. 

. -4-150° 4-131° +101° 

-584 -574 -551 

. 4-146 4-144 4-98 

. 4- 57-8 + 35*6 - 40*3 

* Singh and Puri, J., 1926, 504. 

The relative changes of rotatory power in methyl alcohol and 
acetone are given by C0 2 H>H>CH 3 >C1. This corresponds with 
the relative polarity of the groups as deduced from molecular 
inductive capacities (Buie, J., 1926, 553). 

The molecular rotations of the p- and m-substituted camphoro- 
phenylimides are considerably lower than those of the corresponding 
acids, whereas in the case of the o-substituted derivatives they are 
of the same magnitude. 

Experimental. 

Condensation of Camphoric Anhydride with o-Chloroaniline .— 
Equimoleeular quantities of these and a little fused sodium acetate 
were heated together at 145—150° for 4 hours. The product was 
dissolved in 90% alcohol, decolorised with animal charcoal, pre¬ 
cipitated, and extracted with a dilute solution of sodium bicarbonate, 
which left a very small residue of camphoro-o-chlorophenylimide. 
This crystallised from alcohol in fine, light needles, m. p. 128° 
(Wootton, loc . ciL , gives m. p. 125—126°). It was soluble in 
acetone, methyl alcohol, and ether, but sparingly soluble in ethyl 
alcohol (Found : C, 65-6; H, 6-4; Cl, 12*2. Calc., for C^H^OgNCl: 
C, 65-8; H, 6-2; Cl, 12-1%). 

The bicarbonate solution was acidified and the amorphous solid 
obtained was recrystallised twice from 60% alcohol; it then melted 
at 165° (Wootton, loc . tit., gives m. p. 139—140°, which is that of a 
mixture of 2 , -chlorocamphoranilic acid and the imide). 2 '-Chloro- 
camphoranilic acid is soluble in acetone, methyl alcohol, and ethyl 
alcohol and moderately easily soluble in ether (Found; C, 62*2; 
H, 6*8; Cl, 11*2; equiv. by titration with NaOH, 311. C^H^OgNCl 
requires C, 62*0; H, 6*5; Cl, 11*5% ; equiv., 309*5). 

Condensation of Camphoric Anhydride with m-Chloroaniline .— 
The procedure was that described above. The alcoholic solution 
slowly deposited fine, silky needles of camphoro-m-chl6rophenyl^ 
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imide, which melted at 176° after recrystallisation (Wootton gives 
m. p. 172—173°). It was soluble in acetone, methyl alcohol, and 
ether, and sparingly soluble in ethyl alcohol (Found: C, 66*0; 
H, 6-9; Cl, 12*2%). 

The alcoholic filtrate, on being concentrated, gave a further 
crop of impure imide. The filtrate from this was poured into a 
large volume of water, and the precipitate of 3'-chloroeamphor- 
anilic acid thus obtained was dissolved in dilute sodium bicarbonate 
solution, reprecipitated, and crystallised from 60% alcohol, the 
pure acid separating in thin plates, m. p. 216—217° (Wootton gives 
m. p. 207—209°). It was soluble in acetone, methyl alcohol, 
and ethyl alcohol, and very sparingly soluble in ether (Found: 
C, 61*8; H, 6*85; Cl, 11*9%, equiv., 304). 

Condensation of Camphoric Anhydride with ip-Chloroaniline .— 
The procedure was that described above, and the solvent absolute 
alcohol. The solution slowly deposited stout, prismatic needles 
of camphoro-^-chlorophenylimide, which were twice recrystallised 
from-alcohol; they then melted at 165° (Wootton gives m. p. 
162—163°). The imide is soluble in acetone, methyl alcohol and 
ether, and very sparingly soluble in ethyl alcohol (Found : C, 65*5; 
H, 6*5; a, 12*3%). 

From the united filtrates a second crop of the imide was obtained, 
m. p. 164—165°, after recrystallisation from alcohol. 4'-Chloro- 
camphoranilic acid, isolated in the same way as the m-compound, crys¬ 
tallised from alcohol in needles, m. p. 197° (Wootton gives m. p. 
192—194°). It was soluble in acetone, methyl alcohol and ethyl 
alcohol, and sparingly soluble in ether (Found: C, 61*7; H, 6*6; 
Cl, 11-9%; equiv., 314). 

In all the condensations, complete separation of the acid from 
the imide could be effected by fractional crystallisation from ethyl 
alcohol, but it was a rather tedious process. 

Molecular rotations of the chlorocamphoranilic acids 
and camphorochlorophenylimides. 


Cone. 

Solvent. (g./25 e.o.). Temp. or,. [a]i>. [M] D . 

2'-Chlorocamplioranilio acid. 

MeOH . 0-4391 18° +0-61° +18-7° +57-8° 

EtOH. 0-4444 „ +0-41 +11-5 +38-6 

Me s CO. 0-2654 „ -0-28 -13-2 -40-8 

MeEtCO... 0-4210 „ -0-29 - 8-6 -26-6 

S'-Cblorooamphoranilie acid. 

MeOH ..i. 0-1475 18 +0-62 +52-5 +162-4 

EtOH..................... 0-1384 „ 0-48 43-3 134-0 

MejCO .. 0-1268 „ 0-32 31-5 97-5 

MeEtCO... 0-1306 „ 0-42 40-2 124-4 
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Cone. 


Solvent. 

(g./25 c.c.). Temp. 

an- 

[ax.]- 

Md. 


4 , -Chlorocamphoranilic acid. 



MeOH .. 

.. 0*1870 

18° 

+ 0*88 

+ 58*8 

+ 183*0 

EtOH. 

. 0-1314 


0*54 

51*3 

158*7 

Me 2 CO. 

. 0*1493 


0*46 

38*5 

119*0 

MeEtCO. 

. 0*1302 

99 

0*51 

48*9 

150*3 


Camphoro-o-chlorophenylimide. 



MeOH . 

. 0-1522 

25° 

+0-16 

+ 13*14 

+ 38*3 

EtOH .. 

. 0*1592 

tt 

0*18 

14*1 

41*1 

Me 2 CO... 

. 0*2468 


0*24 

12*1 

35*2 

MeEtCO. 

. 0*2348 

ft 

0*26 

13*8 

40*2 


Camphoro-m- 

■chlorophenylimide. 



MeOH . 

. 0*2030 

25° 

+0*23 

+ 14*16 

+4M 

EtOH. 

. 0*2256 

99 

0*25 

13*8 

40*2 


Camphoro-p-chlorophenylimide. 



MeOH . 

. 0*2014 

25° 

+0-32 

+ 19*8 

+ 51*7 

EtOH. 

. 0*2589 


0*33 

15*9 

46*4 

Me 2 CO. 

0*2432 


0*28 

14*3 

41*7 

MeEtCO. 

. 0*3326 

99 

0*44 

16*5 

48*0 


The readings were taken in a 2-dm. tube within \ hour of making 
up the solution. There was no mutarotation. 


We desire to thank Dr. H. B. Dunnicliff for his kindly interest 
in this work. 

Government College, Lahore, 

Punjab, India. [Received, May 30 th, 1927.] 


CCLXII.— §-d-Bornylsemicarbazide and S-d-neo Bornyl- 
semicarbazide . 

By John Augustus Goodson. 

Foe an investigation, which has so far given negative results, the 
author has had occasion to prepare a quantity of S-d-bornylsemi- 
carbazide and 3-d-neobornylsemicarbazide. The use of such 
optically active semicarbazides for the resolution of racemic carbonyl 
compounds has been suggested by various workers and a number 
of them have been prepared, e.g., camphoryl-^-semicarbazide 
(Forster and Fierz, J., 1905, 87, 722), S-a-phenylethylsemicarbazide 
(Wilson, Hopper, and Crawford, J., 1922,121, 866), and S-menthyl- 
semicarbazide (Wilson and Crawford, J., 1925, 127, 103), whilst 
Forster and Attwell attempted to prepare p-bornylsemicarbazide 
(J., 1904, 85, 1188), but in no case have these substances so far 
been used successfully for this purpose. S-d-Bornylsemicarbazide 
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and S-d^neobornylsemicarbazide were only tried on one racemic 
ketone, viz ., 3-methylc^dohexanone, and although well-crystallised 
products were obtained, they did not separate into optical antipodes 
on fractional crystallisation from two solvents. 

Experimental. 

A<^tme^d-bornyl$emicarbazone — To d-bomylamine (10 g.) 
melted by immersion in an oil-bath at 175°, was added acetone- 
semiearbazone (7*5 g.) a little at a time, and the heating continued 
for 15 minutes. The cold crystalline product was recrystallised 
from alcohol, and active acetom-S-d-bornylsemicarbazone obtained 
in anliydrous needles (yield, 76%), m. p, 141—148° (eorr.), [a]ff + 
25*5 0 ’(c = 2*04 in dry alcohol) (Found: C, 66*7; H, 10*0; N, 16*5. 
C 14 H 25 ON 3 requires C, 66*9; H, 10*0; N, 16*7%). 

In order to obtain a good yield, it is necessary to use anhydrous 
d-bomylamine. In a preliminary experiment, dhornylamine con¬ 
taining two molecules of water of crystallisation, obtained by 
precipitation with sodium hydroxide from a solution of the hydro¬ 
chloride, was used; a considerable quantity of di-d-bomylcarbamide 
was then produced. 

<$-d-Bornylsemicarbazide Hydrochloride —Acetone-S-d-bomylsemi- 
carbazone (85 g.) and 10% hydrochloric acid (850 c.c.) were heated 
on the water-bath for 1J hours. $-Bornylse?nicarbazide hydrochloride 
crystallised on cooling and was recrystallised from alcohol after 
removal of a small quantity of di-d£-bornylcarbamide by filtration 
(yield, 94%). The anhydrous substance, m. p. 190—198° (corr.), 
had [ajg + 2*6° (c = 5 in dry alcohol) (Found in air-dried sub¬ 
stance : loss at 105° in a vacuum, 14*1. C n H 22 0N 3 Cl,2H 2 0 

requires H 2 0, 12*7%. Found in anhydrous substance: C, 53*1; 
H, 8*9; Cl, 14*2. C 11 H 22 0N 3 C1 requires C, 53*3; H, 9*0; Cl, 
14-3%). 

§-d-Bomylsemicarbazide .—S-^-Bomylsemicarbazide hydrochloride 
(10 g.) dissolved in a little alcohol was treated with 8*5 c.c. of 20% 
sodium hydroxide solution and poured into water. The base was 
extracted with chloroform and obtained in needles by addition of 
light petroleum to the concentrated solution. The substance, dried 
in a vacuum at 50°, melted at 75° after softening some degrees lower, 
and had [a]g“ + 17*0° (c = 5 in dry alcohol). On keeping, it 
gradually decomposed (Found in dried substance ; C, 62*5; H, 10*4. 
CiiH 21 ON 3 requires C, 62*5; H, 10*0%). 

3-d-Bomylsemicarbazones of various ketones were prepared by 
adding the requisite quantity of ketone to a concentrated solution 
of the base in alcohol. 

r imPuUgom-§~d-bornylsemicarbazoM, prepared from isopulegone 
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having ag' — 6-0°, crystallised in thick, rhombic plates, m. p. 
224—226° (eorr.), [a]g‘ + 9-2° (c = 5-04 in chloroform) (Found : 
C, 72-8 ;.H, 10-1. C 21 H 35 ON 3 requires C, 73-0; H, 10-2%). 

4-Methykyc\ohemmm-$A‘bornylsemicarbazone crystallised in 
clusters of six-sided plates, softening slightly at 145° (corr.), melting 
at 154° (corr.), and having [a] 2 D °* + 27*2° (c = 4*898 in dry alcohol) 
(Found: C, 70*5; H, 10*2. C 18 H 31 ON 3 requires C, 70*8; H, 
10 * 2 %). 

^MethykyG\ohemnone^-d-bornylsemicarbazone } prepared from 
optically inactive 3-methylq/cfohexanone, melted at 172—177° 
(corr.) and had [agf + 27*4° (c = 4*85 in dry alcohol) (Found: 
C, 70*5; H, 10*1. C 18 H 31 ON 3 requires C, 70*8; H, 10*2%). Re- 
crystallisation from alcohol or ligroin failed to resolve it into its 
components, even when seeded with d~3~methylcyclohexanone- 
^d-bomylsemicarbazom, m. p. 173—179° (corr.), [a]jf + 7*4° 
(c = 4*726 in dry alcohol) (Found : C, 70*4 ; H, 10*1. C 18 H 31 ON 3 
requires C, 70*8; H, 10*2%), prepared from ^-3-methylc?/cIo- 
hexanone kindly supplied by Dr. Kenyon. 

A<xtone-§-d-neobornylsemicarbazone } prepared in the same way 
as acetone-3-i-bornylsemicarbazone, but at l90° in order to keep 
the neobomylamine liquid, crystallised from alcohol in anhydrous 
needles, m. p. 175—179° (corr.), [a]g # — 92*1° (c = 2*008 in dry 
alcohol) (Found: C, 66*6; H, 10*1. C 14 H 2 5 ON 3 requires C, 66*9; 
H, 10*0%). 

d-d-neoBornylsemicarbazide hydrochloride was prepared by 
hydrolysis of the above acetone derivative with dilute hydrochloric 
acid. The anhydrous substance melted at 198—202° (corr.) and 
had [a]?)* — 50*8° (c = 4*982 in dry alcohol) (Found in air-dried 
substance: loss at 105° in a vacuum, 5*3. C n H 22 0N 3 Cl,H 2 0 
requires H 2 0, 6*8%. Found in substance dried at 105° in a vacuum: 
Cl, 14*1. C n H 22 ON 3 Cl requires Cl, 14*3%). 

M-weoBornylsemicarbazones were prepared by adding the 
requisite quantity of ketone to a concentrated solution of 3-d-weo- 
bornylsemicarbazide in alcohol. 

^-Methykyclohexanone-S-d-neobornylsemicarbazone crystallised in 
rosettes of needles, m. p. 151—155° (corr.), — 91*3° (c = 2*83 
in dry alcohol) (Found: C, 70*4; H, 10*0. C 18 H 31 ON 3 requires 
C,70*8; H, 10*2%). 

S-Methyloyclohexanom-S-d-neobornylsemicarbazone, prepared from 
optically inactive 3-methylcyck>hexanone, melted at 157—161° 
(corr.) and had [a]g‘ — 91*2° (c = 4*772 in dry alcohol) (Found: 
C, 70*6; H, 10*3. C 18 H 31 ON 3 requires C, 70*8; H, 10*2). Re- 
crystallisation from alcohol or ligroin failed to resolve it into its 
components. ^ 
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The author desires to express his thanks to Mr. R. E. Hedger lor 
assistance in the work and to Dr. Kenyon for supplying the 
d-3-methylcycZohexanone used. 

Wellcome Chemical Research Laboratories. 

[Received, July 1 6tk, 1927.] 


CCLXIII.— The Absorption Spectrum of Ergosterol in 
Relation to the Photosynthetic Formation of Vitamin D* 

By Richard Alan Morton, Isidor Morris Heilbron, and 
Edward David Kamm. 

It has been shown (Heilbron, Kamm, and Morton, Biochem. J., 
1927, 21, 78) that the antirachitic potency developed on irradiation 
of ordinary cholesterol, either from cod-liver oil or from brain, may 
be traced to the presence in it of a minute quantity of some foreign 
substance which exhibits well-defined absorption bands near 
293-5 jjljz., 281-5 jqi, and270 w*. These bands disappear on irradiation, 
concomitantly with the development of antirachitic potency in the 
product. A similar conclusion was almost simultaneously arrived 
at by Pohl (. Nach . Ges. Wiss. Gottingen , 1926), using an entirely 
different spectroscopic technique (monochromatic light and photo¬ 
electric cells). These results are also substantiated by the fact that 
cholesterol regenerated from its dibromide could not be activated 
by irradiation with ultra-violet light. Subsequent work developed 
by using the spectroscopic method rapidly led to the conclusion that 
ergosterol—or a similar sterol—is the actual pro-vitamin, and this 
has been fully substantiated by animal tests (Rosenheim and 
Webster, Biochem . 1927, 21, 127; Windaus and Hess, Nach . 

Ges. Wiss. Gottingen , 1926). 

In extension of our earlier work, it became necessary to examine 
in detail the absorption spectrum of ergosterol, in order to establish 
an accurate standard of comparison by means of which we could 
determine the relative richness of various materials in respect of the 
pro-vitamin. 

In agreement with the work of Pohl as briefly reported by Windaus 
and Hess (he . cit), our results correspond in a very remarkable 
degree with the absorption curve found for ordinary cholesterol: 

A max. A max. A max. 

Cholesterol......... 293 /a/a 2S0 w 269 w 

Ergosterol .. 293*5 /ift 281*5 ju/z 270 w 

Further, the results indicate that ergosterol is 2 —& x 10 3 times as 
active as our specially prepared cholesterol (Heilbron, Kamm, and 
Morton, loc. c%L). 
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We next studied the change in the absorption spectrum brought 
about by irradiation of ergosterol in alcoholic solution. A solution 
of 0*05 g. of ergosterol in 250 c.c. of optically pure alcohol was 
prepared and portions were exposed to the light of a practically new 
(Hewittic) quartz mercury-vapour lamp of the vacuum type. 
Samples were withdrawn every 15 minutes and the absorption 
spectrum was determined. For this purpose two Hilger E s quartz 
spectrographs were used alternately, each being fitted with a 
rotat ing dis c sector photometer. Two series of absorption curves 
were obtained showing the selective absorption at half-hour intervals. 
The two sets of curves were reasonably concordant and only one will 
therefore be described. 

1. Ergosterol. Fresh solution not irradiated. Bands at 270 pp, 
281*5 pp, and 293*5 pp. Minimum 230 pp. “ s ” max. 10,200. 
“ s ” min. 2,400. 

2. Irradiated for 30 minutes. Broad maximum near 275 pp. 
“e” max. 8,500. Minimum near 230 pqjt.. “ e ” min. 3,750. The 
absorption band is wider in the region 230—265 pa than the 
corresponding band for the fresh solution. 

3. Irradiated for 60 minutes. Broad maximum near 275 pp. “ e 99 
max. 7,150. Minimum near 230 pp. “ e ” min. 4,850. The curve 
shows a marked step-out in the region 240—260 pp, indicating the 
incipient appearance of a band in that region of the spectrum. 

4. Irradiated for 90 minutes. The curve shows a new maximum 
near 247 pp. e< s ” max. 6,300 and a minimum near 230 pp. u e ” min. 
5,800. The persistence of the new band is therefore low. At the 
same time the absorption curve shows marked absorption over the 
region 260—300 up, indicating that the ergosterol has not entirely 
disappeared. 

5. Irradiated for 120 minutes. The band at 247 pp has increased 
in persistence, whilst the absorption over the range 260—300 pp 
shows a collateral decrease. 

6. Irradiated 150 minutes. The band at 247 pp is well developed. 
<e s ” max. 5,250, a minimum is shown at 225 up, and the persistence 
is considerable. From 247 pp—269 pp the absorption curve is fairly 
straight, but at 270 pp a sharp inflexion commences and the curve 
falls slowly to the limiting position near 310 pp. 

7. Irradiated for 6 hours. The solution is now almost diactinic 
and all trace of selective absorption has disappeared. 

The curves (Fig. 1) show that the reaction 

ergosterol _ 7 ' vitamin D . . (1) 

is accompanied by the disappearance of selective absorption in the 
region 260—300 pp and by the appearance qf a new selective absorp- 
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tion in the region 230—260 with a maximum at 247 [l\l. This 
new band itself disappears with further irradiation, a fact which is 




not inconsistent with the view that it is due to vitamin D, since it is 
known that c< excessive ” irradiation of cod-liver oil induces a loss 
of vitamin potency.* 

* The results of biological experiments have now come to hand and show 
that the product giving the 247 yy band at maximum intensity possesses very 
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When the extinctions at 270—275 pu and 280 are plotted 
against time, the result is, within experimental error, a straight line, 
indicating that the rate of disappearance of ergosterol depends 
solely on the energy input. By plotting the persistence of the new 
band against time, a roughly linear relation is likewise obtained 
(Fig. 2). These results can only mean that the whole, of the 
incident energy is absorbed and is photochemically effective, within 
the absorption band and within the limits of the straight line 



Exposure in minutes . 

I, extinction coefficients at 281*5 275 /a/j, 270 jj.fi, ergosterol curves, 

II, persistence of new band {line AB produced cuts axes at origin). 


In our experience, the irradiation of thin layers of solid ergosterol 
is unsatisfactory. Complete disappearance of the original bands 
is secured only after long exposure and under conditions in which 
consecutive reactions are not precluded. 

The absorption curves indicate a fact of considerable significance, 
namely, that the irradiation of ergosterol in solution or in the solid 
state is quite unlikely to give pure vitamin D unless special pre¬ 
cautions are taken. The existence of a well-marked absorption 

high antirachitic potency, whereas the product which has undergone irradia? 
tion until this band has disappeared is not effective at the same dosage. 
The tests were kindly carried out by Messrs. H. Jephcott and A. L. Baoharaeh, 
using the method described in their paper {Biochem, «7V, 1925, 20, 1351). 
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band between 225 pp and 270 up characteristic of a photochemically 
unstable substance, viz., vitamin D, means that if photodecom¬ 
position of this compound is to be avoided, these radiations must be 
screened off. The most suitable material for transmitting only 
light of the middle ultra-violet region is the proprietary “ Vitaglass.” 
Since, however, the rays between 270 and 293 pp are absorbed to a 
considerable extent by vitaglass, very prolonged exposures will be 
necessary. Rosenheim and Webster (Biochem. J., 1927, 21, 392) 
state that 44 the action of ultra-violet light on ergostexol leads to an 
obvious physical change and the production of a yellowish resin.” 
The nature of the intramolecular change which gives rise to the 
vitamin formation is at present unknown. The first step towards 
solving this problem is the preparation of pure vitamin D, and at 
present the line of attack most clearly indicated is the prevention 
of its photochemical decomposition by suitable screening. 

The present results have a very definite bearing on the problem 
of the industrial production of vitamin D. Anything approaching 
a satisfactory yield in the reaction (1) requires prolonged irradiation 
—an expensive process. Screening a quartz mercury-vapour lamp 
with vitaglass is obviously wasteful, since the large energy emission 
of the 265 pp and 253*6 pa (resonance) lines is detrimental to the 
stability of vitamin D, and must not have access to the solution 
undergoing irradiation. It would seem, therefore, that the mercury 
vapour lamp is unsuitable for this particular photochemical reaction. 

The alternative light sources are carbon or metal arcs. It is 
quite feasible to obtain suitably treated carbon arcs with little or no 
emission on the ultra-violet side of 270 pp. On the other hand, 
there can be little doubt that the working cost of mercury vapour 
lamps is lower than that of carbon or tungsten arcs producing the 
same intensity of ultra-violet light of all wave-lengths. These 
considerations show that the photochemical formation of vitamin D 
in good yield presents a formidable problem both to research and to 
costing. There seems, however, every reason to expect a solution 
if the experiments are accurately controlled by spectroscopic means. 

Some comment is necessary on a statement by Rosenheim and 
Webster { Biochem . J.,1927,21, 395) to the effect that the absorption 
of ergosterol 44 extends well into the ultra-violet region of sunlight.” 
The facts appear to be as follows. Dorno found that the limiting 
detectable ultra-violet wave-lengths of sunlight were : December— 
February, 3120 A. ; September—November, 3080 A. ; March— 
May, 3010A.; June—August, 2962A.; the relative intensities 
being J an. 100, April 400, July 1000, October 600. 

Only a veiy small area of the ergosterol absorption is covered by 
wave-lengths on the long-wave side of 2960 A., and appreciable 
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photochemical reaction only appears possible in summer sunlight. 
This is, of course, in harmony with the seasonal incidence of rickets. 

A brief remark on the paper by Hume, Lucas, and Smith (. Biochem . 
J ., 1927, 21, 362) is also necessary. These authors suggest that the 
mechanism of synthesis of vitamin D in vivo is the photochemical 
transformation of traces of ergosterol or a substance with similar 
absorption bands. Unfortunately, the transmission of epidermis 
falls to zero near 296 { 41 , so that a direct experimental test is excluded. 
We propose to investigate the matter further in two ways : 

( 1 ) To ascertain spectroscopically whether ergosterol, in solution 
in a quartz vessel, can be transformed into vitamin D by exposure 
to sunlight. 

(2) To ascertain whether an extract containing ergosterol can be 
prepared from skin by means of solvents. 

During the course of this work preliminary attempts were made to 
ascertain whether the formation of vitamin D is due to polymeris¬ 
ation. Determinations of molecular weight by the East micro¬ 
method failed to establish any such change, but we were not com¬ 
pletely satisfied with the conditions under which the determinations 
were carried out and are repeating and extending the experiments.* 

We desire to express our thanks to Mr. W. Doran and Mr. M. IT. 
Leathwood for help in the experimental work, to Mr. F. H. Carr, 
C.B.E., of British Drug Houses, Ltd., for the ergosterol, and to the 
Food Investigation Board for a grant which has enabled this research 
to be carried out. 

The University, Liverpool. [Received, May 27th , 1927.] 


CCLXIV .—Studies in the Coumarin Series . Part I . 

The Action of the Orignard Reagent upon 
Substituted Coumarins . 

By Isidor Morris Heilbron and Douglas William Hill. 

Decker and Fellehberg (. Annalen , 1907, 356, 281) have shown 
that *the interaction of coumarins and the Grignard reagent leads, 
under carefully specified conditions, to the production of mono¬ 
alkyl- or -aryl-pyrylium salts, and more recently Willstatter and his 

* Whilst this paper was in the press, our attention was drawn to a 
paper by Pohi (Nach. Ges. Wiss, Gottingen, Mathematisch-Physikalische 
Klasse, 1927) in which the absorption curves of ergosterol and vitamin D are 
described. The photoelectric and photographic methods are in substantial 
agreement. -V 
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co-workers (Ber., 1924, 57, 1938, 1945) have used this reaction for 
the synthesis of anthoeyanidins from 3-methosycoumarins. On the 
other hand, Houben (Ber., 1904, 37, 498) has described the form¬ 
ation of dialkyl and diaryl derivatives of coumarin itself. Whereas 
magnesium alkyl halides led to the formation of 2; 2-dialkyl-A 3 - 
ehromens, magnesium phenyl bromide gave rise to the carbinol (I), 
the formation of which he attributed to a steric hindrance pre¬ 
venting the loss of water necessary for the production of the 
2 : 2 - diphenylehromen. 

The work described in the present paper was initially under¬ 
taken with the intention of synthesising flavylium chlorides con¬ 
taining methoxyl or hydroxyl in the 4-position; the latter would 
probably readily lose hydrogen chloride and pass into flavones. 
As, however, only diaryl products were obtained, a detailed 
investigation of coumarins substituted in the 3- and 4-positions 
was initiated which has led to the isolation of three distinct types 
of product. Two of these, differently constituted diarylchromens, 
are now described; the third, a series of benzopyrylium salts, will 
form the subject of a subsequent communication. While this work 
was in progress, a most noteworthy contribution to the subject 
was published by Lowenbein (Ber., 1924, 57,1517), who showed that 
the supposed diphenyl-o-hydroxystyrylcarbinol (I) of Houben is in 
reality 2:4-diphenylchroman-2-ol (II), which readily loses water 
on heating with glacial acetic acid, yielding 2:4-diphenyl-A 2 - 
ehromen (III). 


(I.) c 6 h 4 < 


CHICH-CPLj-OH 

OH 


o,h,<^:^. oh pl) 


In addition to the chromanol, he obtained a second compound 
which proved to he 2 : 2-diphenyl-A 3 -chromen (IV). 


(m.) o 6 H 4 < ( 


■CHPh'CH 


11 
CPh 


c 6 H 4 < 


CE9H 

0—CPh 2 


(rv.) 


Lowenbein also examined the 5:7-, 4:6-, and 4:7-dimethyl- 
coumarms, all of which, according to him, yielded the corresponding 
chromanols analogous to (II). v 

In the course of our own experiments, the action of magnesium 
phenyl bromide upon both 3-methyl- and 3-phenyl-coumarin was 
studied. In each case the corresponding chromanol was isolated, 
from which the elements of water were readily eliminated on heat¬ 
ing with glacial acetic acid, 2:4-diphenyl-3-methyl-A 2 -chromen and 
2:3:4-triphenyl-A 2 -ehromen, respectively, being formed. Since 
these compounds were prepared, a full description of the latter has 
been published by Lowenbein and Rosenbaum (Armalen, 1926, 

■ 223), who have prepared it both from 3-phenylcoumarin and 
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by the interaction of magnesium phenyl bromide upon 2 : 3-diphenyl- 
benzopyrylium perchlorate.* 


(V.) 


c 6 h 4 . 


HOH 
l/CMelCH 




OH 
I 

CP1i 2 h 


CH s -CH(OH)-CHO 

+ (VI-) 

CHPh 2 -OPh 


On the other hand, 4-methyl- and 4-methoxy-coumarins yield 
2 : 2-diphenyl-'i-methyl-k 2 -chromen (V) and 4- methoxy-2 : 2-diphenyl- 
A 3 -chromen (VII), respectively. 


(VH.) 


j/XOMe^CH 


c 6 h 4 \ 0 _ 


OH 


H 

CPh, OH 


Ph 2 CO 


According to Ldwenbein (be. cit.) } certain A 3 -chromens are con¬ 
verted into coumarone derivatives of the same empirical formula 
on boiling with glacial acetic acid. Neither of the above com¬ 
pounds (V and VII) was altered under such conditions. That, 
however, they are in reality A 3 -chromens has been definitely estab¬ 
lished by a study of their products of hydrolysis. 2 :2-Diphenyl- 
4-methyl-A 3 -chromen was refluxed for 24 hours with 50% potassium 
hydroxide solution; ring scission then occurred with production of 
benzhydryl phenyl ether (VI). With 4-methoxy-2 : 2-diphenyl-A 3 - 
chromen, refluxing for 5 hours with 33% potassium hydroxide 
solution was sufficient to cause complete scission. The product 
isolated in this case was benzophenone, cleavage occurring in the 
same manner as found by Baker (J., 1925, 127, 2349). These 
results, although not wholly in agreement with L&wenbein’s findings 
in the case of the 4 : 6- and 4 :7-dimethylcoumarins, harmonise well 
with the work of Kohler ( Amer . Chem. J., 1907, 38, 511), who 
has shown that addition of the Grignard reagent to afi-unsaturated 
ketones takes place both in the 1: 2 and in the 1:4 positions, the 
relative amounts of each compound formed being dependent on the 
nature of the unsaturated compound; e.g., the unsaturated ketone 
C 6 H 5 -CH:CH‘C0*C 6 H 5 gives mainly 1:4 addition (94—96%), 
whereas (C 6 H 5 ) 2 C;CH*CO*C 6 H 5 yields 100% of unsaturated alcohol 
owing to complete 1:2 addition. 

Our experiments with coumarins have led us to the de finit e 
conclusion that the primary reactions with the Grignard reagent 
follow a common course, the ultimate formation of a A 2 - or A 3 - 
chromen being influenced solely by the position of the substituent 

* Dr. Ldwenbein informs me (private communication) that he has also 
prepared 2:4-diphenyl*3-methyl-n 2 -chromen (m. p. 94°) by the decomposition 
of 2-phenyl-3-mefchylbenzopyrylmm perchlorate with magnesium phenyl 
bromide—I. M. H. 
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in the pyran ring. Two explanations may be presented to meet 
the above postulation. In the first place, the primary reaction 
involving one molecule of the Grignard reagent may result in the 
production of an ap-unsaturated ketone (VIII) and the subsequent 

(Viii.) C 6 H 4 <^ OMgBr ( ; 

reactions would then directly follow the Kohler rule. Where 
X = hydrogen, 1: 4 addition would chiefly occur with production 
of the enol (IX), from which the chromanol (X) would result, as 
pointed out by Lowenbein {Ber., 1924, 57, 1517), through intra- 




C 6 H 4 < 


ox:ch-cr 2 -oh 

oh 


(XI.) 


molecular rearrangement from the keto-form. On the other hand, 
where X is other than hydrogen, 1 :2 addition will take place, 
giving the styrylcarbinol (XI), which will immediately pass into the 
A 3 -chromen by loss of a molecule of water. Lowenbein considers, 
however, that A 3 -chromen formation occurs directly without open- 
ing of the lactone ring, since phenyl o-hydroxystyryl ketone yields 
only 2:4-diphenylchroman-2-ol when treated with magnesium 
phenyl bromide, whereas, as previously mentioned, coumarin gives 
both the chromanol and the A 3 -chromen. It will be conceded, 
however, that the reactions involved with the two compounds are 
not identical and that the presence of the free o-hydroxyl group in 
the ketone may well favourably influence the I : 4 addition. An 
alternative mechanism differing only in degree from the above, and 
equally explicable on the Kohler rule, may also be reached by 
assuming that the first reaction with the Grignard reagent com¬ 
prises direct addition without ring opening. The course of the 
subsequent reactions under these conditions is expressed by the 
following formulae: 



MgKBr 



c 6 h,< 


cx:9Y 


*^0—C(OMgBr)B, 

MgBBr | X=H 


—H,0 

A 3 -Chromen. 


w<§^ :c(0MeBt,E 


Y 

2:4-Diafylchroman-2-ol. 


Either explanation provides a perfectly general interpretation of 
the A 2 - or A 3 -diarylchromen formation and meets the problem 
presented by the 3-substituted coumarins which fail to yield 
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A 3 -diarylchromens, a result incompatible with the idea that inter¬ 
action can occur directly without scission of the lactone ring. The 
fact that whereas coumarin itself gives both the 1 :4- and 1 :2- 
addition products, whilst the 3-substituted coumarins give only 
1; 4-addition, is also in agreement with Kohler’s findings in the 
case of the unsaturated ketones C 6 H 6 'CH!CMe’CO*C 6 H 5 and 
C 6 H 5 -CH:CPh-CO-C 6 H 5 . 

The complete harmony between our experimental results and 
these theoretical deductions induced us to re-examine the products 
obtained from both 4:6- and 4:7-dimethylcoumarin, which, 
according to Lowenbein, yielded 2 :4-diphenylchroman-2-ol deriv¬ 
atives. Wor king in exact accordance with this author’s conditions, 
we failed to obtain from 4 : 6 - dime thy lc oumarin any trace of the 
so-called chromanol, m. p. 110°, but isolated in good yield a sub¬ 
stance, m. p. 127°, which corresponded to the compound obtained 
by Lowenbein by treatment of the chromanol with glacial acetic 
acid and to which he assigned the structure of 2 : 4-diphenyl-4 : 6- 
dimethyl-A 2 -chromen (XII). The main yield from 4 : 7-dimethyl¬ 
coumarin was a compound, m. p. 86°, apparently identical with the 
supposed 2 : 4-diphenyl-4 : 7-dimethyl-A 2 -chromen (m. p. 87°). In 
addition, a very small yield of a substance, m. p. 146°, was obtained 
of empirical formula C 23 H 22 0 2 , corresponding to the supposed 
2 : 4-diphenyl-4 : 7-dimethylchroman-2-ol of m. p. 144°. 


(XII.) 


HoG 



CMePh 

v 

/CPh 

0 


O .CMelCH-CPVOH 

\m 


'OH 


The fact that chromens were obtained directly from the products 
of the reaction is in itself some indication that these do not belong 
to the A 2 -series, and this we have proved by an examination of 
their scission products. Benzhydryl p-tolyl ether was obtained in 
good yield from the 4: 6-dimethyl compound. In the case of 
2 : 2-diphenyl-4 : 7-dimethyl-A 3 -chromen, in addition to benzhydryl 
m-tolyl ether, lactaldehyde, m. p. 105°, was isolated, thus definitely 
establishing the constitution of these compounds as diaryl-A 3 - 
chromens. 

The substance, m. p. 146°, is probably the intermediate diphenyl - 
2-hydroxyl : 4:-dimethylstyrylcarbinol (XIII), but the quantity at 
our disposal did not allow of detailed examination. 

We acknowledge our indebtedness to Dr. A. L5wenbein, with 
whom we have been in communication concerning the mechanism 
of the changes involved in these reactions, and who has freely 
given us the advantage of his views. 7, 
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Experimental. 

4c-Hydroxy-2 : 2-diphenyl-b?-chromen. —Magnesium phenyl bromide 
(prepared from bromobenzene, 14*5 g., magnesium turnings, 
2*5 g., and ether, 100 e.c.) was added to 4-hydroxycoumarin 
(5 g.), suspended in benzene (250 c.e.). A solid was rapidly pre¬ 
cipitated which did not redissolve after 5 hours’ heating under 
reflux. The reaction mixture was decomposed by ice-cold, dilute 
hydrochloric acid, unchanged bromobenzene and diphenyl were 
removed by steam distillation, and the residual solid was separated 
from unacted-upon 4-hydroxycoumarin by boiling with water, in 
which the latter was readily soluble. After drying, the chromen 
was crystallised from benzene and then twice from absolute alcohol, 
from which it separated in colourless needles, m. p. 230—231°. 
It is strongly acidic and dissolves readily in sodium hydroxide and 
sodium carbonate solutions; it gives no coloration with ferric chloride 
(Found : C, 83*9; H, 5*1. C 21 H 16 0 2 requires C, 84*0; H, 5*3%). 

4^Methoxy-2 : 2-diphenyl-A 2, -chromen (VTI).—This was prepared 
in an analogous manner by the action of magnesium phenyl bromide 
(from 14 g. of bromobenzene) upon a solution of 4-methoxyeoumarin 
(5 g.) in dry benzene (200 c.e.). The residue left after steam dis¬ 
tillation was filtered ofi, dried, and twice recrystallised from absolute 
alcohol, the chromen being obtained in colourless plates, m. p. 135° 
(yield, 7 g.) (Found : C, 84*1; H, 5*5. C^HjgOg requires 0, 84*1; 
H, 5*7%). It is readily soluble in the usual organic solvents. 

Hydrolysis. —The chromen (2 g.) was heated under reflux with 
33% potassium hydroxide solution (25 c.c.) for 5 hours. After 
dilution with water, the whole was extracted with ether, and the 
oil isolated from the extract was treated with hydroxylamine. The 
solid thus obtained, after crystallisation from alcohol, melted at 
139° and was shown to be identical with benzophenoneoxime by a 
mixed melting point with an authentic specimen. 

4 -Mdhoxy-2 : 2-dianisyl- A 3 - chromen , prepared from magnesium 
p-anisyl bromide by the method previously described, crystallised 
from benzene in colourless needles, m. p. 155° (Found: C, 76*8; 
H, 6*0. requires C, 77*0; H, 5*9%). 

2: 2-Diphenyl~4:-methyl-A?-chromen (V).—This was prepared by 
treating a solution of 4-methylcoumarin (10 g.) in benzene (150 c.c.) 
with magnesium phenyl bromide (bromobenzene, 30 g.) in dry 
ether (100 e.c.). After boiling under reflux for 4 hours on the 
water-bath, the whole was steam-distilled and the residue extracted 
with ether. After removal of the solvent from the dried extract, 
crystals contaminated with some oily material were obtained. The 
oil was removed by treatment with a small quantity of alcohol, and 
the yellow solid recrystallised from benzene and again from glacial 
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acetic acid; the chromen then separated in colourless prisms, m. p. 
89° (Found: C, 88*7; H, 64. C 22 H 18 0 requires C, 88*6; H, 6-1%). 

Hydrolysis. Isolation of benzhydryl phenyl ether (VI). The above 
chromen (0*5 g.) was gently boiled under reflux with 50% potassium 
hydroxide solution (15 c.c.) for 24 hours. After cooling, the reaction 
mixture was extracted with ether. The oil left after removal of 
the solvent from the washed and dried extract solidified on standing 
and then crystallised from a very small volume of light petroleum 
in colourless needles, m. p. 56°. The compound was insoluble in 
aqueous sodium hydroxide and gave no colour reaction with ferric 
chloride (Found: C, 88*0; H, 6*4. C 19 H 16 0 requires C, 87-8; 
H, 6-2%). 

2 : 2-Diphenyls : ^-dimethyl-A z -chromen. —The Grignard reaction 
in this case was carried out in a similar manner to that described 
by Lowenbein {loo. cit.) by the slow addition of magnesium phenyl 
bromide (from bromobenzene, 14 g.) to a hot solution of 4; 6-di- 
methylcoumarin (5 g.) in benzene (120 c.c.). The reaction mixture 
was then heated on the water-bath for J hour, decomposed by 
means of cold ammonium chloride solution, and steam-distilled to 
remove bromobenzene and diphenyl. The residue, which became 
solid after 24 hours, was then separated and rubbed with a small 
quantity of ether, which induced it to crystallise. The product 
was reerystallised from alcohol, separating in colourless rhombs, 
m. p. 126°. The ether used to crystallise the residue from the 
steam distillation deposited more of the same compound (Found: 
C, 88*3; H, 6*5. C^H^O requires C, 884; H, 64%). 

Hydrolysis. Isolation of benzhydryl p -tolyl ether. The chromen 
(2 g.) was gently boiled under reflux with potassium hydroxide 
solution (25 g. in 25 c.c. of water) for 24 hours. After cooling, 
the yellow, alkaline solution, together with some solid material, was 
extracted with ether, and the extract was well washed with water, 
dried, and evaporated. The residual solid crystallised from 90% 
alcohol (animal charcoal) in colourless rhombs, m. p. 96°, which 
were insoluble in sodium hydroxide solution (Found: C, 87*8; 
H, 5*9. C^H^O requires C, 87*6; H, 5*8%). 

Diphenyl-2-hydroxy-$ : 4z-dimethylstyrylcarbinol (XIII).—4 : 7-Di- 
methylcoumarin was treated with magnesium -phenyl bromide as 
was the 4:6-isomeride. The resinous product from the steam 
distillation was dried between porous tiles and then vigorously 
scratched with ether, whereupon it crystallised. The crystalline 
mass so obtained was filtered o2 and twice reerystallised from 90% 
alcohol, from which the carbinol separated in colourless needles, 
m. p. 146° (yield, 10%) (Found: C, 834; H, 64. 0^0. 
requires C, 83*6; H, 6*6%). 
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2 : 2-DiphenylA : 7 -dimethyl- A 2 -cJirornen. —This compound was 
obtained in two ways : (a) The ethereal filtrate after removal of 
the preceding carbinol deposited, on slow evaporation, a large 
quantity of a solid, which crystallised from alcohol in colourless 
needles, m. p. 86° (yield, 75%). ( b) Diphenyl-2-hydroxy-p: 4- 
dimethylstyrylcarbinol (1 g.) was heated under reflux for 1 hour 
with glacial acetic acid (20 c.c.). The gummy residue obtained on 
dilution with water was crystallised from alcohol, yielding glistening, 
colourless needles, m. p. 87°, identical with the product in (a) 
(Found: C, 88*3; H, 6-7. C 23 H 20 O requires C, 88*4; H, 6*5%). 

Isolation of Benzhydryl m-Tolyl Ether. —This hydrolysis was 
carried out in three ways : (a) As in previous cases, the chromen 
(2 g.) was heated for 24 hours with potassium hydroxide solution 
(25 g. in 25 c.c. of water). The crude product crystallised from 
alcohol in colourless needles, m. p. 125°. (6) The chromen (2 g.) 
was heated with potassium hydroxide (15 g. in 25 c.c. of water) 
at 180° in an autoclave for 4 hours. The product was washed with 
water (200 c.c.), and the solid crystallised twice from 75% alcohol 
in presence of animal charcoal. It was thus obtained in colourless 
needles identical with those in (a), (c) The chromen (1 g.) was 
fused with potassium hydroxide (10 g.) and, when cold, the mass 
was dissolved in water and extracted with ether. After purification, 
the substance described in (a) and (b) was obtained (Found: C, 
874; H, 5*9. C 20 H 18 O requires C, 87*6; H, 5*8%). 

The alkaline solution from (c) was rendered acid, and the solution, 
which contained a small quantity of solid material, was extracted 
with ether. After removal of the solvent, the residue crystallised 
from a small volume of methyl alcohol in colourless needles, m. p. 
103—105°. It readily reduced Fehling’s solution and Tollens’s 
reagent and was identical with lactaldehyde in all respects. 

2 : 4:-Diphenyl-Z-mefhylchro7mri-2‘Ol. —3-Methylcoumarin (10 g.), 
dissolved in benzene, was heated for 4 hours on the water-bath 
with magnesium phenyl bromide (3 mols.). * The reaction mixture 
was decomposed with dilute hydrochloric acid and steam-distilled. 
The non-volatile residue was collected and crystallised from alcohol 
and finally from benzene, from which the chromanol separated in 
colourless crystals, m. p. 149° (Found : C, 83*9; H, 6*1. CooHonCX, 
requires C, 83*5; H, 6*3%). f 

2 : 4c-Diphenyl-%-meihyl-A 2 -chromen was prepared by boiling the 
above chromanol (1*5 g.) with glacial acetic acid (10 c.c.) for 1 hour. 
The cold solution was diluted with water, and the precipitate 
crystallised from alcohol, the chromen separating in colourless 
needles, m. p. 91° (Found : C, 88*5; H, 6*2. C 22 H 18 0 requires C, 
88*6; H, 6*1%). 
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In conclusion, we desire to express our thanks to the Council of the 
Department of Scientific and Industrial Research for a grant to one 
of us (D. W. H.) which has enabled this research to be carried out. 
The University, Liverpool. [ Received , June 8th, 1927.] 


CCLXV .—The Condensation of Chloral with Phenol . 

By Frederick Daniel Chattaway and Alexander Allan 

Morris. 

It has been shown recently (J., 1926, 2720; this vol., p. 685) that 
in presence of concentrated sulphuric acid, chloral reacts readily 
with ^-nitrophenol and with hydroxy benzoic acid, yielding 
respectively anhydro-5-nitro- (I) and anhydro-5-carboxy-2-(3p|S-tri- 
ehloro-a-hydroxyethoxy-1 - (3 (3 (3- trichloro- a Ay dr oxy ethylbenzene (II) 


O-CH-CCL 

A >° 

( \ch-ccl 

o 

NO. 


o-cH-ca, 

>0 

JH-CCL, 



O-CH-CCL 

A >° 

NO/ \CH-CC1 3 

no 2 

(III.) 


(I.) (II.) 

Chloral appears to condense in this way only with phenols in 
which the hydrogen in the para-position to the hydroxyl has been 
replaced by other groups. 

When phenol itself is added to chloral suspended in concentrated 
sulphuric acid, an immediate reaction occurs, and an oily liquid 
separates which rapidly changes into an opaque, white solid. This 
readily dissolves in alcohol, giving a colourless solution from which 
nothing crystallises on cooling. On evaporating off the solvent, a 
viscid liquid is left which solidifies to a colourless, transparent, resin¬ 
like mass, the constitution of which has not yet been determined. 

If, however, the phenol is first dissolved in the sulphuric acid, 
whereby p-phenolsulphonic acid is formed, this on addition of 
chloral slowly reacts, forming a compound (IV) analogous in struc¬ 
ture to the above (I and II). 

OH OH 0*CH(0H)-CC1 3 


H,S0, 


0HO-CC1, 


S0 3 H 



H,S0, 


OH 0-CH(0H)-CCl 3 

!H(OH)-CClg OHO - OOI f /\CH(0H)-CC1 3 h.so, 

SO,H 



O-CH-CCls 

>° 

m-CClg 
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This compound behaves in all respects as a normal sulphonic 
acid. It is a colourless solid with no definite melting point. It 
crystallises with three molecules of water, two of which can be 
removed by heating, and forms well-crystallised salts. When acted 
upon by phosphorus pentachloride, it forms a sulphonyl chloride . 
This with ethyl and methyl alcohol yields esters , with ammonia a 
sulphonamide, and with aniline a sulphonanilide. 

Its constitution is similar to that of the condensation product (I) 
yielded by jp-nitrophenol, since both compounds on nitration yield 
anhydro- 3 : 5-dinitro-2-$$$4r ichloro-ai-hy dr oxy ethoxy-!-$$$-trichloro- 
a-hydroxyethylbtnzene (III). 

The molecules of water are probably attached to the sulphonic 
residue, the anhydride ring remaining unbroken, since, although 
only two are removed by heating, yet the ammonium salt is obtained 
in the anhydrous condition. 

The constitution of the acid is further confirmed by the product 
of the action of alcoholic potash on the dinitro-derivative (III), 
whereby &&-dichloro -3 : 5 -dinitro -2 -eikoxyacetophenone (V) is formed, 
which on oxidation by potassium permanganate'yields 3 : 5-dinitro- 
2-ethoxybenzoic acid (VI). 


0-c 2 h 5 o-c 2 h 5 

(in.) NOaj/^jCO-CHCla NO/'Nc° 2 H 

(V.) . \/ (VI.) 


V 

NO, 


NO, 


Experimental. 

Arihydro-2 -(3 p p -trichloro - a-hydroxyethoxy -1 - p p $-trichloro-a-hydroxy- 
eihylbenzene-b-sulphonic Acid (IV).—Phenol (100 g.; 1 mol.) was 
added slowly to 1000 c.c. of well-cooled sulphuric acid (d 1*8). 
After an hour, 400 g. of chloral hydrate (2 mols. -f 50 g. excess) 
were gradually added with constant stirring. The mixture was 
then kept at the ordinary temperature for 4 days with occasional 
vigorous shaking. Reaction slowly took place, a bulky, white 
solid separating in the body of the solution, whilst a solid crust of 
metachloral formed on the surface. The solid products were filtered 
off on asbestos, and extracted with boiling water until the filtrate 
no longer deposited crystals when cooled and strongly acidified. 
The sulphonic acid was thus separated from the metachloral, which 
was left as a white solid insoluble in boiling water. The filtered 
aqueous extracts were mixed and evaporated until oily streaks 
appeared on the surface of the boiling liquid. On cooling, the 
sulphonic acid separated in viscid oily drops which crystallised into 
a mass of very thin, lustrous plates (yield, 150 g.). The sulphonic 
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acid is moderately easily soluble in boiling benzene and separates 
from this solution in very thin, colourless, lustrous, irregular plates 
containing three molecules of water (Found: C, 23*75; H, 2*3; 
a, 42*2. C 10 H 6 O 5 Cl 6 S,3H 2 O requires C, 23*8; H, 2*4; Cl, 42*1%), 

When heated, the trihydrated acid partly liquefies between 125° 
and 130°, small prismatic crystals of a monohydrated acid separating. 

When heated for £ hour at 110°, the acid loses two molecules of 
water, leaving a crystalline aggregate of small, colourless, prismatic 
crystals of the monohydrated acid (Found : Loss of water at 110°, 
7*0. C 10 H 6 O 5 Cl 6 S,3H 2 O —>- H 2 0 requires loss of water, 7*1%). 

The monohydrated acid is very easily soluble in alcohol and 
acetone, and very sparingly soluble in boiling benzene and chloro¬ 
form. It can be recrystallised by dissolving it in boiling acetic 
acid and adding concentrated hydrochloric acid a little at a time 
until the solution shows a slight turbidity. On cooling, the acid 
separates in small, colourless prisms which melt with decomposition 
between 150° and 166° (Found : C, 25*5; H, 1-7; Cl, 45*3; S, 7*0, 
C 10 H 6 O 5 Cl 6 S,H 2 O requires C, 25*6; H, 1*7 ; Cl, 45*4; S, 6*85%). 

When moistened with a little cold water, the crystals of the 
monohydrated acid swell up into an amorphous sticky mass, which 
on warming gives a clear solution from which the hydrated acid 
crystallises on addition of a little concentrated hydrochloric acid. 

It forms an anhydrous ammonium salt which crystallises from a 
dilute aqueous solution of ammonia in very small, colourless prisms 
(Found: C, 25*9; H, 2*0; Cl, 45*5. C 10 H 9 O 5 NCl 6 S requires C, 
25*65; ja, 1*9; Cl, 45*5%). 

Nitration of Anhydro-2- $$$4richloro-u.-hydroxyethoxy-l-$$$4ri- 
chtoro-a.-hydroxyethylbenzme-5-sulphonic Acid. —The sulphonic acid 
(40 g.) was added to a mixture of 150 c.c. of nitric acid (d 1*5) and 
5 c.c. of concentrated sulphuric acid and heated to boiling. After 
cooling, the brown solution was poured on crushed ice; the dinitro¬ 
compound (III) then separated as a greenish-white solid, which, 
after drying, was recrystallised from boiling alcohol. 

A product similar in every way was obtained when anhydro- 
5-nitro-2-ppp-trichloro-a-hydroxyethoxy-l-ppp-trichloro-a-hydroxy*‘ 
ethylbenzene was nitrated in the same manner. 

Anhydro -3 : 5-dinitro-2 - p pp - tricMoro - a - hydroxyethoxy -1 - ppp - tri- 
chbro-ct-hydroxyetkylbenzene (III) is easily soluble in boiling acetic 
acid, alcohol, acetone, and benzene, and crystallises from all these 
solvents in two polymorphic modifications. On cooling, a solution 
of the compound in about three times its weight of boiling alcohol the 
labile modification first separates as slender, silky needles* On allow¬ 
ing these to stand in the mother-liquor, pale yellow rhombohedra of 
the stable form appear and grow at the expense of the labile form, 
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which dissolves and finally disappears. Both forms melt at 163° 
(Found: N,6*0; Cl,46*1. C 30 H 4 O 6 N 2 Cl 6 requiresN,6-1; Cl,46*2%). 

The position of the second nitro-group in this compound was 
established by its behaviour with alcoholic potash. The finely 
powdered dinitro-compound (25 g.) was gradually added to a 
solution of 30 g. of potassium hydroside in 400 c.c. of alcohol, 
well cooled in a freezing mixture; it dissolved, giving a deep red 
solution, and chloroform was produced. After about 15 minutes, 
the liquid was neutralised by hydrochloric acid and the alcohol 
distilled off in a current of steam; uu>-dichloro-3 :5-dinitro-2-ethoxy - 
acetophenone (V) then separated as a liquid, which on cooling 
solidified to a crystalline, yellow mass (17*5 g.). It is readily 
soluble in boiling alcohol, from which it separates in small, yellow 
prisms, m. p. 82—84°, which darken when exposed to strong sunlight 
(Found: N, 8*7; Cl, 22-2. C 10 H 8 O 6 N 2 Cl 2 requires NT, 8*7; d, 22*0%). 

It yields an osazone, 

0Et-C 6 H 2 (N0 2 ) 2 -C(:N-NH-C 6 H 3 (^)-CH:N-im-C e H 3 a 2 , 
when heated with an alcoholic solution of 3 :5-dichlorophenyl- 
hydrazine. This compound is very sparingly soluble in boiling 
chloroform, from which it separates in minute, orange needles, 
m. p. 224° (Found: N, 14-4; Cl, 24*6. C 22 H le 0 5 NgCl 4 requires 
N, 14*3; Cl, 24*2%). 

Oxidation of <d<a-Dichloro-3 : 5-dinitro-2-ethoxijacetopkenone by Per¬ 
manganate .—Qco-Diehloro-3 : 5 - dinitro - 2 - ethoxy ace tophenone (15 g.) 
was added to a hot aqueous solution of 15 g. of potassium per¬ 
manganate, and boiled until the oily drops first formed on the 
addition of the compound disappeared. The deep yellow filtrate 
from the precipitated manganese dioxide was concentrated, and 
an excess of hydrochloric acid added; 3 : o-dimtro-2-ethoxybenzoic 
acid then separated, m. p. 132*5° (compare Ullmann, Annalen , 
1909, 336, 85) (Found: C, 42*6; H, 3*3; N, 10*9. Calc, for 
C 9 H 8 0 7 N 2 : C, 42*2; H, 3*1; N, 10*9%). 

Arihydro-2-$$$4richloro-oL-JiydroxyethQxy-l-$$$4richloro-tt~hydro%y~ 

eihylbenzene-5-syIphonyl Chloride , O<C02|qq 3 |!^>C 6 H 3 *SO 2 C1.— 

The monohydrated acid (30 g.) and powdered phosphorus penta- 
ehloride (55 g.) were heated on the water-bath for 5 minutes, and 
the viscous pale brown oil formed was poured slowly over crushed 
ice. The sulphonyl chloride separated as a white solid, and crystal¬ 
lised from ether-light petroleum in very slender, colourless needles, 
m. p. 130*5° (Found: C, 25*5; H, 1*3; 0,52-6. C 10 H 5 O 4 Cl 7 S 
requires C, 25*6; H, 1-1; Cl, 52*9%). 

When boiled with any alcohol it reacts readily and yields the 
corresponding alkyl sulphonate. The methyl ester separates from 
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boiling methyl alcohol, in which it is moderately easily soluble, in 
small, highly refracting, colourless prisms, m. p. 150° (Found : C, 
28*3; H, 1*7; Cl , 45*7. C n H 8 0 5 Cl 6 S requires C, 28*4; H, 1*7; Cl, 
45*8%). The ethyl ester separates from boiling ethyl alcohol in small, 
colourless, elongated, irregular plates, m. p. 143° (Found : C, 29*4; 
H, 2*2; Cl, 44*5. C 12 H 10 O 5 Cl 6 S requires C, 30*1; H, 2*1; Cl, 44*4%). 

The sulphonyl chloride also reacts readily with ammonia and 
with aniline in boiling alcohol to form a sulphonamide and a sulphon- 
anilide. 

Anhydro-2-$$$-trichloro-cL-hydroxyethoxy-l-$$$4richloro-ct.-hydroxy- 
ethylbenzene-5-sulphonamide separates from boiling alcohol, in which 
it is readily soluble, in colourless, small, silvery plates, m, p. 207° 
(Found: N, 3*2; Cl, 47*3. C 10 H 7 O 4 NCl 6 S requires N, 3*1; Cl, 47*3%). 

When dissolved in acetic acid and chlorinated, it yields anhydro- 
2 -fififi-trichloro-a-hydroxy ethoxy- 1 -$$$-trichloro-u-hydroxy ethylbenzene- 
5-sulphondichloroamide, which dissolves easily in chloroform and 
separates in colourless, slender prisms, m. p. 165—174° (decomp.) 
(Found: Cl as *NC1 0} 13*4. C 10 H 5 O 4 NC1 s S requires Cl as NC1 2 , 
13*7%). 

Anhydro-2-$$$4richloro-tt-hydroxyethoxy-l~$$$-trichloro-ac-hydroxy- 
ethylbenzene-5-sulphonanilide crystallises from dilute alcohol in very 
slender, silky, hair-like prisms, m. p. 168*5° (Found: N, 2*7; Cl, 
40*5. C 1(5 H n 0 4 NCl 6 S requires N, 2*7; Cl, 40*5). 

The Queen’s College, Oxeobd. [Received June 24 th, 1927.} 


NOTES 

Co-ordination Compounds of Beryllium and m- and p -Nitrobenzoyl- 
acetone. By Heney Burgess. 

The mutarotation of beryllium benzoylcamphor was attributed to 
an asymmetric arrangement around the beryllium atom by Lowry 
and Burjgess (J., 1924, 125, 2082), but owing to the occurrence of 
two asy mm etric carbon atoms in the camphor nucleus, rigorous 
proof of the suggestion could not be obtained. It was proposed to 
confirm it by using an unsymmetrical (3-diketone or (3-ketonic ester 
which contained no asymmetric carbon atom and the basic or 
acidic group necessary for the resolution, p- and m-Aminobenzoyl- 
acetone and ethyl p-nitrobenzylacetoacetate appeared to fulfil these 
conditions. Owing to the resolution of beryllium benzoylpyruvate 
by Mills and Gotts (J., 1926, 3121), it was decided to place on record 
the results already obtained. 

p-Nitrobenzoylacetone .—Freshly powdered sodamide (10*5 g.) was 
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slowly added to ethyl p-nitrobenzoate (50 g.) and acetone (19-8 c.c.) 
in dry ether (150 c.c,), cooled to —17°. The mixture immediately 
became greenish-black and ammonia was evolved. After being kept 
for 2 hours in the freezing mixture and for 20 hours at room temper¬ 
ature, the product was poured into ice-water, the ether separated, 
and the aqueous layer extracted twice with chloroform. (From 
these extractions, 16 g.„ of ethyl p-nitrobenzoate were recovered.) 
The aqueous layer was filtered -through charcoal and acidified, and 
the resulting precipitate was filtered off and dried. This solid was 
extracted several times with ether, the ethereal solution was evapor¬ 
ated, and the resulting yellowish-brown crystals were recrystallised 
from methyl alcohol (yield, 1*5 g.), p -nitrdbenzoylacetone being 
obtained in golden-yellow needles, m. p. 112—113*5° (Found: C, 
58*1; H, 4*5; N, 6*8. C^HAN requires C, 57*95; H, 4-4; N, 
6*8%). It is readily soluble in ordinary organic solvents except 
the cold alcohols and is insoluble in water. With caustic soda, it 
gives a bright yellow solution, and with copper acetate it'produces 
a green precipitate, which is soluble in chloroform. 

Beryllium p- nitrobmzoylacetone was obtained in nearly theoretical 
yield by the method described for beryllium benzoyleamphor ( loc. 
cit.) (Found : C, 57*6*; H, 3*9*; Be, 2-2*. C 20 H 1G O 8 N 2 Be requires 
C, 57*0; H, 3*8; Be, 2*1%). It is readily soluble in chloroform 
and hot benzene, from which it separates in brownish-yellow, 
compact crystals, m. p. 243—244°. It is sparingly soluble in alcohol 
and insoluble in water. 

m -Nitrdbenzoylacetone. —Preliminary experiments having shown 
that benzovlacetone can be recovered quantitatively from con¬ 
centrated sulphuric acid at room temperature, the following nitra¬ 
tion was carried out: A mixture of nitric acid (d 1*42; 7 c.c.) 
and sulphuric acid (d 1*84; 24 c.c.) was slowly added to benzoyl- 
acetone (15 g.) in sulphuric acid (100 c.c.), mechanically starred and 
kept at —11° to —9°. After 15 minutes, the product wA poured 
on ice; the precipitate obtained crystallised from hot metlJ|l alcohol 
in very pale yellow needles, m. p. 114—115° (p-nitrobenzcwlacetone 
depresses the m. p. by 20°) (yield, 47%) (Found: C, I>8*1; H, 
4*6%). m-Nitrobenzoylacetone is easily soluble in ordinary organic 
solvents except the cold alcohols and ligroin. The yellow color¬ 
ation with alkalis is less intense than that of the p-nitro-derivative. 
With alcoholic ferric chloride, it gives a wine-red colour. 

Beryllium m-nilrobenzoylacetone, prepared by the usual method, 
crystallised from acetone-alcohol in orange-yellow, square plates, 
m. p. 207—208° (Found ; C, §7-3*; H, 3*9*; Be, 2-1%). It is 

* Values so marked are the results of micro-estimations carried out by 
Siegmund Weil, Tubingen. 
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readily soluble in chloroform and benzene, less soluble in acetone, 
and slightly soluble in alcohol. 

Ethyl Bis-p-nitrobenzylacetoacetate. —p-Nitrobenzyl bromide was 
slowly added to an equivalent quantity of ethyl sodioacetoacetate 
in absolute alcohol, sodium bromide being precipitated. After 
heating for 2 hours, the alcohol was evaporated, water added, and 
the precipitate crystallised from acetone-methylated spirit, ethyl 
bis-p-nitrobenzylacetoaceta-te separating in colourless flakes, m. p. 
137—139° (Found: C, 60*5, 60*0; H, 5*0, 4*6; N, 6*8, 6*7. 
C 20 H 20 O 7 N 2 requires C, 60*0; H, 5*0; N, 7*0%). It is readily 
soluble in acetone, ether, chloroform, and hot benzene, and sparingly 
soluble in cold alcohol. It gives a coloration neither with caustic 
soda nor with ferric chloride. 

Ethyl p- Nitrobenzylacetoacetate .—The mother-liquor from the 
above compound left an orange-coloured oil on evaporation. This 
solidified when cooled in the ice-chest, and crystallised from 
benzene-ligroin in very pale yellow needles, m. p. 43—45° (Found : 
C, 59*05; H, 5*8. C 13 H 15 0 5 N requires C, 58*8; H, 5*7%). It is 
very soluble in all organic solvents except ligroin, in which it is 
sparingly soluble. With caustic soda, it gives an intense yellowish- 
orange coloration, and with ferric chloride a deep reddish-purple 
colour slowly develops. Copper acetate precipitates a green copper 
derivative, which is soluble in chloroform. 

I wish to take this opportunity of expressing my thanks to the 
Chemical Society for a grant towards the expenses of the research, 
and also to Professor C. S. Gibson for his helpful criticism and 
encouragement.— Guy’s Hospital Medical School. [Received, 
March 21st, 1927.] 

The Redaction of Arsenic Compounds in Acid and in Alkaline 
Sohs^on by Sodium Hyposulphite ( Hydrosulphite ). Production 
of indium Arseno-hyposulphite . By Waltek Fabmee and 
Jam^B Beiekley Fieth. 

In an investigation on the reduction of certain arsenic compounds 
by sodium hyposulphite, in which a product corresponding to 
arsenic subsulphide, As 3 S, was isolated (J., 1926, 119), it was 
inferred from preliminary experiments (and existing literature) 
that two intermediate complex compounds are formed, one of 
which is a decomposition product of the other. 

The Primary Intermediate Complex, Sodium Arseno-hyposulphite , 
Na 3 As(S 2 0 4 ) 3 .—Preliminary experiments carried out in glass vessels 
indicated that, in the presence of alcohol, shaking of an alkaline 
solution of trisodium arsenite containing hyposulphite was followed 
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by formation of two unstable precipitates, one of which was heavier 
than the other. Similar heavy precipitates were obtained when 
concentrated solutions of common sodium arsenate were used. 

The products adhered to the walls of the vessel, and became 
viscous when treated with dilute alcoholic potash. In subsequent 
experiments, quartz containers were employed. 

Sodium hyposulphite (2-75 g.) was introduced into a cold solution 
of 2*75 g. of common sodium arsenate in 3 c.c. of water to which 
a whirling motion had been imparted. The flask was closed, and 
the wh ir ling maintained. Dissolution of the last traces of sodium 
hyposulphite was accompanied by formation of a heavy, granular 
solid, which settled in increasing quantity when the flask was kept 
at room temperature. The supernatant liquor was decanted off 
after 15 minutes, and the granular solid was washed five times by 
decantation with methylated alcohol and four times with benzene 
and kept in a quartz dish in a vacuum over sulphuric acid for 
24 hours. A creamy-white powder was obtained (yield, 1 g.). 

When a small quantity of the product was strongly heated in a 
Bunsen flame, a brown and a yellow sublimate formed and a garlic 
odour developed. If cautiously heated, the product first turned 
brown and, when more strongly heated, gave a brown and a yellow 
sublimate as before. When a small quantity of the product was 
treated with dilute hydrochloric acid, sulphur dioxide was evolved, 
and a brown product similar to that described in the previous paper 
{be. cit.) formed. 

Estimations of the arsenic content of the product, as magnesium 
pyroarsenate, gave : As, 14*1, 14*1, 14*1, 14*0%. Estimations of 
hyposulphite by Wilkes’s method ( J. Soc. Chem. Ind ., 1923, 42, 
356t) were based on the view that, in presence of hypoiodous acid, 
hydrolysis of 1 g.-moi. of arseno-hyposulphurous acid, H 3 As(S 2 0 4 ) 3 , 
is attended by liberation of 4 g.-mols. of iodine according to the 
following equations : ft 

(1) H3As(S 2 0 4 ) 3 + 3H 2 0 - H 3 AsO s + 3H 2 S 2 0 4 , f 

(2) H 3 As0 3 + 2HIO + 3K0H = I 2 + K 3 As0 4 + 4BT 2 0, 

(3) 3H 9 So0 4 + 9KIO + 6KOH = 6KHS0 4 + 9KI + 3H 2 0, 

(4) 6KHS0 4 + 3KEO + SKI = 3I 2 + 6K>S0 4 + 3H 2 0. 

Two samples gave: S 2 0 4 , 70*9, 70*5 [Na3As(S 2 0 4 ) 3 requires As, 
14*2; S 2 0 4 , 72*7%]. 

The Secondary Intermediate Complex, Sodium Arseno-thiosulphate, 
Na 3 As(S 2 O s ) 3 .—Standard solutions of potassium hydroxide and 
hydrochloric acid of the same normality were prepared. 25 C.c. 
of the standard alkali in which 1 g. of sodium arseno-hyposulphite 
(1 mol.) and the calculated quantity of sodium sulphite (3 mols.) 
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had been dissolved were rapidly added to 25 c.c. of the standard 
acid containing 2*5 c.c. of concentrated acid. A turbidity developed, 
followed by precipitation of arsenious sulphide. Decomposition of 
sodium arseno-hyposulphite in presence of sodium sulphite by this 
neutralisation method is considered to lead to formation, and rapid 
decomposition, of sodium arseno-thiosulphate, arsenious sulphide 
being one of the products (compare Jellinek, J5. physical. Chem., 
1911, 76, 257; Szil&gyi, Z. anorg . Chem 1920, 113, 69).— Univer¬ 
sity College, Nottingham. [Received, April 8 th, 1927.] 


The Displacement of Bromine accompanying the Nitration of 6-Bromo 
homoveratrole . By Tom Heap, Thomas G. H. Jones, and 
Bobebt Bobinson. 

Jones and Bobinson (J., 1917, 111, 919) described the conversion 
of 6-bromohomoveratrole (I) into a mononitro-derivative, m. p. 
121°, by the action of a mixture of nitric acid and acetic anhydride. 

Me0/\Br MeO /\n 0 2 MeO/\Br MeO/\lSr0 2 

MeOt JMe MeOl JMe MeOl JN0 2 HOlJMe 

(I.) (H.) (III.) (IV.) 

We have, however, been unable to repeat the preparation of the 
mtro-derivative, since, on several occasions, following the description 
as closely as possible, the sole product of a sluggish reaction was 
6-nitrohomoveratrole (H) (yield, 36%). Although it may be that 
some variation of the conditions is responsible for this divergence, 
we think it more likely that the observation of Jones and Bobinson 
was erroneous as the result of contamination of the creosol em¬ 
ployed with guaiacol and that the compound isolated was 4-bromo- 
5-nitroveratrole (III), m. p. 124° (or 121—122°, see below). 

It is no longer necessary to employ beechwood tar as a source of 
creosol, since the pure phenol can be readily obtained from vanillin 
by Clemmensen’s method. 

6 -Brormhcmoveratrole (J).—The reduction of vanillin (100 g.) 
by means of amalgamated zinc and hydrochloric acid (Oberlin, 
Arch . Pharm 1925, 263, 641) gave creosol (60 g.), b. p, 220—225°/ 
760 mm., which was converted by known methods into homovera¬ 
trole, b. p. 218—220°, m. p. 22° (yield, 91%), and then into 6-bromo- 
homoveratrole, b. p. 265—267°, m. p. 31° (yield, 94%). The latter 
crystallised in truncated octahedra, and, on oxidation with potassium 
permanganate and boiling dilute aqueous sodium hydroxide for 
1| hours, yielded 6-bromoveratric acid; this, alone or mixed with 
a specimen obtained by brominating methyl veratrate and hydrolys- 
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ing the product, melted at 183—184°. When treated with a mixture 
of acetic anhydride and nitric acid under the conditions prescribed 
by Jones and Robinson (loo. cit.), bromohomoveratrole (20 g.) gave 
6-nitrohomoveratrole (8*5 g.), which crystallised in yellow needles 
from methyl alcohol; m. p. 117—119°, alone or mixed with an 
authentic specimen (Found: C, 55-0; H, 5-8. Calc, for CgH^O^N: 
C, 54-8; H, 5*6%). 

6-Nitroisocreosol (IV).—Cardwell and Robinson (J., 1915, 107, 
256) commented on the fact that 6-nitrohomoveratrole is not 
readily hydrolysed by alkalis. It is certainly less readily attacked 
than nitroveratrole, but by following the procedure of Pollecofi 
and Robinson (J., 1918, 113, 647) for the preparation of 4-nitro- 
guaiacol an almost theoretical yield of the nitroisocreosol was 
obtained in 73 hours. The substance crystallised from aqueous 
alcohol in slender, pale yellow needles, m. p. 168—170° (Found: 
C, 52-6; H, 4-6; N, 7-6. CgHgOjN requires C, 52-5; H, 4 9; 
N, 7-7%). The acetyl derivative crystallised from alcohol in colour¬ 
less, elongated, hexagonal plates, m. p. 100—101°. On methylation 
the phenol yielded 6-nitrohomoveratrole, m. p. 117—110°. The 
conditions applicable for its further nitration to 2:6-dinitrowo- 
creosol were not ascertained, since the action of nitric acid led to 
the production of soluble orange-red substances. 

Q-Bromoveratric Acid. —When methyl veratrate is brominated 
in cold acetic acid solution and the product crystallised, the yield 
of pure methyl 6-bromoveratrate, m. p. 88—89°, is not satisfactory, 
and Professor Smiles has suggested to us that methyl 2-bromo* 
veratrate may be produced in the reaction. On treatment with cold 
nitric acid (d 1-42) pure 6-bromoveratric acid, m. p. 183—184°, gave 
a 50% yield of 4-bromo-5-nitroveratrole, m. p. 121—122°, whilst the 
crude product gave a 36% yield of this substance under identical 
conditions. 4-Bromo-5-nitroveratrole, prepared from bromovera- 
trole, had m. p. 121—122°, and a mixture with the specimen from 
6-bromoveratric acid had the same m. p. The matter will be further 
investigated, our chief concern at the moment being to confirm 
the recorded m. p.’s of 6-bromoveratric acid and its methyl ester.— 
The University, Manchester. [Beceived, July llth, 1927.] 
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CCLXVL —The Constitution of Certain Salts and Acids 
in Solution as determined by Observations of Critical 
Solution Temperatures . 

By Sydney Raymond Carter and Norman Joseph Lane Megson. 

During the course of investigations on the behaviour of sulphur 
dioxide towards certain salts in acid solutions, the occurrence of 
complex formation with hydrogen chloride was frequently suspected. 
Thus, ferric chloride exhibited a far greater tendency than ferrous 
chloride to combine with hydrogen chloride (J., 1924, 125, 1886), 
whilst cupric chloride only appeared to do so at acid concentrations 
above IN (J., 1925, 127, 505). Recent work by one of us (this 
vol., p. 1918) has indicated pronounced combination between 
hydrogen chloride and mercuric chloride [see also Abegg, £e Handbuch 
der anorganisehen Ckemie,” 1905, II, (2), 641], whilst the reaction 
between hydrogen chloride and sulphur dioxide or selenium dioxide 
is much less marked and probably only evident in high concentrations 
of acid. 

It appeared that a study of the mutual miscibilities of liquids, as 
developed by Pfeiffer (Z. physikal. Chem ., 1892, 9, 444), Timmer- 
manns {ibid., 1907, 58, 128), and Patterson and his collaborators 
(J. Physical Chem., 1925, 29, 295; J., 1925, 127, 624, 2544; 1926, 
2787, 2791) might afford independent confirmation of such complex 
formation. We wished, however, to work at higher concentrations, 
if possible, and therefore it was necessary to test the applicability 
of the method in such cases, since recorded work has hitherto been 
restricted to the more dilute solutions. 

The elevation of the critical solution temperature ( C.S.T .) of a 
known mixture produced by each substance was determined separ¬ 
ately and then the elevation due to the mixture of the substance 
with hydrogen chloride was observed. Any decrease from the 
theoretical elevation was assumed (when not accounted for by other 
means) to be due to complex formation. Two systems were em¬ 
ployed: (1) water and phenol, and (2) water and isobutyric acid. 
The latter system, having a low C.S.T ., allows a considerable 
elevation before the boiling point is reached, and consequently a wide 
range of concentrations. It also has the advantage that the end¬ 
point is more easily determinable than is the case with phenol. 

Experimental. 

The determination of the C.S.T. was carried out in a test-tube 
fitted with a thermometer and glass stirrer. The apparatus was 
closed and provision was made for leading in a current of nitrogen 

3z • •• 
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if required. The temperature was controlled by a water-bath and 
the C.S.T. in the case of ^sobutyric acid was observed by the appear¬ 
ance or disappearance of turbidity, as judged with a constant 
illuminant behind the tube, whilst for phenol, the apparent dis¬ 
appearance of the thermometer bulb was employed, as recommended 
by Patterson. Readings obtained in this way were reproducible to 
± 0-02°. 

The isobutyric acid with water gave a O.S.T. of 18*07° over a range 
of 26*8—28*6% of acid. Since this value is low compared with 
some of the values in the literature, a small amount of impurity is 
evidently present, but as this is probably ^-butyric acid it is not 
likely to affect the results which follow. 

In these results, C is the molecular concentration of salt per 
1000 g. of total mixture (i.e., water, organic solvent, and solute); 
e is the elevation of the C.S.T. in degrees; and E is the molecular 
elevation, i.e., E = ejG. Table I gives the values of e for given 
concentrations of the separate constituents in the isobutyric acid- 
water system, as read from smoothed curves. 


Table I. 


G 

0-02. 

0*04. 

0*06, 

0*08. 

Se0 2 

0*52° 

1*00° 

1*48° 

1*96° 

HC1 

2*22 

4-00 

5*62 

7*20 

CuCl 2 

5-40 

10*28 

14*90 

19*14 

Fed 2 

5-80 

11*04 

15*96 

20*72 

FeCl 3 

5*25 

10*96 

17*60 

23*96 

C 

0*30. 

0*40. 

0*50. 

0*60. 

SeO a 

6*24° 

8*24° 

10*36° 

12*80° 

HCL 

21*18 

26*20 

31*50 

36*30 


0*10. 

0*12, 

0*16. 

0*20. 

0*24. 

2*40° 

2*78° 

3*56° 

4*30° 

5*08° 

8*62 

10*02 

12*64 

15*20 

17*68 

23*00 

26*98 

33*90 

40*22 

46*48 

25*14 

29*60 

38*30 

47-10 

(55*90) 

30*08 

35*76 

45*50 

(52*90) 

0*70. 

0*80. 

0*90. 

1-00. 

1*10. 

14*90° 

17*22° 

19*60° 

21*96° 

24*25° 

40*80 

45*10 

49*04 

52*78 

56*20 


If these values of e and G be plotted graphically, the curves, with 
the exception of that of selenium dioxide, deviate from straight lines, 
giving a curvature which is concave towards the concentration axis. 
This is in accordance with the decreased ionisation to be expected 
at the higher concentrations. 

Ferric chloride gives a curvature near the origin which is slightly 
different from the remainder. These effects are much more clearly 
shown by plotting E against G (see Fig. 1). 

For a normal substance such as hydrogen chloride, E increases 
with diminishing concentration as the result of ionisation. In the 
case of ferric chloride the increase ceases at G = 0*09 and E falls 
rapidly with further dilution. Since hydrolysis begins to be 
appreciable at about the same stage, it probably affords an explan¬ 
ation (Goodwin, Z. physikal. Ghem 1896, 21, 15). 

An interesting series of curves is obtained by plotting log e against 
log (?. They approximate to parallel straight lines over a fair 
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range of concentration, the exception being that of ferric chloride, 
which crosses those of cupric and ferrous chlorides. The straight 
lines are in accordance with the equation log e = m log 0 + b 9 
which gives the relation e = AC m , proposed by Carrington, Hickson, 
and Patterson (J., 1925, 127, 2548). The numerical value of the 
constant in our case gives m = 0*92 for the system isobutyric 
acid-water, whilst the previous authors obtained in = 0*84—0*87 
for phenol-water. 

Fig. 1. 



The regularity of the results obtained on plotting C against e and 
E 3 and log C against log e, as well as of the results for the mixtures 
still to be described, suggests that the principles developed by 
Patterson in the more dilute solutions are also valid for the higher 
concentrations. 

Mixtures of Salts with Hydrogen Chloride . 

The possibility of complex formation was investigated, the con¬ 
centration of the salt being kept approximately constant whilst; 
that of the hydrogen chloride was varied over a fairly wide range. 
The theoretical elevation of the O.S.T., denoted by “ Mean e calc./’ 
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is half the sum of the elevations for double the concentration of each 
constituent, as described by Patterson (J., 1925, 127, 626). This 
rule can be applied when the values of e for the salt and hydrogen 
chloride do not vary considerably, but for differences greater than 
20° it is not so accurate. 

Table II. . 

Se0 2 + HC1. CuCl 2 + HC1. 



<7. 

e calc. 

Mean 
e calc. 

e obs. 


C. 

e calc. 

Mean 
e calc. 

e obs. 

SeO a 

HCl 

0*681 

0*438 

30*58°\ 
48*80 J 

39-70 0 

39*63° 

CuCl 2 

HCl 

0*103 

0*241 

41-20° ’ 
31-65 . 

^36-42° 

36*75° 

SeO a 

HCl 

0*347 

0*312 

14*78 1 
3S-54 J 

26*66 

27*87 

CuCl 2 

HCl 

0*090 

0*168 

37*20 ' 
23*75 . 

j-30-47 

30*83 





FeClj 

s + HCl. 





FeCL 

Her 

0*105 

0*116 

48*95 \ 
17*65 J 

33*30 

33*60 

FeCl 2 

HCl 

0*0716 

0*307 

35*20 ' 
38*10 . 

J-36-65 

36*29 

FeCL 

HCl 

0*0703 

0*205 

34*60 ^ 
27*80 J 

31*20 

31*08 

FeCL 

HCl 

0*0681 

0*128 

33*80 ' 
19*81 . 

J-26-49 

26*47 




C. 

S0 2 

+ HCl. 

e calc. 

Mean 
e calc. 

e obs. 



S0 2 . 

HCl. 

- (0-4) 

. 0-550 

5*0°\ 
61*0 J 

33*0° 

34-2° 



No consistent lowering of e is thus observed for the mixtures 
Se0 2 + HCl, FeCl 2 + HC1, and CuCl 2 + HC1. The actual con¬ 
centration of sulphur dioxide was not determined, since the same 
stock solution was used in making up both the S0 2 and the S0 2 + 
HCl mixtures for the determination of e. Only a slight increase in 
e is observed, and in view of the experimental errors involved, this 
may be interpreted as evidence of no combination between sulphur 
dioxide and hydrogen chloride at these concentrations. 

Ferric Chloride and Hydrogen Chloride .—It was evident that some 
kind of reaction was taking place. When the ferric chloride alone 
was in the mixture of tsobutyric acid and water, it imparted a dark 
brown colour to the organic layer. On addition of hydrogen chlor¬ 
ide, this became lighter, assuming a light yellow colour when the 
ratio Hd: Ped 3 reached 6:1. The concentration of ferric chloride 
was kept at ca . 0*08 whilst that of hydrogen chloride was varied 
from 0-08 to 0*50, and in these circumstances depressions of e were 
observed as shown in Table m. 

The consistent appreciable decrease in e is evidence of complex 
formation, and since the greatest percentage decrease occurs when 
HCl: PeClg = 3: l,it appears probable that the compound FeCl 3 ,3HCl 
exists in solution. 

The complex ferric compounds which are formed by carboxylic 
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Table III. 

<7. e calc. 



-. — M S 


S 

Mean 



Decrease 

FeCl 3 . 

HCl. 

FeCl 3 . 

HCl. 

e calc. 

e obs. 

Diff. 

in e, %. 

0*0766 

0*0790 

43*65° 

13-00° 

28*33° 

29*36° 

+ 1*03° 

— 

0*0824 

0*1715 

46*42 

27*40 

34*91 

33*33 

-1*58 

4*6 

0*0836 

0*2446 

46*80 

31*42 

39*11 

36*63 

-2*48 

6*5 

0*0844 

0*2625 

47*20 

32*72 

39*96 

37*08 

-2*88 

7*5 

0*0869 

0*2770 

48*20 

34*10 

41*15 

37*98 

— 3*17 

8*0 

0*0815 

0*3145 

46*10 

37*65 

41*87 

39*77 

— 2*10 

5*1 

0*0764 

0*4370 

44*00 

48*10 

46*05 

43*51 

-2*54 

5*7 


acids, such as acetic acid, might be expected to explain the anomalous 
behaviour of ferric chloride in tsobutyric acid : 

3FeCl3 + 6CH 3 -C0 2 H + 2H 2 0 [Fe 3 (0H) 2 (CH 3 *C0 2 *) 6 ]Cl + 8HC1 

(Weinland, 44 Complex - Verbindungen, ’ * 1919, pp. 345 et seq.). The 
brown coloration may then be satisfactorily attributed to the 
coloured complex, whilst the subsequent addition of hydrochloric 
acid leads to the repression of complex formation and a consequent 
fading of colour. 

The occurrence of complex formation causes solubility of the 
ferric chloride in both liquids instead of in the water alone, and 
this would tend to decrease the G.8.T., especially for higher con¬ 
centrations of ferric chloride. Since, however, the abnormalities 
in C.S.T. are mainly observed at the lower concentrations of ferric 
chloride, and in the opposite sense, we consider that the extent of 
interaction between the ferric chloride and isobutyric acid must 
be relatively small. 

For the remaining examples, the phenol-water system was found 
more convenient. 

Mercuric Chloride and Hydrogen Chloride .—Mercuric chloride is 
soluble both in phenol and in tsobutyric acid, but the former solvent 
was found to be more suitable to work with. The G.S.T . was 
depressed and e was negative (Table IV). 

Table IV. 


c .. 0-05 0-10 0*15 0-20 0-25 

—e for HgCl 2 . 1-72° 3-58° 5*58° 7-72° 9*85° 

+e for HCl. 3-58 6-50 9*02 11*38 13*60 

O . 0*30 0*35 0*40 0*50 0*60 

—e for HgCl a . 12*00° 14*10° — — — 

+e for HCl.... 15*80 17*50 19*18 22*20 (24*7) 


The graph of log C against log e for mercuric chloride is a straight 
line and its slope indicates m = 1*1. This differs from the normal 
value, 0*87, for ordinary substances insoluble in phenol. 

The concentration of mercuric chloride was kept nearly constant 
and that of hydrogen chloride varied; the results obtained are given 
in Table V, and afford an example of the C.S.T . being raised by a 
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Table V. 



Ceci. 

Mean e calc. 

e obs. 

Increase. 

0*248 

0*108 

-4*2° 

- 3*5° 

0*7° 

0*243 

0*168 

— 1*5 

+ 0*1 

1*6 

0*245 

0*250 

-f* l*0o 

4- 4*79 

3*74 

0*249 

0*278 

+ 1*55 

4- 6*81 

5*26 

0*244 

0*456 

+ 6*20 

4-15*20 

9*0 

0*244 

0*479 

4-6*65 

4-15*84 

9*2 

0*226 

0*595 

4-9*75 

4-21*66 

11*9 


mixture. It is raised to an extent greater than would "be expected 
from the simple mixture, and the effect increases with relative 
increase in the ratio HCl/HgCl^. Since one of the constituents, 
mercuric chloride, is soluble in the phenol layer, it shows that a 
complex is being formed which is insoluble in phenol. 

Cuprous Chloride and Hydrogen Chloride .—The value <e Mean 
e calc.” = (25°) is an approximation and indicates a lower limit, 
since “ e calc.” has been estimated by analogy with the chlorides of 
univalent metals. If cuprous copper exerts a higher valency as in 
the double formula Cu 2 C1 2 a still higher value would result. In 
either case, the low value of e obs. is thus in accordance with complex 
formation. 

(Phenol-water system.) 


HC1. 

CuCl 


C . e calc. Mean e calc. eobs. 

0*422 35° \ /9K°\ 99.9° 

0*0836 (15)] (25 ) 222 


Summary . 

The elevation of critical solution temperature has been employed 
in order to study complex formation in hydrogen chloride solutions. 

The values of e for various salts and acids have been deter¬ 
mined in the systenHsobutyric acid-water, and for mercuric chloride 
in the phenol-water system. 

Values of e and E obtained for these salts are regular, except in 
the case of ferric chloride, in which hydrolysis probably occurs. 

The constant m approximates to 0-92 in the equation e = AC m 
for isobutyric acid-water. 

No complex formation has been found between hydrogen chloride 
and sulphur dioxide, selenium dioxide, or ferrous and cupric chlorides, 
but considerable complex formation occurs between hydrogen 
chloride andferric,mercuric, or cuprous chloride in the concentrations 
used. 

The concentrations are considerably higher than those used 
hitherto, but the principles are still applicable. 

, TJmVBESITV OF Bikmingham, 

- Edgb aston. [Beceived, February 19th, 1927.] 
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CCLXYII .—The Electronic Structure of Atoms . Part I. 
The Periodic Glassification . 

By J. D. Main Smith. 

The outstanding feature of theories of the structure of atoms is 
their extensive and intimate relationship to the facts of chemistry 
summarised in the periodic classification of the elements. This 
relationship consists essentially in referring the periodicity in the 
properties of elements to a corresponding periodicity in the structural 
complexity of their atoms. The existence of this correspondence is 
readily deducible from a multitude of correlated chemical and 
physicarexperimental facts, but its precise nature has been variously 
interpreted, and diverging views have consequently been held as to 
the electronic structures attributable to the atoms of the elements. 

Examination of the arrangement of the elements in the order of 
atomic weight shows that characteristic types of elements recur at 
fixed intervals or periods. The number of elements intervening 
in a period is always 8, 18, or 32. For example, if the noble gases be 
taken as points of reference, there are 8 elements from helium to 
neon and from neon to argon, 18 from argon to krypton and from 
krypton to xenon, and 32 from xenon to radon. 

These sets of elements constitute Mendeleev’s periods (see Table 1), 
the first two sets of 8 elements forming the first two 46 short 53 


Table 1. 

Periodic Glassification. 


Group. L 

Valency. +1 

Period. 

H. 

+2 

m. 

+3 

TV. 

+ 4 
-4 

V. 

4-5 

-3 

VI. 

+6 

-2 

vn. 

4-7 

-I 

vm. 

Zero or 4-8 

1 1H 






(1H) 

2He 

2 SLi 

4Be 

5B 

60 

7N 

80 

9P 

102s T e 

3 llNa 

12Mg 

13A1 

14Si 

15P 

16S 

1701 

ISA 

4 J 19K 

4 \ 29Cu 

200a ^ 21Sc 
30Zn 31Ga 

22Ti 

32Ge 

23V 

3 3 As 

24Cr 

34Se 

25Mn 

35Br 

26Pe ) 27Co,28Ni J (CiwZn) 

36Xr 

r f37Rb 

5 i 47Ag 

38Sr 39T 

48Cd 49In 

40Zr 

50Sn 

41Cb 

51Sb 

42Mo 

52Te 

43Ma 

531 

44Ru,45Rb,46Pd,(Ag,Cd) 

54Xe 

j 550s 

57La+ 

56Ba . *14“Rare 72Ct 

'Earths” 

73Ta 

74W 

75Re 

760s,77Ir,78Ffc,(Au,Hg> 

\ 79Aa 

80Hg 81T1 

82Pb 

S3Bi 

S4Po 

85— 

86Rn 

7 { 87 ~ 

88Ra^ 89Ac 

90Tb 

91Pa 

92TJ 




* 58 Ce, 59Pr, 60NO, 61H, 62Sm, 63Eu, 64Gd, 65Tb, 66Dy, 67Ho, 68Er, 69Tm, 70Tb, 71Li 


periods, and the remaining sets of more than eight elements forming 
the “long” periods. The first two long periods of 18 elements 
fall into two series of eight valency groups, the “ even ” series 
consisting of 10 elements (three in Group VIH), and the “ odd ", 
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series of 8 elements. The third long period, containing 32 elements, 
has been a subject of much discussion, but it is now generally 
agreed that it is divisible into two series or sub-periods like the other 
long periods, the even series, however, being of 24 elements, from 
cassium to platinum, and the odd series as before of’ eight elements, 
from gold to the noble gas radon. It is assumed that in this period 
only one element, eka-iodine, belonging to the halogen group, 
remains to be discovered. 

The Abridged Periodic Classification. 

The history of chemical science has demonstrated clearly that the 
most useful method for the condensation and generalisation of data 
is that of classification by types. In organic chemistry, the method 
proceeds according to constitutional types, such as alcohols, ketones, 
aldehydes, etc., by reference to structural features possessed in com¬ 
mon by compounds. In inorganic and general chemistry, the 
method proceeds similarly according to constitutional types, loy 
reference to valency features possessed in common by atoms . The 
periodic classification is essentially classification by valency types, 
the elements being arranged into eight groups having valency from 
one to eight respectively. This supremely important octet classific¬ 
ation is somewhat obscured by the detail introduced by the division 
of the long periods into the unequal sub-periods of the even and odd 
series. Modifications intended to simplify and increase the chemical 
utility of the classification must emphasise this octet arrangement. 
Many of those proposed in recent years, however, have had for their 
object, not the increase in the chemical utility of classification of 
detailed knowledge, but the facilitation of mathematical interpreta¬ 
tions of atomic structure, and with this in view the number of groups 
is successively increased from 8 to 18 and 32 in passing from the short 
to the long periods. In all such systems, the essential chemical 
features of classification by valency and periodicity of properties 
are subordinated or suppressed, although the structure of atoms is 
fundamentally a chemical problem, profoundly interwoven with 
the periodic classification of the elements. It will be shown that 
abridgment, rather than expansion, clarifies the classification, and 
facilitates a more intimate and accurate interpretation of atomic 
structures, by throwing the chemically important octet arrangement 
into high relief. 

In the classification of the elements by valency types, the 16 light 
elements from lithium to argon fall naturally into two periods of 
eight groups with one element per group per period, each period 
ending with a noble gas. These two periods may, consequently, 
be regarded as simple or specific types for the heavier elements of 
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the long periods. Consideration of the properties of these heavier 
elements shows that, in each long period, only a few elements 
approximate closely in properties to the simple types of the short 


Table 2. 


Abridged Periodic Classification . 


Class. 

Alkaline. 

1 Amphoteric. 


Non-Basic. 


Group. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Valency. 

+ 1 

+2 . 

+ 3 

+4 

+5 

+6 

+ 7 

Zero 





-4 

-3 

—2 

-1 


Period. 









1 

1H 






(1H) 

2He 

2 

3Li 

4Be 

5B 

6C 

7N 

80 

9E 

lONe 

3 

UNa 

12Mg 

13A1 

14Si 

15P 

16S 

17C1 

18A 

4 

19K 

20Ca* 

31Ga 

32Ge 

3 3 As 

34Se 

35Br 

36Kr 

5 

37Rb 

38Srf 

49In 

50Sn 

51Sb 

52Te 

531 

54Xe 

6 

55Cs 

56Ba{ 

81T1 

82Pb 

83Bi 

84Po 

85— 

86Rn 

7 

87— 

88Ra§ 








*10 Elements, 21 Sc to 30ZnI 
t 10 Elements, 39Y to 48Cd I , . m*. Q 

t 24 Elements, 57La to 80Hg ( relegated to Table 3 - 
§ All elements from 8 9Ac J 


periods, and that in any one period some of these kindred elements 
appear in the even and some in the odd series. Mendeleev sug¬ 
gested that the elements diverging most from the specific types were 
in the nature of “ transition ” elements bridging a gap between the 
typical elements of each long period, a view adopted later in a 
modified form by Bohr in his theory of atomic structure. Mende¬ 
leev’s suggestion is virtually a recognition that the long periods can. 
be short-circuited by excluding the transition elements, leaving an 
abridged classification constituted solely of elements closely related 
to the short period types, the periodic classification thus consisting 
only of simple periods each of eight elements. 

In order to effect this short-circuiting or abridgment of the long 
periods, it is necessary to decide which elements are most closely 
related to the typical elements of the short periods, the remaining 
elements being relegated to transition series. In the first long period 
(see Table I), it is evident that potassium and the elements from 
gallium to krypton are more closely related to sodium and the 
elements from aluminium to argon than are copper and the elements 
from scandium to nickel, and these last nine elements are therefore 
definitely transition elements. There remain only calcium and zinc 
for consideration. As one of the obvious features of the periodic 
classification is the increase in basicity with increase in atomic 
weight in each group, the element corresponding to magnesium, the! 
oxide of which is feebly alkaline, should possess a strongly alkaline 
oxide, the heavier members of the group having still more alkaline 

3 z 2 
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series of 8 elements. The third long period, containing 32 elements, 
has been a subject of much discussion, but it is now generally 
agreed that it is divisible into two series or sub-periods like the other 
long periods, the even series, however, being of 24 elements, from 
caesium to platinum, and the odd series as before of eight elements, 
from gold to the noble gas radon. It is assumed that in this period 
only one element, eka-iodine, belonging to the halogen group, 
remains to be discovered. 

The Abridged Periodic Classification . 

The history of chemical science has demonstrated clearly that the 
most useful method for the condensation and generalisation of data 
is that of classification by types. In organic chemistry, the method 
proceeds according to constitutional types, such as alcohols, ketones, 
aldehydes, etc., by reference to structural features possessed in com¬ 
mon by compounds. In inorganic and general chemistry, the 
method proceeds similarly according to constitutional types, by 
reference to valency features possessed in common by atoms. The 
periodic classification is essentially classification by valency types, 
the elements being arranged into eight groups having valency from 
one to eight respectively. This supremely important octet classific¬ 
ation is somewhat obscured by the detail introduced by the division 
of the long periods into the unequal sub-periods of the even and odd 
series. Modifications intended to simplify and increase the chemical 
utility of the classification must emphasise this octet arrangement. 
Many of those proposed in recent years, however, have had for their 
object, not the increase in the chemical utility of classification of 
detailed knowledge, but the facilitation of mathematical interpreta¬ 
tions of atomic structure, and with this in view the number of groups 
is successively increased from 8 to 18 and 32 in passing from the short 
to the long periods. In all such systems, the essential chemical 
features of classification by valency and periodicity of properties 
are subordinated or suppressed, although the structure of atoms is 
fundamentally a chemical problem, profoundly interwoven with 
the periodic classification of the elements. It will be shown that 
abridgment, rather than expansion, clarifies the classification, and 
facilitates a more intimate and accurate interpretation of atomic 
structures, by throwing the chemically important octet arrangement 
into high relief. 

In the classification of the elements by valency types, the 16 light 
elements from lithium to argon fall naturally into two periods of 
eight groups with one element per group per period, each period 
ending with a noble gas. These two periods may, consequently, 
be regarded as simple or specific types for the heavier elements of 
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the long periods. Consideration of the properties of these heavier 
elements shows that, in each long period, only a few elements 
approximate closely in properties to the simple types of the short 

Table 2. 


Abridged Periodic Classification. 


Class. 

Alkaline. 

1 Amphoteric. 


Non-Basic. 


Group. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Valency. 

+ 1 

+ 2 . 

+ 3 

+ 4 

+5 

+ 6 

+ 7 

Zero 





— 4 

-3 

-2 

-1 


Period. 









1 

IH 






(1H) 

2He 

2 

3Li 

4Be 

5B 

6C 

7N 

80 

9F 

ION© 

3 

UNa 

12Mg 

13A1 

14 Si 

15P 

16S 

17C1 

18A 

4 

19K 

20Ca* 

31Ga 

32Ge 

33As 

34Se 

35Br 

36Kr 

5 

37Rb 

38Srf 

49In 

50Sn 

51Sb 

52Te 

531 

54Xe 

6 

55 Cs 

56Ba| 

81T1 

82Pb 

83Bi 

84Po 

85— 

86Rn 

7 

87— 

88Ra§ 



; 





* 10 Elements, 21 Sc to 30Zn^ 

t 24 Elements', 57Lato 8C«g | relegated to Table 3 ' 
§ All elements from 8 9Ac J 


periods, and that in any one period some of these kindred elements 
appear in the even and some in the odd series. Mendeleev sug¬ 
gested that the elements diverging most from the specific types were 
in the nature of “ transition ” elements bridging a gap between the 
typical elements of each long period, a view adopted later in a 
modified form by Bohr in his theory of atomic structure. Mende- 
Mev’s suggestion is virtually a recognition that the long periods can 
be short-circuited by excluding the transition elements, leaving an 
abridged classification constituted solely of elements closely related 
to the short period types, the periodic classification thus consisting 
only of simple periods each of eight elements. 

In order to effect this short-circuiting or abridgment of the long 
periods, it is necessary to decide which elements are most closely 
related to the typical elements of the short periods, the remaining 
elements being relegated to transition series. In the first long period 
(see Table 1), it is evident that potassium and the elements from 
gallium to krypton are more closely related to sodium and the 
elements from aluminium to argon than are copper and the elements 
from scandium to nickel, and these last nine elements are therefore 
definitely transition elements. There remain only calcium and zinc 
for consideration. As one of the obvious features of the periodic 
classification is the increase in basicity with increase in atomic 
weight in each group, the element corresponding to magnesium, the 
oxide of which is feebly alkaline, should possess a strongly alkaline 
oxide, the heavier members of the group having still more alkaline 
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oxides. This circumstance involves that the congeners of beryllium 
and magnesium are the alkaline-earth metals, calcium, strontium, 
barium >and radium, whilst zinc, cadmium, and mercury are 
transition elements. 

The transition elements of the first long period are consequently 
the ten elements from scandium to zinc (see Table 3). The remain¬ 
ing eight elements, potassium, calcium, and gallium to krypton, form 
an abridged period (see Table 2) with one element per periodic group, 
exhibiting extremely close resemblance to the typical elements of 
the short periods. Similar considerations apply to the second long 
period, the transition elements being the ten from yttrium to 
cadmium (see Table 3). The remaining eight elements, rubidium, 
strontium, and indium to xenon, form an abridged period with one 
element per periodic group. In the third long period, consisting 
of 32 elements, it is similarly possible to allocate the eight elements 
caesium, barium, and thallium to radon to the abridged period. 
The 24 elements from lanthanum to mercury are in consequence 
relegated to the transition series. 

In the fourth long period, the known elements come to an end with 
uranium in Group VI of the even series. The chemical and physical 
properties of actinium, thorium, protactinium, and uranium indicate 
decisively that they are analogues of yttrium, zirconium, etc., and 
therefore transition elements. The only remaining known element 
of the period is radium, which resembles barium so closely that it 
can be separated from it only with difficulty. Radium consequently 
is an alkaline-earth metal and must be regarded, not as a transition 
element, but as the Group II representative in the abridged classific¬ 
ation. Similarly, eka-caesium must, as an alkali metal, be postulated 
as the Group I representative of the abridged classification, not as a 
transition element. The existence of only one element, actinium, 
between thorium and radium renders it certain that the transition 
series of this last long period contains no transition sub-series similar 
to the anomalous 14 “rare-earth” elements (see p. 2035), and it is 
consequently probable that, if all the elements of this period were 
known, they would number only 18 as in the case of the first and 
second long periods. 

There remain for consideration only the two lightest elements, 
hydrogen and helium. Apart from hydrogen, no element lighter 
than helium is known, and many considerations, chemical and 
physical, render it improbable that any other element can exist. 
If it be admitted that electrons are the sole valency factors, the fact 
that helium contains only two electrons makes it certain that 
hydrogen with one electron is the only possible element lighter than 
helium. Despite the validity and utility of the octet classification* 
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it is thus impossible to fill more than two of the eight groups of this 
primitive period. As the unit of valency and of atomic weight, 
hydrogen may be regarded as the type of all the valent elements 
and placed at the head of any of the Groups I to VII of the classific¬ 
ation, helium being placed at the head of Group VIII as the type of 
all the non-valent and noble elements. It is not a matter of im¬ 
portance, in the classification of the elements, in which group 
hydrogen is placed, but from its univalency it may conveniently 
be placed in Group I and alternatively in Group VII. 

The modification of the periodic classification derived from the 
foregoing considerations is shown in Table 2, and consists of a primi¬ 
tive period of two elements, two short periods each of eight elements, 
three abridged long periods each of eight elements, and a final 
abridged and incomplete period, or seven periods in all. Examin¬ 
ation of these seven abridged periods reveals much greater regulari¬ 
ties in the classification than are readily discernible in the extended 
form. Basicity, for example, diminishes regularly in each period 
from strong alkalinity in the first group to strong acidity in the 
seventh, and increases regularly in each group from the first to the 
seventh period. Further, all the elements which possess alkaline 
oxides are confined to Groups I and II. The alkaline thallous and 
plumbous oxides are only apparent exceptions to this rule, for in 
neither case does the metal exhibit the valency characteristic of the 
periodic group to which it belongs. This disappearance of alkalinity 
beyond Group II is of fundamental importance in the interpretation 
of the electronic structures of the atoms of all the elements, in Groups 
III to VIII no less than in Groups I and II, for, being a measure of 
electron mobility, it enables a differentiation to be made amongst 
the various sub-groups of electrons that constitute the exterior of 
atoms. 

Comparison of Groups III and IV with Groups V, VI, and VII 
brings to light a further regularity relating to basicity. The whole 
of the elements of Groups III and IV possess amphoteric oxides, 
their basic tendencies being approximately equal to their acidic 
tendencies, and, where the elements exhibit lower valency, the 
lower oxides are never amphoteric but decidedly basic or even 
alkaline, as in the case of thallous and plumbous oxides. In Groups 
V to VIII, on the other hand, all the elements yield oxides which 
are strongly acidic, and, even where the basic properties are in any 
degree exhibited by the oxides, as in the case of bismuth and 
antimony, the derived salts are without exception hydrolysed by 
water to basic salts. Further, where the elements of Groups V to 
VII exhibit lower valency than that characteristic of the group, 
even the lower oxides are usually strongly acidic. Groups V ^ 
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VIII, moreover, include every known element which is gaseous 
below a red heat. The elements of Groups III and IV are conse¬ 
quently as sharply differentiated from those of Groups V to VII as 
from those of Groups I and II. The periodic classification can thus 
be divided, not only into groups, periods, and even, odd, and 
transition series, but also into classes of groups; the first class, 
Groups I and II, contains what may be termed the alkaline elements; 
the second class, Groups III and IV, the amphoteric elements, 
and the third class, Groups V, VI, VII, and VIII, the non-basic 
elements. 


Variable Valency . 


A further noteworthy feature of the abridged classification is that, 
without exception, every element exhibiting variable valency 
possesses valencies which differ by only 2, 4, or 6 units, iodine, 
for example, having valencies of 7,5, 3, and 1. Apparent exceptions 
to this rule may be found in the case of gallium and indium : both 
metals, though normally tervalent, are stated to yield bivalent 
salts, while indium is stated to yield univalent salts in addition. 
The vapour density of indium tc dichloride 55 slightly above its 
boiling point, however, proves the formula to be In 2 Cl 4 , not InCl 2 . 
The dichloride has therefore no real existence, and it may be regarded 
as a double salt of the monochloride and trichloride, InCl,InCl 3 or 
In(InCi 4 ). Gallium “ dichloride ” boils at 535°, but its vapour 
density has been recorded only at 1000° where it is normal. If, 
however, the formula is Ga 2 Cl 4 and dissociation occurs on heating 
to a mixture of GaCl and GaCl 3 , the vapour density of the mixture 
will be the same as that of GaCl 2 . Fused gallium trichloride is a 
non-electrolyte, like aluminium chloride, whereas the alleged 
dichloride is a good conductor and readily yields metallic gallium 
on electrolysis, pointing to the formula Ga(GaCl 4 ) or Ga 2 Cl 4 . 
A similar dimeric C4 dichloride 55 is obtained from thallium by mixing 
the monochloride with the trichloride, and it is definitely known that 
thallium does not exhibit bivalency. If gallium and indium 
£t dicblorides ” are, as suggested, really gallous gallichloride and 
indous indichloride, respectively, these two metals fall into line with 
thallium in the same group as possessing only tervalency and 
univalency, and the apparent exceptions to the rule of variation by 
two units of valency disappear from the abridged classification. 


The Transition Series . 

It has been shown, in connexion with the abridgment of the 
periodic classification, that 10 elements in each of the first two long 
periods, 24 in the third long period, and four of the six known 
elements of the last period show very considerable divergence from 
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the properties of the typical elements of the two short periods, and 
are to be regarded as transition elements bridging a gap in each long 
period between elements most closely allied to the typical elements. 
In the first long period, these ten transition elements, from scandium 
to zinc, may be arranged in a sub-period or transition series con¬ 
sisting, like the abridged periods, of eight valency groups (see 
Table 3). The lightest member of the series, scandium, with an 

Table 3. 

All Transition Series . 


Group. HI. 

IV. 

V. 

VI. 

VII. 


VIII. 


I. 

+1 
to 3 

II. 

Valency. { t +| 

+4 
to 2 

to 2 

+ 6 
to 2 

4- o 


+ 8 

to Zero 


+ 2 
to 1 

Period. 










4 21Sc 

22Ti 

23V 

240r 

25Mn 

26 Fe 

27Co 

28Ni 

29Cti 

30Zn 

5 39Y 

40Zr 

410b 

42Mo 

43Ma 

44Ru 

45Rh 

46Pd 

47Ag 

480d 

6 57La* 

720t 

73Ta 

74 W 

7 Site 

760s 

77Ir 

78Pt 

79Au 

soH'e 

7 89Ao 

90Th 

91Pa 

92U 








* 14 Elements, 58Ce to 71Lu, relegated to Table 4. 


invariable valency of three, naturally falls into Group III, the 
heaviest member, zinc, with an invariable valency of two, being 
proper to Group II, the transition period thus commencing with 
Group III and ending with Group II. 

The set of ten transition elements from the second long period 
correspond so closely in chemical and physical properties to the ten 
transition elements from the first long period that, without further 
discussion, they may be allocated to the corresponding eight groups 
from III to II (see Table 3). 

Owing to the fact that there are 24 transition elements in the 
third long period as against 10 in the other two long periods, no 
complete analogy exists, but the nine elements from celtium 
(hafnium) to mercury in this longest transition series present so 
close a resemblance to the nine elements in the preceding transition 
series, from zirconium to cadmium, that they may readily be 
allocated to the seven corresponding periodic groups from IV to 
II. There remain in this transition series only the 15 elements 
having atomic weights lying between barium in Group II and 
eeltium (hafnium) in Group IV. These elements from lanthanum 
to lutecium (known as 44 rare-earth ” elements) have characteristic 
tervalency, are relatively strong bases, and give rise to basic salts of 
the type La(0H)C0 3 , and mixed salts of the type LaFCO a . There 
can, therefore, be no doubt that these elements are completely 
analogous to yttrium and scandium, and are proper to Group III. 
This transition series of 24 elements may be short-circuited or 
abridged (see Table 3) by the omission of 14 of the 15 44 rare-earth ” 
elements in Group III, leaving an abridged transition series of 10 
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elements corresponding closely in every member to each of the 
transition series from the first two long periods. It is not a matter 
of great importance chemically which 14 “ rare-earth ” elements 
are relegated to a transition sub-series, but the relegation is of prime 
importance in the problem of the electronic structures of the atoms 
of this period. It is consequently necessary to make a decision, on 
chemical grounds if possible, as to the element presenting the 
closest resemblance to yttrium and scandium in the two preceding 
transition series, and to place the other fourteen in a transition sub¬ 
series. Scandium and yttrium have no valency higher than three, 
whilst yttrium (certainly) and scandium (probably) exhibit the 
valency of two in acetylenic carbides of the form YC 2 . Both yield 
colourless, diamagnetic salts, while yttrium oxide is a stronger base 
than scandium oxide, the basicity of the former only just falling 
short of alkalinity. Consequently the element to be placed in 
Group III of the third transition series should have no higher 
valency than three, exhibit a valency of two in an acetylenic carbide, 
and possess colourless, diamagnetic salts and a strongly alkaline 
oxide. These properties are possessed only by the lightest of these 
elements, lanthanum, which must, accordingly, be regarded as the 
Group III representative in the transition series of the third long 
period, the remaining 14 from cerium to lutecium, being relegated to 
a transition sub-series (see Table 4). This transition sub-series 


Table 4. 


Transition Sub-series , Period 6. 


Element. 

Valency. 


Ce Pr Nd II Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

58 59 60 61 62 63 64 65 66 67 68 69 70 71 

2 2 2 2 2 2 2 

33333333333333 
4 4 4 4 


presents no analogy to the transition sub-period or to the main 
period, for these are real periods consisting of eight groups, whereas 
the elements of the transition sub-series do not exhibit valency less 
than two or greater than four, and thus cannot form a period. 
Brom time to time it has been proposed to place cerium in Group IV 
on the grounds of its quadiivalency and the isomorphism of some 
few of its salts with those of thorium and zirconium. These pro¬ 
posals have lost much of their point since the discovery of celtium 
(hafnium), properly allocated to Group IV because of its extra¬ 
ordinarily close resemblance to zirconium. It will, moreover, be 
shown, in discussing the electronic structure of atoms, that the. 
allocation of cerium to Group III and to the transition sub-series 
on chemical grounds is fully justified, in that the electron responsible 
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for the increase in the valency of cerium from three to four is 
probably structurally unrelated to any of the electrons responsible 
for the quadrivalency of celtium (hafnium) or indeed of any element 
in either the main or transition periods. 

The transition sub-periods (Table 3), based upon the foregoing 
considerations, comprise two typical periods each of ten elements, 
an abridged period also of ten elements, and a final incomplete 
period, all the periods commencing with Group III and ending with 
Group II. 

With the possible exceptions of scandium and zinc (although 
scandium possesses an acetylenic carbide of the probable formula 
ScC 2 , in which the metal would be bivalent), all the transition 
elements exhibit variable valency, and this variation can and 
usually does occur by one unit, instead of by the invariable two units 
of the abridged classification. With very few exceptions, the 
transition elements give rise to coloured salts, whereas the elements 
of the abridged classification form only colourless salts. Unlike the 
abridged periodic classification, the groups of which are divisible 
into a class of two alkaline groups, a second class of two amphoteric 
groups, and a third class of four non-basic groups, the transition 
classification consists of only one strongly basic group, III, the other 
seven groups almost without exception comprising only elements 
with either amphoteric or strongly acidic properties in their highest 
oxides, although the acidic properties are feeble in Groups I and II. 

The Complete Periodic Classification . 

On recombining the transition classification (Table 3) with the 
abridged classification (Table 2), the full periodic classification 
including the whole of the elements is obtained (Table 1). This 
table differs from the commonly accepted forms in small but 
important features. Seven main periods suffice to include all the 
known elements, a primitive period of two elements, two simple 
periods each of eight elements, and four complex periods consisting 
each of two sub-periods. Each period comprises only eight groups, 
commencing with Group I and ending with Group VIII, the simple 
periods and the main sub-periods of the long periods terminating 
with noble gases and the transition sub-periods with noble metals. 
In order to indicate their close resemblance to the noble metals of 
Group VIII, the pairs copper and zinc, silver and cadmium, and gold 
and mercury, are alternatively included also in this group, just as 
hydrogen is alternatively included in Group VII to indicate its 
resemblance to the halogen elements. 

The transition elements in each long period are shown in heavy 
type, the arrows between elements of Groups II and III indicating 
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the position at which the transition elements create a gap between 
the typical elements of the periods. In order to preserve the 
symmetry of the octet classification, the 15 rare-earth elements, 
belonging to Group III and succeeding barium in atomic weight, are 
represented only by their most typical member, lanthanum, the 
other 14 being shown in detail in a footnote to the table. In order 
to facilitate the identification of the typical members of each group, 
which constitute the abridged classification, they are placed to the 
left and the transition elements to the right of the columns. 

The abridged classification, the transition classification, the 
transition sub-series, and the complete periodic classification, shown 
in Tables 1, 2, 3, and 4, respectively, together with the experimental 
chemical evidence on which they are founded, will form the basis 
of subsequent papers on the interpretation of chemical evidence 
in terms of the distribution of electrons in atomic structures. The 
next paper will show primarily that the octet classification is due 
to the existence of from one to eight outer electrons in three sub¬ 
groups completed to 2, 2, 4 in the inert gases; that the transition 
classification is due to from one to eight more deeply seated electrons 
in two sub-groups completed to 4, 6 and forming part of a main group 
in five sub-groups of 2, 2, 4, 4, 6, completed in Group I; and that 
the transition sub-series is due to from one to fourteen still more 
deeply seated electrons completed to 6, 8, and forming part of a 
main group in seven sub-groups of 2, 2, 4, 4, 6, 6, 8, completed in 
lutecium. This scheme of atomic structure was first put forward 
by the author on incomplete evidence on March 9th, 1924 (J. Soc. 
Chem. Ind., 43, 323), and is now found to be fully justified in the 
light of additional evidence chiefly furnished by the foregoing 
periodic classifications. 

The author desires to thank the Research Committees of 
Birmingham University and the Chemical Society, Gerald W. 
Kenrick, Esq., W. Byng Keniiek, Esq., Sir William Waters Butler, 
Bart., and Professor G. T. Morgan, F.R.S., for grants, laboratory 
facilities, and gifts and loans of rare metals and chemicals in aid of 
this series of researches. 
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CCLXVIIL —Molecular Structure in Solution. Part II. 
The Refractive Indices and Surface Tensions of 
Aqueous Solutions of Cobalt Chloride and Hydro¬ 
chloric Acid. 

By Owen Rhys Howell. 

The densities and viscosities of a series of solutions having a fixed 
concentration of cobalt but increasing concentrations of hydro¬ 
chloric acid, and also those of an exactly similar series of solutions 
of the acid alone, have already been determined (this vol., p. 158). 
It was shown that the differences in the densities of corresponding 
solutions varied with increasing concentration of acid, the curve 
exhibiting a point of inflexion. The differences in the viscosities 
of corresponding solutions also varied, the curve showing a well- 
defined maximum. The point of inflexion in the one case and 
the maximum in the other occurred at precisely the same con¬ 
centration of acid. 

The work of Hill and Howell (Phil. Mag., 1924, 48, 833) suggests 
that in the red pigments and solutions the cobaltous atom is sur¬ 
rounded by six other atoms or groups, whilst in the blue pigments 
and solutions it is surrounded by four, and the results outlined 
above were interpreted by assuming that with increasing con¬ 
centration of acid, the cobalt atom is thrown out of its association 
with six molecules of water, Co(H 2 0) 6 ”, into one with four atoms 
of chlorine, CoCl 4 ". It was deemed of interest to determine other 
physical properties of these solutions in order to ascertain whether 
they also would show similar variations; the refractive indices and 
surface tensions have therefore been measured. 

Experimental. 

Determination of Refractive Index .—The measurements were made 
with a Pulfrich refractometer. In order that the results should 
be directly comparable with those already obtained for the densities 
and viscosities, all determinations were made at 20°. 

Since all the solutions were acidic, it was impossible to utilise 
the usual attachment for temperature regulation. The whole 
instrument was therefore encased by means of asbestos mill-board 
cut to shape, and the temperature was kept constant to within 
± 0-5° by regulating a small gas flame placed inside the case. The 
cell was covered with a watch-glass to prevent loss of acid. 

Measurements were made for the D line with a sodium flame, 
and for the C, F, and Gr' lines with a hydrogen tube. The refractive 
index of every solution in the series containing acid only was deter- 
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mined for each of these lines, but this was impossible with the 
series containing cobalt since these solutions are coloured. Although 
the red solutions have strong absorption bands in the blue region, 
with the concentration of cobalt taken the F and 6' lines were 
transmitted sufficiently well to enable measurements to be made. 
The refractive index for each of these two lines has therefore been 
determined for every member of the series of solutions containing 
cobalt. The blue solutions, however, are much more intense than 
the red, and with these the C and D lines were completely extin¬ 
guished. It was therefore possible to determine the refractive 
index for these two lines only with the solutions at the red end 
of the series. 

Headings could be reproduced to within 1' even with the faintest 
lines and to within 0-5' with strong ones. The values of the 
refractive index are therefore all correct to the fourth place of 
decimals and most of them to within 5 units in the fifth place. 

Determination of Surface Tension .—The measurements were made 
with a Traube stalagmometer. The lower capillary and also a long 
open tube were passed through a rubber stopper fitted into a small 
bottle. The stalagmometer was filled with the solution, and a 
little of this was also placed in the bottle in order to saturate with 
the vapour the atmosphere in which the drops formed. The 
apparatus was immersed vertically (against a plumb-line) in a glass- 
fronted thermostat kept at 20° ± 0*01°. The surface tension was 
calculated from the formula 

y&oL — ywater X X d Si 

where n w and n s are the number of drops given by water and by 
the solution respectively, and d 9 is the relative density of the 
solution. The value y 20 . = 72*69 for water was employed, and the 
values of the relative density used were those determined in the 
previous investigation. 

It has been shown (Lohnstein, 2. physikal. Chem ., 1908, 64, 
686; 1913, 84, 410; Harkins and Humphery, J. Amer. Ghem. Soc ., 
1916, 38, 228; Harkins and Brown, ibid., 1919, 41, 499) that the 
simple formula for the surface tension requires a correction factor 
depending on the ratio of the radius of the tip to the linear dimen¬ 
sions of the drop. If r is the radius of the tip and v the volume 
of the drop, then when rjv$ lies between 0*76 and 0*95 the correction 
is practically constant. In a comparative method of determining 
surface tension the correction factor would then cancel, leaving the 
equation given above as a true expression. 

The diameter of the tip of the stalagmometer used for these 
experiments was 0*87 cm. The volumes of the largest drops (given 
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by water) and of the smallest (given by the most concentrated acid 
solution) were determined by weighing and found to be 0-1268 c.c. 
and 0-1021 c.c., respectively. The extreme values of the ratio r/v* 
are therefore 0-865 and 0*930. Since these fall within the limits for 
the constancy of the correction factor, the simple equation used 
for the calculation is sufficiently accurate. 

With the solution yielding the smallest drops, each drop corre¬ 
sponded to 18 divisions on the scale. Since the determinations 
could be reproduced to within 0*5—TO division, the measurements 
are correct to within about A: 3 units in the second place of decimals. 
At least two determinations were made for each solution and the 
mean was taken. 

The tip of the stalagmometer was freed from grease by being 
dipped in chromic acid solution before each determination and the 
whole apparatus was similarly cleansed at intervals. The drop 
number for water was checked from time to time and found to 
remain quite constant at 55-55 drops. 

Materials .—As in the previous investigation, the hydrochloric 
acid employed was the pure commercial product and the cobalt 
chloride was Kahlbaum’s purest, free from iron and nickel. All 
the water used was the laboratory distilled water, redistilled with 
precautions to preclude contamination by dust or grease. 

Solutions .—Three stock solutions were prepared : cobalt chloride 
in water (120 g. of CoC 1 2 ,6H 2 0 per litre), cobalt chloride in con¬ 
centrated hydrochloric acid (120 g. of CoC 1 2 ,6H 2 0 per litre), and 
hydrochloric acid in water. Their concentrations were adjusted to 
exactly the same values as those employed in the previous in¬ 
vestigation. All the other solutions were prepared from these by 
dilution in the manner already described ( loc. cit.). 

Note on the Density of Aqueous Hydrochloric Acid .—It was not 
stated in the previous paper that in preparing the stock solution 
of hydrochloric acid by diluting the fuming acid, the solutions 
were cooled in iced water to minimise loss of acid. The stock 
solution was therefore 1063iV at 0° = 32*88% of HC1 (by weight). 
In the present investigation, a solution of the acid having exactly 
the same density was found by titration against pure sodium 
carbonate to be 10ASN at 18°. The solution therefore contained 
32-80% of HC1, a figure in good agreement with that previously 
found. The densities of the series of solutions prepared by diluting 
the stock solution were checked and found to agree with those 
obtained previously to within 1 unit in the fourth place of decimals. 

In order to complete the series of values up to the filming acid, 
the densities and viscosities of three more concentrated solutions 
have been determined; these are shown in Table I together with 
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the true normality of the solution at 18° and the composition by 
volume and by weight. The concentrations are correct to 0-2%, 
the densities to within 2 units in the fourth place of decimals and 
the viscosities to within 0*1%. 

Table I. 

Densities and Viscosities of Aqueous Solutions of Hydrochloric Add . 





Relative 

Absolute 


Normality, 

%by 

% by 

density, 

density. 

Viscosity, 


vol. 

weight. 

w 20* 

dg\ 

4 

V* 

0 

0 

0 

1-0000 

0-9982 

0-01005 

1-048 

3-821 

3-757 

1-0186 

1-0168 

0-01065 

2-096 

7-642 

7*385 

1-0364 

1*0346 

0-01125 

3-144 

11*46 

10-89 

1-0536 

1*0518 

0-01187 

4-192 

15-28 

14-29 

1-0707 

1-0689 

0*01251 

5-240 

19-11 

17-59 

1-0871 

1-0852 

0-01323 

6-288 

22-93 

20-80 

1-1036 

1-1016 

0-01408 

6-498 

23-69 

21-43 

1-1067 

1-1048 

0-01430 

6-812 

24-84 

22-37 

1-1112 

1-1092 

0-01452 

7-126 

25-98 

23-30 

1-1162 

1-1142 

0-01482 

7-336 

26-75 

23-91 

1-1195 

1-1176 

0-01500 

7-860 

28-66 

25-43 

1-1275 

1-1255 

0-01555 

8-384 

30-57 

26-94 

1-1355 

1-1335 

0-01611 

9-432 

34-39 

29-90 

1-1507 

1-1487 

0-01731 

10*48 

38-21 

32-80 

1-1657 

1-1637 

0*01870 

11-48 

41-86 

35-53 

1-1789 

1-1768 

0-02004 

12-83 

46*78 

39*14 

1-1957 

1-1935 

0-02183 

13-38 

48-78 

40*61 

1-2020 

1-1998 

0-02266 


The curve obtained on plotting the densities against the % of 
HC1 by weight is almost a straight line up to 33%, being only very 
slightly concave to the axis of concentration. The last three 
values, however, fall below the extended curve, which is in agree¬ 
ment with the values recorded by other observers (Landolt and 
Bomstein’s Tables, 1923, p. 394). 


Results. 

Refractive Indices ,—The values of the refractive indices of the 
solutions of hydrochloric acid only, measured as already described, 
are given in Table II, and plotted against the normality of the 
solution in Fig. 1. It is seen that almost throughout their entire 
length all four curves exhibit a gradual increase of concavity to* 
the axis of concentration. They fall more rapidly near the end, 
the values for the two highest concentrations of acid being lower 
than those anticipated from the general course of the curves. 
Each of the curves is expressed with very fair accuracy by an 
equation of the form 

r S oL = fwa ter + — yN 2 , 

where N is the normality of the solution and x and y are constants. 
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Colour of the cobalt solution in transmitted light . 



Normality of HC1. 

Dotted line curves: Solutions of hydrochloric acid -j- cobalt chloride . 
Full-line curves: Solutions of hydrochloric acid only. 

Refractive index for the G' line shown thus: x. 

»• >» >» F „ „ ,, ®. 

»» >» >» F) ft tt )f 

*» 9 » » G „ ,, „ 0. 

The values calculated from the equations 

rf = 1-33117 + 0-008090^3. - 0-00008622V?*. 
if' * 1-33299 + 0-0083302^8. - 0-00010002^. 

7 f = 1-33703 + 0-008630itf ia . - 0-Q0010832\rf a . 
r%; = 1-34017 + 0-0088502^8. — 0-00011292^. 

are given in italics in the columns next to the observed values in 
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Table II. 


Refractive Indices of Aqueous Solutions of Hydrochloric Acid , 


Cone, of HCI, 

J20* 

r c • 

rf. 

j 

i* 

*S 


r 


s 


f - 

-% 





Nit*, 

%. 

obs. 

calc. 

obs. 

calc. 

obs. 

calc. 

obs. 

calc. 

0 

0 

1-33117 

133117 

1*33299 

1-33299 

1*33703 

1-33703 

1*34017 

1-34017 

1-048 

3*757 

1*33938 

1-33956 

1*34173 

1-34161 

1*34599 

1-34595 

1*34944 

1-34933 

2-096 

7-385 

1*34786 

1-34775 

1*35007 

1-35001 

1*35464 

1-35464 

1*35824 

1-35823 

3*144 

10-89 

1-35594 

1-35575 

1-35815 

1-35819 

1*36305 

1-36309 

1*36684 

1-36687 

4-192 

14*29 

1-36357 

1-36357 

1*36603 

1-36615 

1*37111 

1-37130 

1*37521 

1-37529 

5-240 

17*59 

1*37135 

1-37120 

1*37387 

1-37389 

1*37922 

1-37927 

1*38339 

1-38344 

6-288 

20*79 

1-37863 

1-37863 

1*38127 

1-38142 

1*38686 

1-38701 

1*39121 

1-39136 

6-498 

21*43 

1-88027 

1-38010 

1-38304 

1-38291 

1*38850 

1-38853 

1*39302 

1-39291 

6-812 

22*37 

1-38230 

1-38228 

1*38503 

1-38509 

1*39059 

1-39079 

1*39517 

1-39522 

7-126 

23-30 

1*38442 

1-38444 

1*38713 

1-38727 

1*39281 

1-39303 

1*39745 

1-39751 

7-336 

23*91 

1-38592 

1-38589 

1*38867 

1-38872 

1*39449 

1-39451 

1*39903 

1-39901 

7-860 

25*43 

1-38962 

1-38945 

1*39238 

1-39229 

, 1*39830 

1-39817 

1*40305 

1-40276 

8-384 

26-94 

1-39294 

1-39295 

1-39572 

1-39580 

1*40169 

1-40176 

1*40646 

1-40643 

9-432 

29-90 

1-39945 

1-39981 

1*40218 

1-40266 

1*40851 

1-40879 

1-41350 

1-41360 

10-48 

32-80 

1-40654 

1-40649 

1-40950 

1-40931 

1*41600 

1-41557 

1*42111 

1-42052 

11-48 

35*53 

1-41224 

1-41269 

1-41542 

1-41544 

1*42209 

1-42183 

1*42743 

1-42688 

12-83 

39-14 

1-41907 


1-42232 

— 

1*42915 

— 

1*43454 

. — 

13*38 

40*61 

1-42203 

— 

1-42522 

— 

1*43222 

— 

1*43784 

— 


Table II. It is seen that the agreement is quite good up to a 
concentration of ION. 

The refractive indices of the solutions containing cobalt are 
given in Table III and plotted against the normality of the acid 
in Fig. 1 with those for the solutions of acid only. It is seen that 
the curves are not smooth. There is an obvious break in the con¬ 
tinuity, and each curve ultimately tends to become parallel with 
the corresponding curve for the solutions of acid only. 

Table III. 

Refractive Indices of CoCl 2 + HC1 Solutions and Differences from 


Corresponding HC1 Solutions . 


Kormal- 









ity of 


Differ¬ 


Differ¬ 


Differ¬ 


Differ¬ 

acid, 


ence 


ence 


ence 


ence 

**,- 

r 20* 
o • 

xio 5 . 

r D * 

XlO 5 . 

rf\ 

X 10 5 . 

r®\ 

XlO 5 . 

0 

1-34621 

1504 

1-34744 

1445 

1-35172 

1469 

1-35524 

1507 

1-048 

1-35437 

1499 

1-35564 

1391 

1-36019 

1420 

1-36390 

1446 

2-096 

1-36147 

1361 

1-36367 

1360 

1-36844 

1380 

1-37236 

1412 

3-144 

1*36899 

1305 

1-37142 

1327 

1-37646 

1341 

1-38056 

1372 

3-668 

1-37283 

1308 

1-37541 

1332 

1-38039 

1331 

1-38463 

1361 

4-192 

1-37655 

1298 

1-37906 

1303 

1-38435 

1324 

1-38864 

1343 

4-716 



1-38294 

1299 

1-38828 

1312 

1*39270 

1340 

5-240 



1-38670 

1283 

1-39225 

1303 

1-39673 

1334 

6-288 





1-39957 

1271 

1-40415 

1294 

6-498 





1-40093 

1243 

1-40568 

1266 

6-812 





1-40269 

1210 

1-40767 

1250 

7-126 





1-40449 

1168 

1-40932 

1187 

7-336 





1-40583 

1134 

1*41065 

1162 

8-384 





1-41169 

1000 

1-41693 

1047 

9-432 





1-41726 

875 

1-42268 

918 

10-48 





1-42366 

766 

1-42913 

802 

12-26 





1-43301 

641 

1-43853 

673 


If the cobalt atom were similarly associated in all these solutions, 
the refractive index should change regularly with increasing con- 
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centration of acid, as it does with, the solutions of acid alone. Since 
this is not so, it follows that the cobalt atom undergoes a change 
in its association as the concentration of acid is increased; a 
suggestion as to the nature of this change has been given on p. 2039 
and its course may be followed by considering the differences of 
the refractive indices of corresponding solutions. The values 


Fig. 2. 



Normality o/HCl. 

Upper curve: Solutions of hydrochloric acid -f cobalt chloride . 
Lower curve: Solutions of hydrochloric acid only. 


obtained on subtracting the refractive indices of the solutions of 
hydrochloric acid alone from those of the corresponding solutions 
containing cobalt are given in Table III and plotted against the 
normality of the acid in Fig. 3. 

The resulting curves are precisely similar to the curve obtained 
in the previous investigation by plotting the density differences 
against the concentration of acid. They exhibit well-marked 
inflexions at the same concentration of acid as the inflexion of the 
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density-differences curve and as the maximum of the viscosity- 
differences curve (both of which are reproduced in Fig. 3 for com¬ 
parison). It is seen that towards the end of its course each curve 
is flattening out (although not as sharply as the density-differences 
curve) to become parallel to the axis, of concentration, thus indicat- 

Fig. 3. 


Colour of the cobalt solution in transmitted light . 



Normality of HC1. 

Upper full-line curve: Surface-tension differences. 

Lower full-line curves: Refractive-index differences. 

For the G * line 9 shown thus ; x. 

»* 99 99 99 99 ©• 

99 99 D ,, „ f 

Upper dotted-line curve: Density differences. 

Lower dotted-line curve : Viscosity differences . 

ing that the change to the CoCl/' configuration is nearing com¬ 
pletion, where further increase in the concentration of acid could 
no longer affect the state of the cobalt atom. 

The refractive index of the blue form is evidently less than that 
of the red. As the concentration of acid is increased and the 
change from red to blue proceeds, the curve falls continuously but 
not regularly. The diminution of the difference of refractive index, 
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like that of the density difference, takes place at first very gradually 
and then very rapidly. The suggestion offered to account for this 
feature in the density-differences curve also explains the same 
form of the refractive index-differences curve. The Co(H 2 0) 6 " 
ions are progressively converted into CoCl 4 " ions, and as these are 
oppositely charged there is a powerful attraction between them. 
Evidently this attraction will be a maximum when equal numbers 
are present in the solution, and it is suggested that this condition 
obtains at the point of inflexion. 

Surface Tensions .—The values of the surface tensions for the two 
series of solutions are given in Table IV and plotted in Tig. 2. 
Previous determinations of the surface tension of some aqueous 
solutions of hydrochloric acid alone have been made by Volkmann 
(see Landolt and Bomstein’s Tables, 1923, p. 238) using the 
capillary-rise method. The values are in fair agreement with those 
now reported, which he on a smooth curve. An equation has not 
been found to express the whole curve, but if the logarithm of the 


Table IV. 


1. 

2. 

Surface Tensions . 

3. 4. 5. 

Surface tension of 

6. 

Cone, of HC1, 

"CoC1 2 +HC1. 

HC1 alone. 

Difference, 

Nw 

%* 

V20*- 

y 2 o* (obs.). 

720 * (calc.). 

(3—5). 

0 

0 

74*36 

72*69 

— 

1*67 

1*048 

3*757 

73*41 

72*52 

— 

0*89 

2*096 

7*385 

73*04 

72*30 

— 

0*74 

3*144 

10*89 

72*80 

72*10 

72-10 

0*70 

3*668 

12*63 

72*66 

72*00* 

72-01 

0*65 

4*192 

14*29 

72*50 

71*91 

71-92 

0*58 

4*716 

15*97 

72*34 

71-80* 

71-80 

0*54 

6*240 

17*59 

72*09 

71*67 

71-67 

0*42 

6*764 

19*20 

71*92 

71*52 

71-52 

0*40 

6*288 

20*79 

71*68 

71*38 

71-36 

0*32 

6*498 

21*43 

71*59 

71*26 

71-28 

0*31 

6*812 

22*37 

71*46 

71*15 

71-16 

0*30 

7*126 

23*30 

71*27 

71*07 

71-03 

0*24 

7*336 

23*91 

71*18 

70*92 

70-94 

0-24 

7*860 

25*43 

70*88 

70*70 

70-68 

0*20 

8*384 

26*94 

70*56 

70*40 

70-39 

0*17 

9*432 

29*90 

69*91 

69*62 

69-66 

0*25 

10*48 

32*80 

— 

68*71 

68-71 

— 


(Column 2 refers only to the solutions of hydrochloric acid alone.) 
* These two values are read from the curve shown in Fig. 2. 


difference, A, between the surface tension of water and that of 
each solution be plotted against the concentration of the solution, 
all the points except the first three he on a perfectly straight line. 
The equation to the line is 

log A = 0T13(W 18 . - 0*5850 
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where A = y water — y*oi> and jV 18 . is the normality of the solution 
at 18°. The values of the surface tension calculated from this 
expression are given in column 5 of Table IV. Comparing them 
with the observed values in column 4, it is seen that the agreement 
is within the limits of experimental error. 

It was found impossible to get very concordant values of the 
drop number with the more concentrated acid solutions. They 
indicate, however, that the surface tensions of these solutions are 
progressively higher than those anticipated from the general course 
of the curve. It will be recalled that the densities of these solutions 
were lower than demanded by the form of the density curve. 

The curve for the solutions containing cobalt, on the other hand, 
obviously consists of two parts, the first (for lower concentrations 
of acid) being convex to the axis of concentration, and the second 
(for higher concentrations of acid) being concave to this axis, and 
eventually becoming parallel to the curve for the solutions of acid 
alone. 

The change in the association of the cobalt atom may again be 
followed by examining the differences of the surface tensions of 
the solutions containing cobalt and the corresponding solutions 
containing acid only. These differences are given in column 6 of 
Table IV and are plotted against the normality of acid in Fig. 3. 
It is seen that the curve is again of the same type as the density- 
differences curve and the refractive index-differences curves, but it 
differs from these in two important particulars. 

The first of these is that the curve falls away rapidly from the 
initial value, whereas both the density-differences and the refractive 
index-differences curves fall off gently from the beginning. This 
characteristic of the surface tension-differences curve is readily 
explained. It is seen from the values of the surface tensions in 
Table IV and from the curves in Fig. 2 that the first solution in the 
series containing cobalt (i.e., aqueous cobalt chloride alone) has 
a surface tension greater than that of water; so also have the 
solutions immediately following. That is, the cobalt atom in its 
red association, Co(H 2 0) 6 ”, raises the surface tension of water. It 
follows from the Gibbs equation that the concentration of this 
ion in the surface layer is less than that in the bulk of the solution. 

It is evident from the curves in Fig. 2 that the blue solutions 
(those having a high concentration of acid) have a surface tension 
only slightly higher than the corresponding solutions containing 
acid alone. Assuming that the whole of the acid is “ free ” in these 
cobalt solutions, as in the solutions of acid alone, it follows that 
the cobalt atom in its blue association, CoCl 4 ", also raises the 
surface tension of water, but to a far smaller extent than does the 
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red Co(H 2 0) 6 ’\ It is quite probable, however, since the acid is 
not wholly free but partly bound in the form of these complex 
ions, that the surface tension of the blue solutions is actually less 
than that of solutions of acid alone having a concentration equal 
to that of the “ free ” acid. In this event, the blue form, CoCl 4 ", 
lowers the surface tension of water, and in accordance with the Gibbs 
equation its concentration in the surface layer is greater than in the 
bulk. 

Even if the blue form raises the surface tension, it follows that 
for a given bulk concentration of cobalt, its concentration in the 
surface layer would be greater than that of the red form. When, 
therefore, the first introduction of acid to the cobalt solution results 
in the conversion of some Co(H 2 0) 6 ‘* ions into CoCl 4 " ions, the 
same change takes place in the surface layer to a far greater degree. 
The increase in concentration of the blue form is therefore far 
greater in the surface layer than in the bulk of the solution. The 
surface tension, which is a purely surface phenomenon, is a measure 
of this change, so that the surface tension-differences curve falls 
rapidly with the initial increases in acid concentration, whereas 
the density-differences curve and the refractive index-differences 
curves, indicating the effect in the bulk of the solution, fall away 
gradually. 

The second particular in which the surface tension-differences 
curve differs from the others is that it exhibits its inflexion at a 
different concentration of acid. This also is to be expected and 
is explicable on the same reasoning. It has been suggested that 
the point of inflexion in the density-differences curve and in the 
refractive index-differences curves and also the maximum in the 
viscosity-differences curve occur when the solution contains equal 
amounts of the two kinds of ions, Co(H 2 0) 6 *' and CoCl 4 ", since the 
attraction between them will then be greatest. It is now suggested 
that the point of inflexion in the surface tension-differences curve 
corresponds to the concentration of acid at which the same con¬ 
ditions obtain in the surface layer. Since the blue form accumulates 
in the surface layer to the exclusion of the red form, it follows that 
there will be equal amounts of each in the surface layer before 
this state is reached in the bulk of the solution. The surface 
tension-differences curve should therefore exhibit inflexion before 
the corresponding curves for the other properties which are depen¬ 
dent on the conditions in the bulk. It is seen from Fig. 3 that this 
is so. 

It should be noted that although replacement of half the red 
form by the blue occurs in the surface layer sooner than in the bulk, 
the complete replacement cannot occur until this change if 
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complete in the bulk. So long as any of the red form remains in 
the solution, a corresponding amount will be present in the surface 
layer, and it is not until all the red form has been converted in 
the solution that the same state is reached in the surface layer. 
The surface tension-differences curve should therefore not flatten 
out and become parallel to the axis of concentration sooner than 
the other curves, but at the same concentration of acid. It is seen 
from Fig. 3 that the curve falls continuously from the point of 
inflexion and has not become parallel over the range examined, 
but there are indications that this condition will be reached as with 
the other curves. 

The Colour Change .—In the previous investigation, the colours of 
the cobalt solutions recorded were those observed by viewing thin 
layers ag ains t a white ground. In the present paper the colours 
of layers 5 cm. thick viewed in transmitted daylight are given at 
the head of Fig. 1. 

The solutions having an acid concentration up to 3-144A are 
definitely red when examined in either thin or thick layers. Those 
having a concentration greater than 6*288A are green in very thin 
layers, but definitely blue with no trace of green in thicker layers. 
This dichroism is very marked. 

Whereas these definitely red and blue solutions are clear and 
ec clean, 55 those lying within the limits stated are dull and <c muddy 55 
in appearance. In thin layers, the colour is indefinite. Thus the 
4-192A-solution was previously described as brownish-red; in a 
thick layer, however, it is pinkish-violet, being definitely reddish 
with a tinge of blue. The 5*240A 7 -solution, which is the most 
indefinite, was called a dull brown, but would have been better 
described as a dull amethyst, for even in thin layers it has a dis¬ 
tinct blue tinge. In thicker layers the solution is definitely blue 
with a faint tinge of red. The 6*288A-solution is a very deep 
violet. The change in colour is therefore gradual and extends 
over a fair range of acid concentration. The 4* 192Absolution being 
more red than blue, and the 5*240A-solution being more blue than 
red, the maximum colour change occurs between these concen¬ 
trations of acid, as indicated at the head of Fig. 3. The 4-716A- 
solution, mid-way in acid concentration between these two, appears 
to be very nearly half red and half blue. 

It was pointed out in the previous investigation that the point 
of inflexion in the density-differences curve and the maximum 
in the viscosity-differences curve do not coincide with the maximum 
change in colour, but at a considerably higher concentration of 
acid. The same is now seen to be true for the refractive index- 
differences curve. The colour change therefore takes place before 
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even half the cobalt has been transformed from the red to the blue 
association and this is in accordance with the fact already pointed 
out, that the blue form is far more intense than the red. 

It should be noted that the concentration of acid at which the 
two forms are in equal amount in the surface layer, as indicated by 
the surface tension-differences curve, also does not correspond to 
the concentration at which the change of colour occurs. 

Summary. 

1. The refractive indices and surface tensions of a series of 
aqueous solutions containing a constant amount of cobalt chloride 
and increasing amounts of hydrochloric acid have been determined. 

2. The same constants of an exactly similar series containing 
hydrochloric acid alone have also been measured. 

3. The differences in the values for corresponding solutions bring 
to light the effect of the acid on the cobalt in solution. 

4. The curve showing the differences in refractive index plotted 
against the concentration of acid is exactly similar to that of the 
density differences found in a previous investigation. The point of 
inflexion in both occurs at the same concentration of acid and is 
accounted for on the same reasoning. 

5. The curve showing the differences in surface tension is also 
similar, but has a sharp initial fall and exhibits its point of inflexion 
at a lower concentration of acid. These two differences are wholly 
explained by the facts (a) that the surface tension is a measure of 
the conditions prevailing in the surface layer while the other 
properties are a measure of those in the bulk of the solution, and 
(b) that the relative concentrations of the red and the blue cobalt 
ions in the surface layer are different from those in the bulk under 
any given conditions. 

6. The change in colour of the cobalt solutions with increasing 
acid concentration is discussed. 

The author would express his sincere thanks to Prof. F. L. Pyman, 
F.R.S., for giving him every facility for prosecuting this work. 

Municipal College op Technology, 

University op Manchester. [Received, June 4 th, 1927.] 
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CCLXIX .—Formation and Decomposition of Ketone 
Cyanohydrins , with Special Reference to some Com¬ 
pounds recently classified as such 

By Arthur Lapworth, Bichard Helmuth Fred Manske, and 
Edwin Brew Robinson. 

In a recent paper (Ber., 1927, 60, 586) Houben and Pfankuch 
described some new nitriles two of which were considered to .be the 
stereoisomeric cyanohydrins of camphor. These workers com¬ 
mented on the remarkable stability of these nitriles, which did not 
show any tendency to dissociate into hydrogen cyanide and ketone; 
but having also found that the direct union of hydrogen cyanide 
and camphor cannot be effected, they concluded that these observ¬ 
ations illustrate the rule that “ein Korper, der schwer entsteht, 
meistens schwer wieder zerfallt ” ( loc. cit p. 587). 

Houben and Pfankuch described another new nitrile which they 
regarded as “‘ menthon-cyanohydrin ” (loc. cit., p. 599). They did not 
state specifically that this compound has the same remarkable 
stability as the supposed camphor cyanohydrins, but, as they were 
able to purify it (apparently without adopting any special precautions) 
from boiling ligroin and to hydrolyse it with methyl-alcoholic 
potassium hydroxide, there can be no doubt that the compound was 
much more stable than most of the known cyanohydrins of other 
simple ketones. 

Passerini, in a still more recent paper (Ber., 1927, 60,1201,1202), 
accepts the views of Houben and Pfankuch, but finds that the 
supposed “menthon-cyanohydrin ” described by these authors is 
converted on hydrolysis with acids into a lactone, and infers that 
here “ das Hydroxyl des Menthon-cyanohydrin in den Menthan- 
Ring wandert.” Such a migration in a saturated compound has no 
parallel within the knowledge of the present authors. 

A long series of measurements of equilibria in systems containing 
cyanohydrin, hydrogen cyanide and ketone (or aldehyde) in aqueous 
alcohol has been made in these laboratories during the last 3 years 
and among the cases studied were those comprising camphor and 
menthone respectively. It was found that, out of some 60 ketones 
and aromatic aldehydes examined, only 2, benzophenone and cam¬ 
phor, gave no detectable amounts of cyanohydrin by direct com¬ 
bination with hydrogen cyanide. With the others, a sensibly 
constant equilibrium condition was attained within 24 to 36 hours 
at most in aqueous alcohol, if a very small proportion of tripropyl¬ 
amine was present as catalyst. The dissociation constants of the 
cyanohydrins varied very widely, ratios of extremes observed being 
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at least 1:25,000, and the failure of camphor and benzophenone to 
yield measurable quantities of cyanohydrin is doubtless to be 
ascribed to the exceptionally high dissociation constants of the 
cyanohydrins rather than to catastrophic disappearance of reaction 
velocity. 

It is quite otherwise in the case of menthone, the cyanohydrin * 
of which is formed quite readily in the cold, the time required in the 
above conditions to attain a concentration practically identical with 
the equilibrium value not exceeding 24 hours. 

Experiment A illustrates some of these statements : Menthone 
(11*38 g.), 2 c.c. of ethyl alcohol containing 0*24 g. of tripropylamine, 
and 5 c.c. of anhydrous hydrogen cyanide dissolved in cold dry 
methyl alcohol (about 30 c.c.) were mixed and left over-night 
in a stoppered flask, previous experience having shown that further 
contraction (initially attendant on combination) is inappreciable 
after such a period. The vessel was then opened, the contents made 
up to 50 c.c. with more dried methyl alcohol, and the flask again 
closed with a waxed stopper and allowed to remain in an ice-chest 
for 60 hours, a period considerably exceeding that (24—36 hours) 
which previous experiments, under not wholly dissimilar conditions, 
had shown to be amply sufficient for the attainment of a practically 
steady state.f The solution was then analysed by a method based 
on that of Ultee (Bee. trav . chim., 1909, 28, 248), which depends on 
the fact that in presence of mineral acid, silver nitrate in the cold 
precipitates only cyanidion which is not in combination with the 
aldehyde or ketone. An aliquot portion of the solution was removed 
and at once added to excess of standard silver nitrate solution 
acidified with nitric acid, the whole being shaken, and the silver 
cyanide removed by filtration. The excess of silver in the filtrate 
was determined by titration with standard thiocyanate in the usual 
way. The free hydrogen cyanide present in the original 50 c.c. of 
solution was thus found to be T95 g. 

Another portion of the solution was removed and allowed to 
remain in the cold with five times its bulk of AT-sodium hydroxide 
for 45 minutes. The whole was acidified with nitric acid and mixed 
with excess of standard silver nitrate and the excess of silver was 
determined as before. The total hydrogen cyanide found in this 
way was 3*49 g. (comparing favourably with 3*53 g. found in the 

* Strictly speaking, as menthone itself is a mixture of two dynamic iso- 
merides, each of which can theoretically give rise to two stereoisomeric addition 
compounds with hydrogen cyanide, the cyanohydrin formed as above must 
be a mixture of four isomerides, 

t A blank experiment in which the menthone was omitted showed that j 
the total amount of hydrogen cyanide remaining after these manipulations 
would be approximately 3*53 g. if no combination had taken place. . , 
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blank experiment above mentioned). It is probable that a minute 
but hardly measurable quantity of the sodium derivative of the 
cyanohydrin remains in equilibrium with menthone and cyanidion 
in presence of sodium hydroxide : 

C 10 H 18 O + CN' — C 10 H 18 (CN)*O'. 

From the titres, it may be deduced (1) that at equilibrium under 
the conditions specified above, 1 mol. of menthone is converted to 
the extent of about 0-8 mol. into cyanohydrin, in equilibrium with 
which 0*2 mol. of unchanged menthone remains with about 1 mol. 
of uncombined hydrogen cyanide, (2) that menthone cyanohydrin 
is almost completely converted into menthone and sodium cyanide 
by cold JV-sodium hydroxide in not more than 45 minutes, the rapid 
acidification preventing appreciable recombination. 

While the equilibrium may be effectively “ frozen 55 by excess of 
mineral acid in aqueous or dilute alcoholic solution (as is shown by 
the failure of silver nitrate to decompose the cyanohydrin in these 
circumstances), it has not been found possible to separate the 
cyanohydrin from unchanged menthone owing to the instability 
of the former. It is quite easy to convert menthone to the extent of 
90% into mixed cyanohydrins with excess of anhydrous hydrogen 
cyanide in presence of a trace of tripropylamine; but when attempts 
were made to remove hydrogen cyanide at the ordinary temperature 
by the use of a vacuum, even after adding some excess of hydrogen 
chloride in ether in the endeavour to stabilise the cyanohydrin, the 
latter underwent considerable decomposition and in the end con¬ 
stituted only about 30% of the residual oil. 

On subjecting the equilibrium mixtures to hydrolytic action of 
mineral acids, including sulphuric acid, concentrated or dilute, in the 
cold, no evidence was obtained of the formation of any acid amide 
or carboxylic acid, and Pinner's method for the conversion of 
nitriles into imino-ethers in ethereal solution also gave negative 
results; the nitrile group is, in fact, extremely resistant to cold acid 
hydrolysts. If the temperature be raised, thermal dissociation 
occurs and hydrogen cyanide is lost, again before any effective 
hydrolysis has taken place. With alkalis, as has been demonstrated, 
the cyanohydrin is almost quantitatively decomposed even in the 
cold in a short time—probably within a few seconds. The great 
speed at which equilibrium is reached from either side in systems 
comprising ketone and cyanohydrin in presence of considerable 
concentrations of hydroxylion or cyanidion or both is perhaps not 
generally realised. Experiment B is described to illustrate the last 
point. 

B. Cold saturated aqueous potassium cyanide (1 c.c.) at about 
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20° is shaken in a test-tube with 0*2 c.c. of cyclohexanone which has 
been purified through the bisulphite compound. The ketone, at 
first immiscible, very quickly disappears, if the temperature is 
initially about 15°, a clear solution being formed with rise of tem¬ 
perature ; then, as a rule, crystals of the potassium derivative of the 
cyanohydrin almost at once begin to appear and the whole sets, 
within about 30 seconds from the beginning of the experiment, to a 
semi-solid mass. 

How little the concentration of free hydrogen cyanide affects the 
addition process may also be observed by repeating the experiment 
with the previous addition of 0*5 c.c. of 30% aqueous potassium 
hydroxide to the potassium cyanide. Although the concentration 
of free hydrogen cyanide due to salt hydrolysis must be reduced 
thereby many thousand-fold, the same phenomena are observed, 
while the time taken for setting is not more than doubled. The 
apparent decrease in speed is doubtless due in the main to the 
salting-out action of the potassium hydroxide reducing the already 
small solubility of the cycZohexanone in the aqueous phase. 

Observations already mentioned show that menthone cyanohydrin 
is readily formed and decomposed even in the cold in alkaline media 
and therefore, if the phenomena just described are not reproduced 
when menthone is used instead of cycZohexanone, it is not because 
reaction is indefinitely delayed, but because the dissociation 
constants of menthone cyanohydrin and of its potassium derivative 
are much higher than those of cz/cZohexanone cyanohydrin and of its 
potassium derivative respectively.* If, therefore, the compound 
described by Houben and Pfankuch were, in fact, menthone 
cyanohydrin, then at a very early stage in the alkaline hydrolysis 
which they carried out (loc. cit., p. 600) equilibrium must have been 
attained, and this equilibrium should be reached no less rapidly by 
simply boiling menthone with potassium cyanide and potassium 
hydroxide in methyl-alcoholic solution, and with similar results on 
allowing hydrolysis to proceed. Experiment C was therefore carried 
out. 

O. Menthone (10 g.) with potassium cyanide (10 g., or 2*5 mols.) 
and methyl alcohol (100 c.c.) was heated on the steam-bath for 48 
hours. (A small portion of the product was removed at this point 
and worked up for carboxylic acid, but none could be detected.) 
Potassium hydroxide (25 g.) was next added and the heating was 
continued for a further 70 hours. On working up the whole for 
carboxylic acid, 1*9 g. of oily product, sparingly soluble in water hut 


* The dissociation constants of the two cyanohydrins in aqueous alcoholic 
solution at the ordinary temperature have been measured by one of i 
{R. H. F. M.) and found to be roughly in the ratio 72 : 1. 
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readily soluble in aqueous sodium carbonate, were isolated. Doubt¬ 
less Houben and Pfankuch would have commented on such a poor 
yield after so prolonged a period of heating, but they do not 
mention either. It may be added that on attempting to convert 
the acid material into amide by the method used by Houben and 
Pfankuch only a small proportion of the product was soluble in hot 
ligroin, and even that portion failed to yield any crystalline solid. 

Conclusions .—True menthone cyanohydrin, the mixture of 
cyanohydrins produced by addition of hydrogen cyanide to ordinary 
menthone, is readily formed and decomposed reversibly in solutions 
which are at all alkaline and its properties indicate that Houben and 
Pfankuch were dealing with quite another compound. The char¬ 
acters ascribed by these workers to the compounds which they 
describe as camphor cyanohydrins are also at variance with those of 
all known ketone cyanohydrins. 

It is suggested that a transformation of the Wagner type occurs 
when the nitrogen atom is separated from carbon in the experiments 
described by Houben and Pfankuch. 

The University, Manchester. [Received, July 5th, 1927.] 


CCLXX.— l-Methylephedrine , an Alkaloid from Ephedra 

Species. 

By Sydney Smith. 

The Chinese drug Ma Huang derived from an Ephedra species has 
become of importance in Western medicine as the source of Z-ephe¬ 
drine, an alkaloid which has recently been found to possess a physio¬ 
logical action resembling that of adrenaline. In addition to 
Z-ephedrine the drug contains d-^-ephedrine, and another alkaloid, 
the subject of the present communication, has now been isolated. 

The constitutions of Z-ephedrine and d-^-ephedrine 
(OH*CHPh*CHMe-NHMe) 

have been established beyond doubt by syntheses of the racemic 
bases and their resolution into the corresponding enantiomorphic 
forms, two of which are identical with the naturally occurring alka¬ 
loids Z-ephedrine and d-^-ephedrine. The empirical formula and 
properties of the new alkaloid suggested that it was probably the 
A 7 -methyl derivative of either Z-ephedrine or d-^-ephedrine. The 
W-methyl derivatives were therefore prepared by methylation of 
the natural bases and it was found that the m. p. and specific 
rotation of Z-methylephedrine were identical with those of the new 
alkaloid. Comparison of the m. p. and specific rotation of the 
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corresponding hydrochlorides and the methiodides afforded ample 
confirmation that the new alkaloid is identical with Z-methyl- 
ephedrine, OH*CHPh«CHMe*NMe 2 . 

Experimental. 

The syrupy alkaloidal residue obtained in the manufacture of 
ephedrine, freed as completely as possible from Z-ephedrine and 
cZ-0-ephedrine, was purified by distillation under reduced pressure 
and neutralised with aqueous oxalic acid and the solution was 
evaporated to dryness. The residue on extraction wi#i alcohol 
gave an alcohol-soluble fraction, which was dissolved in water 
and treated with a saturated aqueous solution of picric acid. The 
oil which first separated became solid on standing, and subsequent 
crops separated in a crystalline condition. The picrate was treated 
with hydrochloric acid and ether, and the resulting solution of the 
hydrochloride evaporated to dryness. The residue, after several 
crystallisations from alcohol, gave l-methylepkedrine hydrochloride 
in stout, colourless tablets, m. p. 188—189° (corr.) (Found : C, 61*3; 
H, 8*3; Cl, 16*2. C n H 17 ON,HCl requires C, 61*2; H, 8*4; a, 
16*4%). It is readily soluble in water, less soluble in alcohol, 
and sparingly soluble in acetone. In water solution, it had [a] D 
—29*8° (c = 4*6). 

Z-Methylephedrine, prepared by addition of concentrated potass¬ 
ium hydroxide solution to a solution of Z-methylephedrine hydro¬ 
chloride in water, separated as an oil which rapidly solidified. It 
crystallised readily from methyl alcohol in stout needles, m. p. 
87—88° (corr.). Previously recorded values are 59—62° (Miller, 
Arch. Pharm ., 1902, 240, 481), 78° (Eberhard, ibid., 1915, 253, 65), 
84° (Nagai, Abstract by Chen and Kao, J. Amer. Pharm. Assoc., 
1926, 15, 632) (Found: C, 73*5; H, 9*4. Calc, for C n H 17 0N: 
C, 73*7; H, 9*6%). The base can be titrated with standard acid 
with methyl-red as indicator : 0*7956 g, required 44*4 c.c. of 0*1 iV- 
sulphuric acid. C n H 17 ON requires 44*4 c.c. In methyl alcohol 
it had [<x] D —29*2° (c= 3*0). When treated with methyl iodide 
in methyl-alcoholic solution, it gave a methiodide which crystallised 
from alcohol in stout tablets, m. p. 212—213° (corr.) and had 
[a]* —21*8° (c = 2*9) (Found: I, 39*6. C^ONI requires I, 
39*5%). 

Methylation of l-Ephedrine. —Z-Ephedrine (28*4 g.), dissolved in 
methyl alcohol (28*4 c.c.), was boiled on a water-bath, and methyl 
iodide (27 g.) in methyl alcohol (27 c.c.) was added slowly. .The 
solution was boiled for 2 hours, concentrated under diminished 
pressure, and treated with potassium hydroxide solution and ether}" 
23*6 g. of the methiodide then separated., The alkaline liquor 
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extracted with ether and added to the first ethereal extract. After 
drying over potassium carbonate, the ethereal solution was distilled, 
the residual base neutralised with aqueous oxalic acid, and successive 
crops of Z-ephedrine oxalate, m. p. 249° (corr.), were removed. The 
final syrupy mother-liquor was treated with excess of * potassium 
hydroxide solution; an oil then separated which rapidly solidified. 
It melted at 86—87° (corr.) after crystallisation from light petroleum 
and at 87—88° (corr.) after a further crystallisation from methyl 
alcohol. When mixed with the alkaloid obtained from Ma Huang, 
it showed no depression in m. p. (Found : C, 73*7 ; H, 9*4. Calc, 
for C n H 17 ON: C,73*7; H, 9*6%). It had [a] D —29*5° in methyl 
alcohol (c = 4*5). 

The base was dissolved in ether and neutralised with hydrogen 
chloride. On crystallisation from alcohol the hydrochloride formed 
colourless tablets, m. p. 188—189° (Found : C, 61*4; H, 8*3; Cl, 
16*4. Calc, for C n H 17 ON,HCl: C, 61*2; H, 8*4; 01,16*4%). It 
had*[ oc]d —29*8° in water (c = 5*7). There was no depression of the 
melting point after admixture with the hydrochloride obtained from 
Ma Huang. 

Z-Methylephedrine methiodide crystallises from alcohol in stout 
tablets, m. p. 212—213° (corr.) (Eberhard, Zoc. cit ., gave m. p. 204°). 
In aqueous solution it had [a] D — 21-3° (c = 5*5) (Found : I, 39*3. 
Calc, for C 12 H 20 ONI: I, 39*5%). 

\-M ethylephedrine pier ate was prepared by adding a solution of 
the hydrochloride to a saturated aqueous solution of picric acid. 
It crystallised readily from alcohol and melted at 144° (corr.) (Found: 
C, 50*3; H, 4*5. C 17 H 20 O g N 4 requires C, 50*0; H, 4*9%). 

Methylation of d^Ephedrine.-^^^phedrme (56*8 g.), dissolved 
in methyl alcohol (56*8 c.c.), was boiled on a water-bath, and methyl 
iodide (56*8 g.) added slowly. The mixture was boiled for 4 hours 
and treated with potassium hydroxide solution and ether; it then 
deposited crystals of the methiodide (24*1 g.). The alkaline liquor 
was extracted, with ether and the united ethereal extracts were 
dried over potassium carbonate. After removal of the ether a 
crystalline residue (47*6 g.) was obtained which was fractionally 
crystallised from light petroleum; it then gave as a first crop 6*7 g. 
of crude d-^-ephedrine, m. p. 113°. Subsequent crops of low- 
melting base were obtained which were found by titration to consist 
of nearly pure methylephedrine. 

The base was converted into the hydrogen tartrate and purified 
by recrystallisation from water. 

dr^Methylephedrine hydrogen tartrate crystallises in needles which 
melt at 84° (coir.) and, after drying in a vacuum over sulphuric 
acid, at 152° (corr.) (Found in air-dried salt; loss in a vacuum over 
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H 2 S0 4 ,10-0. C 11 H 17 0N j C 4 H 6 0 6 ,2H 2 0 requires loss, 9-9%. Pound 
in dried salt: C, 54*6; H, 6-9. C n H 17 0N,C 4 H 6 0 6 requires C, 54-7; 
H, 7-0%). 

d-^-Methylephedrine was prepared by the addition of sodium 
hydroxide solution to a solution of the hydrogen tartrate in water. 
The base was extracted with ether and dried over potassium car¬ 
bonate, and the ether removed by distillation. The residue crystal¬ 
lised readily on cooling and melted at 29—30° (corr.). Emde {Arch. 
Pharm ., 1906, 244, 246) obtained the base as a thick oily liquid. It 
was recrystallised from light petroleum at —10°; thereafter it 
melted at 30° (corr.). d-ip-Methylephedrine is readily soluble in 
the common organic solvents, and somewhat sparingly soluble in 
water (Found: C, 73*7; H, 94. C n H 17 ON requires C, 73*7; 

H, 9-6%). In methyl alcohol it had [a] D -f 48-1° ( c = 4.7). It can 
be titrated with standard acid and ipethyl-red : 0*6689 g. required 
for neutralisation 37*2 c.c. of 0* IV-sulphuric acid. C u H 17 ON 
requires 37-3 c.c. 

d^-Methylephedrine methiodide crystallises readily from alcohol; 
m. p. 216—217° (corr.) (Emde, loc. cit ., gave m. p. 205°) (Found: 

I, 39*4. Calc, for C 12 H 20 ONI: I, 39*5%). In aqueous solution it 
had [a] D +34*7° (c = 2*9). 

d-iJj-Methylephedrine picrate was prepared by addition of a solution 
of the hydrochloride to a saturated solution of picric acid in water. 
It crystallised readily from alcohol and melted at 152—153° (corr.) 
(Found: C, 50*4; H, 4*9. C 17 H 20 O 8 N 4 requires C, 50*0; H, 4*9%). 

The author’s thanks are due to Mr. W. Ramsay for assistance in 
this investigation. 

Wellcome Chemical Works, 

Darteord. [Received, June 28th, 1927.] 


CCLXXI .—The Use of Titanous Chloride in the 
Volumetric Estimation of Copper and Iron • 

By William Gidley Emmett. 

In the course of a research involving many analyses of cupric chloride 
solutions, copper was estimated in the solutions by titration with 
titanous chloride, ferric ammonium sulphate in known quantity 
and potassium thiocyanate in excess being added as indicator* 
The method is well known and is described by Knecht and Hibbert 
(“New Reduction Methods in Volumetric Analysis,” 1918) and 
other workers. 

A source of error, apparently hitherto unremarked, lies 
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somewhat rapid decomposition of ferric and cupric thiocyanates by 
water at the ordinary and at higher temperatures. These reactions 
were investigated by Philip and Bramley (J., 1913, 103 , 795; 
1916, 109 , 597), who showed that the salts were reduced; in the 
case of the ferric salt, the rate of reduction was diminished by acid 
when an excess of alkali thiocyanate was present, and greatly 
increased by a rise in temperature; but the rate of reduction of 
cupric thiocyanate was not investigated. The results of a brief 
study of these sources of error, in so far as they concerned the other 
research, are now reported. 

The titrations were carried out according to the technique 
described by Knecht and Hibbert, carbon dioxide being passed 
through the flask. A 15% solution of titanous chloride, after being 
boiled with concentrated hydrochloric acid, was diluted to give an 
approximately 0-02Absolution, and stored in the apparatus depicted 
(toe. cit.). (The diluted solution contained as impurity about 
0*00013 g. of iron per c.c. as determined by oxidising 5 c.c. of the 
original 15% solution with acidified potassium permanganate and 
titrating the resulting ferric salt with a standardised titanous 
chloride solution.) A solution of standardised (approx. 0*025A) 
acidified ferric ammonium sulphate was used for checking the 
titanous chloride solution before and after each series of titrations, 
a slight but continuous decline in strength being noted. 

Decomposition of Ferric Thiocyanate .—Solutions of ferric thio¬ 
cyanate, prepared by mixing 25 c.c. of ferric chloride solution of 
known strength with 10 c.c. of 10% potassium thiocyanate (A.E.), 
containing different quantities of hydrochloric acid were titrated 
with standard titanous chloride at various intervals after mixing. 
The results (Table I) show that the decomposition is slight at the 

Table I. 


Cone, of 
Fe(CNS) 3> N. 

■ Acidity due to 
added HCI, AT. 


Interval between 

Temp. 

mixing and 
titration (mins.). 

0-0184 

nil 

16° 

3 

6 

0-0184 

nil 

25 

10 

6 

0-0189 

nil 

50 

ca . 0*5 




1*5 

0-0189 

0*43 

50 

3 

ca. 0*5 

1*5 

*0-158 

nil 

25 

3 

12 

*0-155 

0*25 

(HjSO,) 

25 

46 

15 

50 


* Experiments by Philip and Bramley. 


Ferric salt 
reduced, %. 

< 0*2 
0*5 
0*5 
1*4 
4*7 
11*5 
16*1 
1*7 
8*4 
12*9 
5*1 
7*5 -■ 
2*5 
3*0 
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ordinary temperature, and (in agreement with. Philip and Bramley) 
that it is more pronounced at higher temperatures, but is inhibited 
by acid. Consequently, in analytical work the titration of ferric 
thiocyanate solutions must be carried out at the ordinary tem¬ 
perature in the presence of free acid and without undue delay after 
addition of thiocyanate to the ferric salt. 

Decomposition of Cupric Thiocyanate .—Titrations with titanous 
chloride after different intervals were made on portions of 25 c.c. 
of cupric chloride solution (A.R.) to which had been added as 
indicator 10 c.c. of 10% potassium thiocyanate (A.R.) and 5 c.c. 
of the standard ferric solution together with varying amounts of 
hydrochloric acid. Typical results are given in Table II. 

Table II. 



Acidity due 


Interval between 


Cone, of 

to added 


mixing and 

Cupric salt 

Cu(CNS) 2 , n. 

HC1,N. 

Temp. 

titration (mins.). 

reduced, %.* 

0*0151 

Nil 

16° 

ca. i 

3*8 




2 

6*6 




4 

8*0 

0*0144 

0*09 

Room temp. 

2 

<0*1 



6 

0*7 

0*0151 

ca. 1*2 

Room temp. 

2i 

0*2 



71 

1*3 


* Since the velocity of change of ferric thiocyanate at the ordinary tem¬ 
perature is seen to be small compared with that of cupric thiocyanate, the 
total reduction has been ascribed to the latter. 

Solutions of cupric chloride containing hydrochloric acid in 
concentrations from 0*2 5N to 3*3 N, when titrated at the ordinary 
temperature with titanous chloride as soon as possible after addition 
of potassium thiocyanate, gave results which agreed amongst 
themselves within 0*1%. It is thus seen to be essential in the 
titration of cupric thiocyanate solutions to observe the same 
precautions as in the case of ferric thiocyanate. 

When solutions of cupric chloride ( ca. 0-0152V) and 10% potassium 
thiocyanate (with or without added acid) were mixed and kept for 
10 minutes or more before titration with titanous chloride, sharp 
end-points were not obtained; after the red colour of the ferric 
thiocyanate indicator had yielded to a colourless solution holding 
a pale grey precipitate, it developed again in a few seconds. Further 
addition of a drop of titanous chloride caused decoloration followed 
by renewed appearance of colour, and so on. The phenomenon is 
ascribed to the precipitation of cupric thiocyanate from the solution 
while awaiting titration, black acicular crystals having been observed 
under such conditions; in the course of the titration the precipitate 
slowly redissolves and reacts at the end to re-form ferric thiocyanate*;; 
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This supplies another reason why titration of cupric thiocyanate 
solutions should be done without loss of time. 

By following Knecht and Hibbert’s method with the addition of 
the precautions mentioned, analyses with an error of less than 
0-2% were easily obtained. The titanous chloride solutions were 
standardised against a solution of cupric chloride (A.R.) in which 
the chlorine had been determined gravimetrically as silver chloride 
and/or the copper as cuprous thiocyanate. 

A more convenient method of preparing a standard copper 
solution consists in dissolving a known weight of electrolytic copper 
in a solution of sodium peroxide in hydrochloric acid. About 5 g. 
of sodium peroxide are added to about 20 c.c. water and the solution 
is acidified with concentrated hydrochloric acid, being kept cool 
meanwhile. About 1 g. of pure copper turnings is added and dis¬ 
solves in about \ hour. The solution is then boiled under reflux to 
decompose all hydrogen peroxide (or to drive off dissolved chlorine), 
and diluted to a convenient volume. This method gave results 
from 0-1 to 0*2% lower than that previously described, probably on 
account of the presence of traces of iron in the sodium peroxide used. 

The use of ferrous ammonium sulphate as a primary standard has 
been adversely criticised by the XJ.S. Bureau of Standards (Circular 
No. 26, 1921, 11) and by Thornton and Wood (Ind. Eng . Chem ., 
1927, 19, 150), and the author’s results are in agreement with this. 

The reduction of solutions of cuprie thiocyanate on standing 
gives a ready explanation of Tomicek’s observation (Bee. trav . 
chim 1924, 43, 798) that when copper sulphate solutions were 
titrated by the potentiometric method in the presence of an excess 
of potassium thiocyanate large divergences from the expected 
figures were obtained; his suggestion that the thiocyanate is changed 
to sulphide, the copper salt being thereby fixed, is probably incorrect. 

Highly erratic results were also recorded by Mach and Lederle 
(Landw. Versuchs-Stat., 1914, 84, 142) when titrating mixtures of 
ferric chloride and cupric sulphate in the presence of potassium 
thiocyanate, the ascertained copper content of cupric sulphate 
crystals varying from 25*08 to 18*26% with increasing concentration 
of ferric salt, whilst analysis by the electrolytic method gave 25-52% 
copper. These vagaries may perhaps also be ascribed to decom¬ 
position of the thiocyanates prior to titration, or alternatively to 
precipitation of cupric thiocyanate from the solutions. 

The author desires to express his indebtedness to Dr. S. R. Garter 
for valuable assistance in the course of the work. 

The University op Birmingham, 

Edgbaston. [j Received ,, March 31 st, 1927.] 
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CCLXXII .—Studies of Equilibria in the Systems 
Sodium Chloride—Lead Chloride-Water , Lithium 
Chloride-Lead Chloride— Water . 

By George E. R. Deacon. 

The purpose of this work was the investigation of those complex 
salts, if any, formed by lead chloride with sodium or lithium chloride, 
which are capable of existence in contact with aqueous solutions 
at 25°, and to obtain the isothermal diagrams for these systems. 
The method used was the same as that described by Burrage 


Fig. 2. 



100 200 300 200 400 600 800 


G. o/NaCl per 1000 g , of water. G. of LiCl per 1000 g . of water. 

(J., 1926, 1703). The lead was estimated gravimetrically as chrom¬ 
ate and the total chloride as silver chloride, water being found by 
difference. The analytical results for the liquid and wet solid 
phases were plotted on triangular diagrams according to Schrei- 
nemakers’s method of residues; they exhibit the nature of the results 
more clearly, however, when plotted as in Figs. 1 and 2. 

Lead Chloride-Sodium Chloride-Water. 

Previous work on this system has led to conflicting results. 
(Mme.) Demassieux (Ann. Chim ., 1923, 20 , 233) studied the system 
at 100°, 60°, and 13°, and found that no double compounds existed. 
Kendall and Sloan (J. Amer. Chem. Soc., 1925,47, 2306), working 
at 25°, describe the compound 2PbCl2,NaCl. The present inves¬ 
tigation shows the absence of any such compound, the solid phases 
being lead chloride and sodium chloride only. 

4 a-2 


r. of PbCl a per 1000 g. of water . 
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Table I (see Fig. 1). 

Composition of the equilibrium solutions at 25° for the system 
(Concentrations are expressed as g. per 1000 g. 


NaCl-PbCl 2 -H 2 0. 


of water.) 

NaCl. 

PbCl 2 . 

Solid 

phase. 

NaCl. 

PbCl 2 . 

— 

10*87 

PbCl 2 . 

99 

143*0 

3*52 

5-0 

7*24 

160*0 

4*14 

8*8 

4*22 

99 

200*0 

6*01 

15*57 

2*52 

99 

240*0 

8*87 

20*0 

2*09 

99 

280*0 

13*77 

30*0 

1*80 

99 

300*0 

17*30 

40*0 

1*72 

99 

320*0 

21*50 

50*0 

1*67 

99 

340*0 

26*40 

60*0 

1*75 

99 

369*9 

34*80 

80*0 

1*88 

99 

367*0 

20*10 

100*0 

2*14 

99 

363*0 

8*20 

121*0 , 

2*79 

99 

359*6 

— 


Solid phase. 
PbCl 2 . 


PbCl 2 + NaCl. 
NaCl. 


Lead Chloride-Lithium Chloride-Water. 


This system has been investigated at 50° by Demassieux {loc. cit.), 
and some measurements have also been made at 25° by Kendall 
and Sloan (loc. cit.), who claimed the existence of the salt LiCl,2PbCl 2 . 
The present work shows the absence of this salt at 25°, and that of 
Demassieux shows that no compound is formed at 50°. 

The system is singular in that the decrease in solubility of the 
lead chloride to 1*39 g. and the subsequent increase to 103*5 g. are 
followed by a slight decrease in solubility to 101*6 g. before the 
eutectic point is reached. The curve undergoes a break at the 
eutectic point, and a second solid phase Lid,H 2 0 separates. The 
separation of the monohydrate is in agreement with the work of 
Bogorodsky ( J. Buss. Phys. Chem. Soc ., 1893,25,316), who describes 
this hydrate as the stable form between 12*5° and 98°. 


Table II (see Fig, 2). 


Composition of equilibrium solutions at 25° for the system 
LiCl-PbCl 2 ~H 2 0. (Concentrations are expressed as g. per 1000 g. 
of water.) 

Solid 


LiCl. 

PbCl 2 . 

phase. 

LiCl. 

PbCl 2 . 

— ' 

10*87 

PbCl 2 . 

257*7 

8*02 

3*88 

4*74 

99 

329*2 

16*36 

6*67 

2*68 

99 

453*9 

48*71 

7-16 

2*58 


458*8 

52*34 

20*24 

1*67 


621*8 

94*43 

21*64 

1*58 

99 

735-2 

103*5 

29-74 

1-53 


794*1 

103*4 

43*77 

1*39 


834*9 

101*6 

59*94 

1*52 

99 

835*0 

72-0 

75-88 

1*53 

99 

835*0 

31*0 

156-2 

2*58 

99 

830*0 

17*2 

221*6 

5*61 

99 

830*5 

— 


Solid phase. 
PbCl 2 . . 


PbCl 2 + LiCl,H*0. 
LiCUffA 


» 
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Treis (Jahrb. Min . Beil.-Bd 1914, 37, 766), investigating the 
binary systems PbCl 2 -XCl (where X = Li, Na, K, or Rb), found 
that whilst potassium gave two double compounds, and rubidium 
three, no combination was obtained between lithium or sodium 
chloride and lead chloride. Double salts are also formed between 
potassium and lead chlorides in aqueous solution (Burrage, loc. ciL). 

Summary. 

1. Equilibria existing at 25° in the systems NaCl-PbClg-HgO, 
and LiCl-PbCl 2 -H 2 0 have been investigated over the whole range 
of concentrations. 

2. At this temperature, no double salts are capable of existence 
in either system. 

The author desires to thank Professor Allmand, under whose 
direction this work was carried out during the session 1926—1927. 

Univebsity o:f London, 

King’s College. [. 'Received , July 9th, 1927.] 


CCLXXIII .—Ferric Thiocyanate . 

By Kenneth Claude Bailey. 

It is generally assumed that the blood-red substance produced by 
the interaction of ferric chloride and potassium thiocyanate, and 
extracted by ether from its aqueous solution, is ferric thiocyanate. 
Kruss and Moraht ( Ber ., 1889, 22, 2054) obtained double salts, to 
which they attributed the formulas 9KSCN,Fe(SCN) 3 ,4H 2 0 and 
3KSCN,Fe(SCN) 3 ,ftH 2 0, by crystallisation from aqueous mixtures, 
but these salts were decomposed by moist ether, and could not 
account for the colour extracted by that solvent. 

Clarens’s suggestion {Bull. Soc . chim., 1923, 33, 988) that the 
substance obtained in presence of an excess of ferric chloride is a 
dithiocyanate has been combated by the author (Proc. Roy . Irish 
Acad., 1924, 37, B, 2, 6). 

Tarugi stated ( Oazzetta , 1904, 34, ii, 326; Annali Chim. Appl, 
1925, 15 , 416; 1926, 16 , 281) that the red compound was a per 
oxidised ferrous salt, FeHC 3 N 3 S 3 0 3 , but his conclusions from hi 
earlier work were disputed by Bongiovanni (Oazzetta, 1907, 37, 
i, 472). Although Tarugi reaffirmed these conclusions in his later 
work, it was deemed desirable to repeat his experiments and 
examine point by point the most striking arguments which he 
adduced in support of his formula. ] 
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According to his directions, therefore, an excess of freshly pre¬ 
pared ferric hydroxide was dissolved in aqueous thiocyanic acid, 
the solution saturated with sodium chloride and extracted with 
ether, and the extract filtered and dried, where desirable, over 
anhydrous sodium sulphate. The results obtained were identical 
with those given by an ethereal extract of ferric chloride and 
potassium thiocyanate (excess). 

(1) A little of the fresh ethereal solution was added to water, and 
then gave a deep blue colour with potassium ferrocyanide and only 
a yellow colour with ferricyanide (Tarugi obtained a greenish colour 
and a blue colour, respectively). After being kept for some time, 
the solution gave a blue colour with ferricyanide, showing slow 
reduction of part of the iron to the ferrous condition. 

(2) When dilute nitric acid was added to a strong solution of 
potassium thiocyanate, and the mixture shaken with ether, a red 
extract was obtained which was strongly acid. This result can 
hardly be attributed to oxidation as asserted by Tarugi, for a similar 
extract was obtained when hydrochloric acid was substituted for 
nitric acid, and the substance extracted was almost certainly 
thiocyanic acid (compare Bailey, Zoc. cit .; Werner and Bailey, J., 
1926,2970). 

(3) A solution of ferric sulphate was prepared containing 5-58 g. 
per litre of iron and excess of acid. If no excess acidity had been 
present, 30 c.c. of Nj 10-sodium hydroxide should have sufficed to 
precipitate all the iron in 10 c.c. and give a neutral solution. About 
69 c.c. were actually needed; 10 c.c. of the ferric solution contained, 
therefore, the equivalent of about 39 c.c. of A/lO-acid in excess. 
When similar titrations were performed with solutions containing 
potassium thiocyanate and potassium oxalate, very indefinite 
results were obtained by the use of phenolphthalein, the indicator 
employed by Tarugi. Neutral litmus paper gave consistent results 
and was employed throughout. 

Another source of error lay in the fact that the iron was not com¬ 
pletely precipitated from solutions containing thiocyanate and 
oxalate until a fair excess of alkali was present, and there was a 
danger of adsorption of the alkali by the precipitated hydroxide. 
To avoid this, the solution was boiled, and 68 c.c. of A 7 /10-alkali 
were added. The solution was filtered, the filter-paper washed, 
and further alkali added to ensure complete precipitation. The 
solution was again filtered, and the solution and washings were 
back-titrated with N /10-sulphuric acid. This procedure was 
followed even in the case of the plain ferric sulphate solution, to 
ensure unifoimity of results, for each filtration necessarily incurs 
loss. The following results were obtained : 
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10 C.c. of ferric sulphate solution required 69-1 c.c. of -A 7 /10- 
sodium. hydroxide. 

10 C.c. of ferric sulphate solution + 60 c.c. of Nj 10-potassium 
- thiocyanate ( i.e ., 6 mols.) required 69*3 c.c. 

10 C.c. of ferric sulphate solution + excess of concentrated 
potassium thiocyanate + potassium oxalate until solution 
was pale yellow required 69*1 c.c. 

No increase in free acidity due to the reduction of iron to the 
ferrous condition was observed, and the only plausible explanation 
of Tarugi’s statement, that such increase occurs, is that an error 
was introduced by the use of phenolphthalein, or by adsorption 
of sodium hydroxide by the precipitate. 

Tarugi suggested that the decolorisation of the red solution by 
potassium oxalate was due to reduction of the red peroxidised 
compound by the oxalate. If this were the case, an amount of 
potassium oxalate equivalent to the original red compound should 
be nxidised during the reaction. 

Quantitative estimations showed that no oxalate disappeared 
during the operation, and that twenty times as much oxalate was 
necessary for approximate decolorisation as should have sufficed for 
reduction of the peroxidised compound supposed to be present. 
This result was consistent with the disappearance of the red colour 
by double decomposition, but not with reduction of a peroxidised 
compound at the expense of the oxalate. 

(4) Some fresh, red, ethereal solution was decolorised by potassium 
oxalate. Ammonia was added and the precipitate was quickly 
filtered off, washed with air-free water, and dissolved in hydro¬ 
chloric acid; the solution gave an intense blue colour and pre¬ 
cipitate with ferroeyanide, but only a greenish-yellow solution with 
ferricyanide. Tarugi 5 s result (that the iron is precipitated in the 
ferrous condition) is only intelligible on the supposition that the 
ferric oxalate solution was exposed to sunlight, which would 
probably cause formation of some ferrous oxalate. 

(5) Some of the ethereal solution was treated with oxalate, 
calcium chloride, and ammonia, as directed by Tarugi. The pre¬ 
cipitate, as before, contained ferric iron and no ferrous iron. To 
the neutralised filtrate one drop of very dilute ferric chloride solution 
was added. A red colour, readily extracted by ether, was produced. 
Tarugi obtained a red colour not extracted by ether. This result 
may be easily explained. If the solutions employed are fairly 
dilute, the filtrate is a very dilute solution of thiocyanate, and even 
one drop of concentrated ferric chloride produces an excess of the 
latter reagent. The red colour is then only extracted with 
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culty. By using concentrated solutions of the other reagents and 
a dilute solution of ferric chloride, a mixture is obtained in which 
the thiocyanate is in excess, and the colour is readily extracted 
(see Durand and Bailey, BuU. Soc, chim ., 1923, 33, 653; Bailey, 
loo . cit.), 

(6) To water freed from air by boiling, some ammonia was added 
in a separating funnel, and red ethereal solution till the funnel "was 
quite full. After shaking, the precipitate was allowed to subside, 
and had the typical appearance of ferric hydroxide; it was rapidly 
and, repeatedly washed with air-free water, and dissolved in a little 
acid. The resulting solution gave no blue colour with ferricyanide. 
The supernatant liquid was tested for thiocyanate as under (5), 
with similar results. 

(7) The ethereal solution gave a blue colour with benzidine, but a 
similar result was obtained with ferric chloride and benzidine. This 
reaction, therefore, does not prove the peroxidised nature of the 
red compound. 

(8) An attempt was made to crystallise the red compound from 
its ethereal solution, dried over anhydrous sodium sulphate. This 
solution, however, when kept in a desiccator, changed in com¬ 
position even before depositing solid, and a solution which originally 
gave only a yellow colour with ferricyanide soon gave a blue colour, 
showing conversion of iron into the ferrous state. After the solution 
had evaporated almost completely, the residue remained moist for 
about a week. This red liquid was acid in reaction, and doubtless 
contained free thiocyanic acid. A large proportion of the iron in 
the solid residue, although not all, was in the ferrous condition, 

Philip and Bramley (J., 1913, 103, 795) observed reduction of 
ferric thiocyanate in aqueous solution : 

8Fe(CNS) 3 + 6H 2 0 = 8Fe(CNS) 2 + 7HCNS + CO a + H 2 S0 4 + NH 3 . 

It seems possible that a similar reduction of ferric thiocyanate to 
ferrous thiocyanate with production of thiocyanic acid is taking 
place here. In view of the undoubted and rapid alteration of the 
red product, it seems unlikely that an analysis of any substance 
crystallised from the ethereal solution in a desiccator (Tarugi found 
Be, 2059; S, 34-37. Calc, for FeHC3N 3 S 3 0 3 : Fe, 2007; S, 
3440%) can give results sufficiently trustworthy to establish a 
formula such as that proposed by Tarugi. 

Summary. 

Many of the experiments described by Tarugi have been carefully 
repeated. No evidence was obtained to support his conclusion 
that the red compound formed by dissolving ferric hydroxide in an 
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aqueous solution of thiocyanic acid is FeHC 3 N 3 S 303 . The results 
all indicate that the compound is ferric thiocyanate* 

The author wishes to express his gratitude to Professor E. A. 
Werner for the helpful interest which he has taken in this work. 

Trinity Co lle ge, Dublin. [Received, June 21$£, 1927.] 


CCLXXIV .—The Inflammation of Mixtures of the 
Paraffins and Air in a Closed Spherical Vessel . 

By George Barton Maxwell and Richard Vernon Wheeler. 

In a previous paper on the inflammation of mixtures of methane 
and air in a closed spherical vessel (J., 1918, 113, 840), ignition 
being at the centre, it was recorded that the maximum pressures 
developed were about 10% less than the calculated values. For the 
calculations, the degree of dissociation of the products when inflam¬ 
mation had spread through the vessel was determined by analyses 
of samples rapidly withdrawn at the moment of attainment of 
maximum pressure; and Langen’s values for specific heats were 
used. Close agreement between results obtained for mixtures of 
the same composition, inflamed within spheres of 4 and 16 litres 
capacity, showed that losses due to conduction of heat could not 
entirely account for the low experimental values, which were 
ascribed mainly to radiation losses. Experiments by Tizard and 
Pye (Empire Motor Fuels Committee, Report, 1923—24) with 
internal-combustion engines, gave surprisingly high results for the 
pressures produced on explosion of mixtures of heptane and air, 
the observed pressures being but little less than those calculated. 
Either the heat loss during the inflammation of heptane is con¬ 
siderably less than with methane, or the method of calculating 
explosion-temperatures used by Tizard and Pye gave low values. 

The work herein described was undertaken to elucidate this 
matter and to study the factors which influence the rate of inflam¬ 
mation of hydrocarbons. The hydrocarbons used were the first 
five members of the paraffin series. Save that the pressure-gauge 
was fitted with a stronger spring than in the earlier determinations, 
the explosion-vessel (a 4-litre sphere) and the method of experiment 
were as described previously (loc. cit .). To ensure strictly com¬ 
parable results throughout the series, the experiments with methane 
and ethane (see J., 1919, 115, 81) were repeated. The pressures 
measured were slightly higher than in the earlier records, but the ; 
results, given in the tables that follow, did not otherwise differ, 
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materially. Each table of observed results is followed by calcu¬ 
lations of the maximum temperatures attainable and the theoretical 
maximum pressures for a number of mixtures. The method of 
calculation, which is explained in the experimental portion of the 
paper, was based on that used by Tizard and Pye (loc. cit.), whose 
data we have employed. The theoretical composition of the 
products of combustion of each mixture, and the ratios of the 
number of molecules present at the moment of maximum tem¬ 
perature to the initial number (“ molecular ratios ”) are also 
recorded. All the mixtures were at an initial temperature and 
pressure of 15° and 1 atmosphere, and were ignited at the centre 
of the sphere. 

Table I. 

Mixtures of Methane and Air. 


Theoretical mixture for complete combustion : 9-47% CH 4 . 
Approximate limits of inflammability : 5-6—13-6% CH 4 . 



Time from ignition 

Time from ignition 

Maximum press. 

Methane, 

to first indication 

to maximum press. 

above atmospheric 

%• 

of press, (sec.). 

(see.). 

(atm.). 

6*05 

0*167 

0*545 

2*67 

6-40 

0*122 

0*340 

3*80 

7*15 

0-076 

0*151 

5*08 

7*35 

0*058 

0*119 

5*69 

S*30 

0*025 

0*081 

6*63 

8*60 

0*025 

0*078 

6*91 

9*15 

0*031 

0*070 

7*21 

9*65 

0*021 

0*069 

7*35 

9*70 

0*031 

0*068 

7*37 

10*20 

0*020 

0*067 

7*43 

10*40 

0*038 

0*068 

7*28 

10*80 

0*021 

0*071 

7*21 

11*40 

0*040 

0*087 

6*88 

11*90 

0*045 

0*102 

6*54 

12*10 

0*041 

0*137 

6*41 

12*70 

0*071 

0*257 

5*35 

13*40 

0*166 

0*368 

4*23 


Calculated Maximum Temperatures and Pressures * 


Products of combustion * at moment of 




maximum temperature, %. 


M Mole¬ 
cular 

Maxi¬ 

Press. 

%* 

O 

CO. 

H a O. 

H *. 

O a . 

n 2 . 

ratio.” 

mum 

temp. 

rise, 

atm. 

7*00 

6*70 

0*17 

15*40 

0*05 

5*46 

72*22 

1*0005 

2005° 

6*90 

8*00 

7*27 

0*56 

17*21 

0*14 

3*54 

71*28 

1*0010 

2155 

7*48 

9*00 

7*37 

1*41 

18*87 

0*39 

1*85 

70*11 

1*0072 

2265 

7*88 

9*47 

7*21 

1*98 

19*47 

0*58 

1*28 

69*48 

1*0130 

2300 

8*04 

9*70 

7*00 

2*42 

19*80 

0*65 

0*92 

69*21 

1*0135 

2310 

8*10 

10*00 

6*79 

2*87 

20*20 

0*77 

0*69 

68*68 

1*0185 

2320 

8*17 

11*00 

5*52 

4*93 

20*70 

1*72 

0*13 

67*00 

1*0275 

2275 

8*10 

12*00 

4*03 

7*15 

20*68 

3*30 

0*01 

64-83 

1*0550 

2185 

8*00 

13*00 

2*30 

9*30 

20*02 

6*20 

Trace 

62*18 

1*0934 

2050 

7*82 


* CH* = nil. 
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Table II. 

Mixtures of Ethane and Air . 


Theoretical mixture for complete combustion : 5*64% C 2 H 6 . 
Approximate limits of inflammability : 3*1—10* 7% C 2 H 0 . 



Time from ignition 

Time from ignition 

Maximum press. 

Ethane, 

to first indication 

to maximum press, above atmospheric 

0/ 

/o* 

of press, (sec.). 


(sec.). 


(atm.). 

4*10 


0*056 



0*113 


6*34 


4*45 


— 



0*097 


6*70 


4*90 


0*039 



0*076 


7*36 


5*15 


0*035 



0*066 


7*39 


5*55 


0*030 



0*055 


7*62 


6*15 


0*024 



0*050 


7*87 


6*30 


0*024 



0*052 


7*94 


6*75 


0*029 



0*056 


7*81 


6*95 


0*034 



0*060 


7*89 


7*50 


0*037 



0*083 


7*42 


7*60 


0*051 



0*088 


7*35 


8*20 


0*078 



0*172 


6*94 


Calculated Maximum Temperatures 

and Pressures . 


Products of combustion * 

at moment of 





maximum temperature, %. 


“ Mole¬ 

Maxi- 

Press. 

n xt __ 






cular 

tYvirfri 


V-"> x 






UUU.II 1 

X JLMwj 

vp' 

O'' 

O 

O 

to 

CO. 

h 2 o. 

h 2 . 

0 2 . 

N t . 

ratio/* 

temp. 

atm. 

4*00 7*52 

0*18 

13*18 

0*04 

5*96 

73*12 

1-0269 

1990° 

7*04 

4*80 8*34 

0*84 

15*24 

0*17 

3*48 

71*93 

1*0288 

2210 

7*88 

5*20 8*37 

1*51 

16*20 

0*26 

2*43 

71*23 

1*0347 

2280 

8*18 

5*80 8*05 

2*83 

17*38 

0*57 

1*17 

70*00 

1*0463 

2350 

8*51 

6*00 7*79 

3*42 

17*68 

0*76 

0*86 

69*49 

1*0515 

2355 

8*59 

6*20 7*54 

4*01 

18*06 

0*85 

0*52 

69*02 

1*0561 

2350 

8*61 

7*00 5*69 

7*00 

18*37 

2*23 

0*05 

66*66 

1*0824 

2280 

8*57 

8*00 3*27 

10*58 

17*94 

4*41 

Trace 

63*80 

1*1481 

2110 

8*50 


Table III. 

Mixtures of Propane and Air. 

Theoretical mixture for complete combustion : 4-02% C 3 H 8 . 
Approximate limits of inflammability : 2*2—7*3% C 3 H 8 . 


Propane, 

Time from ignition 
to first appearance 

Time from ignition 
to maximum press. 

Maximum press, 
above atmospheric 

%. 

of press, (sec.). 

(sec.). 

(atm.). 

2*45 

0*143 

0*303 

4*37 

3*50 

0*039 

0*073 

7*51 

3*70 

0*038 

0*063 

7*83 

4*25 

0*033 

0*055 

8*00 

4*60 

0*035 

0*055 

8-09 

5*15 

0*034 

0*062 

7*90 

5*25 

0*043 

0*062 

7*89 

5*65 

0*049 

0*087 

-7*59 -*.;*.$* 

6*45 

0*102 

0*198 

6*33 
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Calculated Maximum Temperatures and Pressures. 


Products of combustion * at moment of 


rj tt 


maximum temperature, %, 


“ Mole¬ 
cular 

Maxi¬ 

Press. 

O/ 

/o* 

co7 

CO. 

H a O. 

H a , 

o 2 . 


ratio.” 

mum 

temp. 

rise, 

atm. 

2*5 

7*16 

0*04 

11*25 

0*01 

7*59 

73*95 

1*0248 

1850° 

6*56 

3*0 

8*21 

0*36 

13*01 

0*07 

5*24 

73*11 

1*0317 

2075 

7*43 

4*0 

8*65 

2*54 

16*06 

0*45 

1*61 

70*71 

1*0551 

2340 

8*56 

4*4 

8*03 

4*10 

16*95 

0*79 

0*63 

69*50 

1*0693 

2370 

8*80 

4*6 

7*47 

5*11 

17*27 

1*08 

0*36 

68*71 

1*0790 

2365 

8*88 

5*5 

4*58 

9*76 

17*00 

3*63 

0*09 

64*94 

1*1345 

2190 

8*71 

6*0 

2*80 

12*40 

16*80 

5*18 

0*02 

62*80 

1*1813 

2065 

8*59 


* C 3 H 8 = nil. 


Table IV. 

Mixtures of Butane and Air. 


Theoretical mixture for complete combustion : 3*12% C 4 H 10 . 
Approximate limits of inflammability : 1*65—5*7% C 4 H 10 . 



Time from ignition 

Time from ignition 

Maximum 

press. 

Butane, 

to first appearance 

to maximum press, above atmospheric 

%* 

of press, (sec.). 


(sec.). 


(atm.). 

2*05 

0*078 


0*149 


5*20 


2*55 

0*043 


0*078 


7*42 


3*00 

0*027 


0*059 


8*15 


3*60 

0*027 


0*055 


8*48 


3*70 

0*029 


0*054 


8*33 


3*75 

0*027 


0*057 


8*59 


4*40 

0*041 


0*080 


7*78 


4*75 

0*081 


0*117 


7*18 


4*85 

0*061 


0*127 


7*03 


5*15 

0*136 


0*221 


6*83 


Calculated Maximum Temperatures and Pressures: 


Products of combustion * 

at moment of 




f! TT _ 

maximum temperature, %, 


“ Mole¬ 
cular 

Maxi¬ 

Press. 






mum 

rise, 

%• co a . 

CO. H a O. H 2 . 

0 2 . 

n 2 . 

ratio.’* 

temp. 

atm. 

2-0 7-55 

0*10 11*19 0*02 

7*19 

73*95 

1*0301 

1905° 

6*80 

3-0 8-89 

2*26 15*16 0*36 

2*03 

71*30 

1*0581 

2330 

8*56 

3-5 7-94 

4*77 16*59 Q-87 

0*51 

69*32 

1*0821 

2380 

8*95 

3-^ 7-20 

6*09 16*79 1*38 

0*20 

68*34 

1*0955 

2355 

9*00 

4-5 2-76 

12*24 16*28 5*11 

0*01 

63*60 

1*2091 

2020 

8*62 


* C 4 H 10 = nil. 


• The Pressures devebped. —Comparison between the observed and 
the calculated pressures is made in Pig. 1. Both experiment and 
calculation show the maximum pressure to be given in each instance 
by a mixture containing an excess of hydrocarbon over that required 
for complete combustion. The amounts of these “ displacements ” 
are recorded in Table VI, together with the observed and calculated 
maximum pressures and the amounts of “ lost pressure ” expressed 
as % of the calculated values. 
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Fig. 1. 




O Z 4 6 8 10 12 14 

Combusfibte gas in air: FbrcenT. 


Table V. 

Mixtures of Pentane and Air. 


Theoretical mixture for complete combustion : 2*55% C 6 H ia - 
Approximate limits of inflammability : 1*35—4*5% C 5 H la * 



Time for ignition 

Time for ignition 

Maximum press. 

Pentane, 

to first appearance 

to maximum press. 

above atmospheric 

%. 

of press, (sec.). 

(sec.). 

(atm.). 

1*95 

0*057 

0*110 

6*65 

2*05 

0*056 

0*089 

7*54 

2*30 

0*045 

0*071 

7*80 

2*40 

0*044 

0*069 

8*10 

2*70 

0*038 

0*059 

8*74 

2*80 

0*024 

0*056 

8*93 

3*00 

0*030 

0*059 

8*87 

3*15 

0*033 

0*064 

8*77 

3*45 

0*037 

0*065 

8*09 

3*60 

0*063 

0*099 

7*91 

3*85 

0*076 

0*021 

7*58 

4*10 

0*113 

0*191 

6*97 


Calculated Maximum Temperatures and Pressures . 


Maxi- Press, 
mum rise, 
temp. atm. 
2155* 7*80 

2350 8*70 

2380 8*94 

2370 9*07 

2075 8*75 

* C 6 H ia sss nil. 

The close agreement in composition between the observedand 
calculated maximum-pressure mixtures leads tothe conclusion 


Products of combustion * at moment of 

maximum temperature, %. “ Mole- 

✓----s. cular 


%• 

CO a . 

CO. 

h 2 o. 

2*0 

8*82 

0*62 

12*88 

2-5 

9*06 

2*49 

15*08 

2*75 

8*52 

3*98 

15*77 

3*0 

7*45 

5*98 

16*45 

4*0 

2*04 

14*04 

16*64 


h 2 . 

0 2 . 

n 2 . 

ratio.” 

0*09 

4*56 

73*03 

1*0340 

0*39 

1*78 

71*20 

1*0645 

0*81 

0*92 

70*00 

1*0799 

1*21 

0-27 

68*64 

1*0985 

4*87 

Trace 

62*41 

1*1959 
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Table VI. 

Compositions of Mixtures giving Maximum Pressures . Lost 
Pressures , %. 

Theoretical Mixture giving 

mixture for maximum press., %. Maximum press. Lost 

complete *-* . * --*-*» press., 

combustion, %. Calc. Ofcs. Calc. Obs. %. 


Methane. 9-47 10*00 10*00 8*18 7*38 9*80 

Ethane . 5*64 6*20 6*30 8*63 7*91 8*35 

Propane. 4*02 4*60 4*60 8*87 8*09 8*80 

Butane . 3*12 3*70 3*65 9*00 8*50 5*55 

Pentane . 2*55 3*00 2*95 9*07 8*85 2*45 


the “ displacements ” are the effects of dissociation on the explosion- 
temperatures and “ molecular ratios/’ for which allowance was 
made in the calculations. 

The “ lost pressure ” may be due to loss of heat by conduction 
and radiation or to incomplete combustion. It was shown in a 
previous paper (toe. cit.) that, in mixtures of methane and air con¬ 
taining between 7*5 and 12*5% of methane, a loss of heat by 
conduction of 2 —3% can be presumed during the attainment of 
uniformity of temperature after inflammation. Such a loss may 
be assumed also with the other hydrocarbons. It is not easy to 
obtain a comparison of radiation losses during combustion of each 
hydrocarbon from the calculated compositions of the products. 
The intensities of radiation from steam and from carbon dioxide 
have been determined by Julius (“ Die Licht- und Warmestrahlung 
verbrannter Gase,” Berlin, 1890) and R. von Helmholtz (“ Die 
licht- und Warmestrahlung verbrennender Gase,” Berlin, 1890), 
hut the most trustworthy figures seem to be those recorded by 
Haslam, Lovell, and Hunneman ( Ind . Eng. Chem. t 1925, 17, 272), 
who estimated (by measuring the radiation from flames of methane 
and carbon monoxide, the theoretical amount of primary air being 
used with each) that the intensity of radiation from steam was 
about 1*7 times that from carbon dioxide. If these results be 
accepted, a comparison can be made of the relative “ radiating 
powers ” of the mixtures of carbon dioxide and steam in the products 
of combustion of the different hydrocarbons. Such a comparison 
is made in Table VII. The figures in columns 2 and 3 give the 
relative numbers of molecules of carbon dioxide and steam cal¬ 
culated to be present in the products of combustion of each 
maximum-pressure mixture at the moment of maximum pressure. 
These values wore obtained from Tables I—V by multiplying the 
respective volume percentages by the corresponding molecular ratio. 

The radiating power thus decreases from the methane to the 
pentane mixture, which is in accord with the decrease in “lost 
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Table VII. 

Relative Radiating Powers of Products of Combustion of Maximum- 

Pressure Mixtures. 

v Relative radiating 




co 2 , 

h 2 o, 

Ratio, 

power. 

Mixture. 

g.-mols. 

g.-mols. 

h 2 o/co 2 . 

(C0 2 % + 1*7 H a O %, 

ch 4 , 

10 * 0 % 

0-0691 

0-2058 

2-98 

41*8 

c 3 h 6 . 

6-2% 

0-0796 

0-1907 

2-40 

40*3 

C 3 H 8 , 

4-6% 

0-0806 

0-1863 

2-31 

39*7 


3-7% 

0-0789 

0-1S3S 

2-33 

39*1 

c,h 12 , 

3‘0% 

0-0S18 

0-1808 

2-21 

38-9 


pressure” (Table VI). It must be borne in mind., however, that 
the calculated maximum explosion-temperature rises from the 
methane to the pentane mixture, which would offset the decreasing 
H 2 0/C0 2 ratio because of the difference in the mean wave-lengths 
of the radiations. It is, on the whole, improbable that differences 
in radiation loss account entirely for the differences in “ lost 
pressure.” 

A more probable explanation lies in errors in the values for 
specific heats (Bjerrum, Z. Elektrochem ., 1911, 17, 731; 1912, 18, 
101) on which our calculations, as also Tizard and Pye’s, were based. 
Recent work by Womersley ( Proc. Boy. Soc ., 1921, A , 100, 483) 
suggests that Bjerrum’s values for steam at high temperatures were 
much too low. Womersley’s results extend only to 2000°, and for 
calculations of explosion-temperatures higher than this figure 
extrapolated values must be used. A few calculations are 
recorded in Table VIII, and if they are compared with those given 
in Table I, it will be seen that the composition of the mixture 
for which the calculated pressure is greatest (10% methane) is 
unchanged, but that the value for the pressure, 7-59 as compared 
with 8*17 atm., is considerably lower when Womersley’s figures are 
used. The calculated pressure is, in fact, very near that found 

Table VIII. 

Calculated Maximum Temperatures and Pressures on Explosion of 
Methane-Air Mixtures. 

(Based on Womersley’s values for the specific heat of steam.) 

CH^ in Products of combustion * at moment of 

original maximum temperature, %. “ Mole- Maxi- Press, 

mixture, -- v cular mum rise, 


%■ 

co 2 . 

CO. 

H 2 0. 

Ho. 

0 2 . 

n 2 . 

ratio.” 

temp. 

atm. 

9*8 

7-80 

1*71 

20-12 

058 

0-42 

69-37 

1*0112 

2160° 

7*54 

10*0 

7*52 

2*16 

20-35 

0*70 

0-30 

68-98 

1*0145 

2165 

7*59 

10*2 

7*25 

2-62 

20-56 

0-81 

0-13 

68-63 

1*0174 

2160 

7-57 




* 

CH 4 = 

s nil. 






experimentally (7-38 atm.). No doubt the true value for the mean 
specific heat of steam over the range 100—2000° lies between^ 

■ ■ •: 
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Bjerrum’s (842 cals, per g.-mol.) and Womersley’s (11-69). If so, 
calculations of maximum explosion-temperatures based on Bjerrum’s 
figures would be too high, and the amount of the error would 
increase with the amount of steam in the products of combustion. 
Values for the amounts of steam in the products of combustion of 
unit volume of the maximum-pressure mixture for each hydro¬ 
carbon at the moment of maximum pressure are given in Table VII, 
from which it appears that over-estimation of loss of pressure would 
be greatest with methane and least with pentane (see Table VI). 

There may also be error in the values (from Nemst, Z. anorg. 
Chem.y 1905, 45, 130; and Bjerrum, Z. physikal. Chem ., 1912, 79, 
513) used in estimating the amount of dissociation of carbon dioxide 
and steam. In this connexion, it is of value to compare the analyses 
of samples of the gases rapidly withdrawn from the explosion-vessel 
at the moment of maximum pressure with methane-air mixtures 
(J., 1918,113, 840) with the calculated compositions of the products 
of combustion of similar mixtures (Table IX). 

Table IX. 

Observed and Calculated Compositions of Products of Combustion , %. 

CH 4 m 


original 

mixture, 

CO 

2> 

CO, 

H 

2> 

0 

2’ 

ch 4 . 


calc. 



obs. 

calc. 


calc. 


%* 

obs. 

obs. 

calc. 

obs. 

obs.* 

7*90 

9*25 

7*21 

0*15 

0*49 

Nil 

0*11 

3*82 

3*72 

Nil 

9*40 

11*14 

7*20 

0*26 

1*96 

» 

0*50 

0*74 

1*31 

99 

9-90 

10*66 

6*84 

M2 

2*74 

0*40 

0*77 

0*13 

0*77 

0*24 

10*00 

10*86 

6*79 

1*08 

2*87 

0*68 

0-77 

0-04 

0*69 

0*04 

10*70 

9*04 

5*95 

3*63 

4*30 

2*21 

1*40 

Nil 

0*24 

0*10 

11*05 

9*00 

5*45 

3*44 

5*00 

1*95 

1*77 

0*07 

0*13 

0*23 

12-10 

8*09 

3*84 

5*85 

7*30 

4*00 

3-46 

0*01 

0*07 

12*90 

6*08 

2*51 

7*78 

9*02 

6*73 

5*80 

0*05 

Nil 

0*36 

13*90 

5*45 

0-84 

8*95 

★ 

11*50 

“Calc. 

9*45 

« nil.” 

9*50 

Nil 

>> 

1-00 


There is an indication from these results that the extent of the 
dissociation of carbon dioxide has been over-estimated in the cal¬ 
culations, for the experimental values for the amounts of this gas 
in the products of combustion at the moment of maximum pressure 
are consistently high. In part, the discrepancy might be due to 
recombination during cooling of the samples .(which was, however, 
very rapid), but this is not likely in view of the close agreement of 
the observed and calculated figures for hydrogen. Further, Fig. 1 
shows that the discrepancy between observed and calculated pres¬ 
sures is greatest for mixtures containing an excess of combustible 
gas, a result which can be attributed to over-estimation of the 
“ molecular ratios ” in the calculations. It would thus seem that 
the decrease in “ lost pressure 55 in passing from methane to pentane 
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(Table VI) may be more apparent than real. It is probable that 
the unexpectedly close agreement between calculated and observed 
engine efficiencies with heptane as fuel, recorded by Tizard and Pye, 
was also due to errors in the data on which the calculations were 
based.* 

The Rate of Development of Pressure .—With a given hydrocarbon, 
it is apparent that the main factor controlling the mean rate of 
pressure development on explosion of its mixtures with air is the 
mean temperature of explosion. This is clear from Fig, 2, in which 
the effect of variation in composition of the mixtures on the rate 
of development of pressure is shown graphically for each hydro- 


Fig. 2. 



carbon, together with the calculated explosion-temperatures. 
Table X has been compiled from Fig. 2, and makes comparison 
between the observed ee maximum-speed ” mixtures and the 
calculated “ maximum-temperature ” mixtures. The “ maximum- 
speed ” mixture for each gas is that in which the time from ignition 
to the attainment of maximum pressure is least. 

As a corollary to the observation that, under the conditions of 
these experiments, the mean rate of pressure development with a 
given paraffin is determined by the mean explosion-temperature, it 
follows that the “ displacement ” of the maximum-speed mixture 

* Fenning and Tizard have recently published a paper on the dissociation 
of carbon dioxide at high temperatures (Proc. Poy. Soc. 9 2927, A, 115, 328) 
which confirms our conclusion. (Added July 10th, 1927.) 
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Table X, 

Composition of Maximum-speed and Maximum-temperature 

Mixtures. 



Hydrocarbon 
in maximum- 

Hydrocarbon in 
maximum-temper- 

Mean 

Time (obs.) 
from ignition 


speed mixture 

ature mixture 

temp. 

to maximum- 


(obs.), %• 

(calc.), %. 

(calc.). 

pressure (sec.), 

Methane ... 

1CM) 

10-0 

2320° 

0*067 

Ethane ... 

6*05 

6-0 

2355 

0*051 

Propane ... 

4-45 

4-4 

2370 

0*055 

Butane ... 

3*50 

3-45 

2380 

0*055 

Pentane ... 

2*90 

2-8 

2380 

0*057 


is due to the same cause, dissociation, as displaces the calculated 
maximum-temperature mixture. 

In this connexion, it is of interest to compare the results recorded 
in Table X with Mason’s determinations (J., 1923,123, 210) regard¬ 
ing the mixture of each of the paraffins with air which gave the 
maximum speed of uniform movement of flame. Mason’s results 
are summarised in Table XI. There is general agreement between 
the compositions of the maximum-speed mixtures under the two 


Table XI. 

Uniform Movement in Paraffin-Air Mixtures . 
Maximum-speed Mixtures. (Mason.) 

Maximum-speed Speed of uniform movement 


Paraffin. mixture, %. (5-cm. diam. tube) (cm, per sec.). 

Methane. 9*65 91 

Ethane .. 6*05 127 

Propane .... 4*45 114 

Butane . 3*65 113 

Pentane . 2*90 115 


different conditions of experiment, and the order of speed of flame 
in the series of mixtures is the same. This is in accord with our 
recent observation (this vol., p. 297) that the generalisation known 
as “ the law of speeds,” first formulated with respect to the uniform 
movement of flame, applies also to the rate of spread of flame within 
a closed sphere. 

Experimen tal. 

The explosion-vessel and its fittings have been described in 
J., 1918, 113, 854. Ignition of the mixtures was at the centre of 
the vessel by a secondary discharge from a “ 10-inch ” induction- 
coil at a 1 cm. gap Between pointed copper electrodes, the current 
through the primary circuit being 10 amps, and the trembler of 
the coil being locked. 
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The pressure-gauge was calibrated by compressed air at intervals 
during the series of experiments against a standard Bourdon gauge. 
The mean of the calibrations, which checked well amongst them¬ 
selves, showed a deflexion of the manometer stylus of 1 cm. for a 
pressure increase of 7*85 atm. 

The hydrocarbons were obtained as follows : Methane, from a 
blower of fire-damp in S. Wales; ethane, (a) by the action of water 
on zinc ethyl, or (6) from a cylinder of the compressed gas obtained 
(from America) by the fractionation of natural gas; propane and 
butane, by the action of the zinc-copper couple on the corresponding 
alkyl iodide in alcoholic solution; pentane, from a petroleum dis¬ 
tillate, b. p. 35—40°. Each gas, after purification by washing with 
suitable solvents, was twice liquefied, the middle-boiling fraction 
only being retained. The ratios C/A ( C = contraction on explosion 
analysis; A = subsequent absorption by potassium hydroxide 
solution) were: Methane, 1-995; ethane, (a) 1-253, and (b) 1-245; 
propane, 1-003; butane, 0-878; pentane, 0-804. 

Each gas mixture was prepared in a 20-litre glass gas-holder over 
a dilute solution of potassium hydroxide and was analysed before 
use. Before an experiment, the explosion-vessel was exhausted of 
air to within a few mm. of mercury, filled with the mixture required, 
re-exhausted and filled again. 

Calculation of Explosion Temperatures and Pressures .—The 
explosive mixtures were assumed to be saturated with water vapour 
at 15° and the analyses (which take no account of water vapour) 
were adjusted accordingly. The analytical figures were then 
proportional to the numbers of molecules of each constituent present 
in unit volume, and to their partial pressures. 

In unit volume of the products of explosion, the numbers of 
molecules of the constituents can be expressed by a C0 2 + b CO 4- 
c H a O + & H 2 + e 0 2 + / N 2 . 

The ratio of the total number of molecules per unit volume at 
the moment of maximum temperature to the total number in unit 
volume of the original mixture (the “ molecular ratio,” M) is 
(a-{-b + c + d + e+f) 1 1. The partial pressure of, say, carbon 
dioxide at the moment of maximum temperature is aP e /M , whilst 
P e = MT e jTi> where P e is the explosion-pressure in atmospheres, 
and T e and T% are the explosion-temperature and the initial tem¬ 
perature in °K. For example, in a mixture of pentane and air 
containing in unit volume: C 5 H 12 , 0-0246; 0 2 , 0*2005; H 2 0, 
0-0170; Ng, 0-7579, there are only five unknowns, for the number 
of molecules of nitrogen, /, can be regarded as remaining 
constant. Five independent relationships are therefore required 
to determine them. By equating the carbon, oxygen, and hydro- 
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gen before and after explosion, the following relationships are 
obtained: 


a + b = 5 x 0*0246 = 0*1230 .(i) 

2a + 6 + c + 2e = 2x 0*2005 + 0*0170 = 0*418 * (ii) 
c + d = 6 x 0*0246 + 0*0170 = 0*1646 . (iii) 

The equilibrium constants, K t and Z 2 , can be obtained from 
Nemst’s data, thus: 




P 2 co X P< 


02. 


and 


P* oo. 

Pco'XPzz 0 


K% ~ Pco a X P, 


H* 


We Ttf 

a 2 * Ti ’ 

— ^ 
"“S3* 1 


whence 


K2 rp 

i_p _ JT 'Ll 


(iv) 

.(▼) 


Expressions (iv) and (y) involve the explosion-temperature, T e . 
A\value]for this is assumed and the equations are then solved. 
The simplest method of solution is to attribute different values to 
one of the unknowns, say e, until the relationship bcjad — K 2 is 
satisfied. 

From the solutions of the equations the rise in temperature 
can be calculated, since it represents the ratio between the thermal 
energy released on explosion of unit volume of the mixture and the 
thermal capacity of the products of explosion of unit volume. In 
the pentane-air mixture chosen as an example, the thermal energy 
released is that from 0*0246 g.-mol. of pentane less the calorific 
value of b g.-mol. of carbon monoxide and d g.-mol. of hydrogen. 
The thermal capacity of the products = amount of each constituent 
multiplied by its mean specific heat between 15° and the assumed 
explosion-temperature. 

If the explosion-temperature so calculated does not agree within 
5° of the predicted value, a fresh calculation is made with a new 
value forJJV Iu the example given, the value for T e finally chosen 
was 2618° K. and the calculated value then was 2623° K. The 
latter was accordingly taken as representing the maximum explosion- 
temperature.. The molecular ratio was found to be 1*0645, so that 
the explosion-pressure, P e , was (2623/288) x 1*0645 = 9*7 atm. 
The pressure rise above atmospheric was therefore 8*70 atm. 


The experiments described in this paper have been carried out 
for the Safety in M ines Research Board, to whom our thanks are 
due for permission to publish the results. 

Safety m Mines Research Laboratories, 

Skexbteld. [Received, May 11^, 1927.] 
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CCLXXV ,—The Reduction of Nitro-compounds hy 
Aromatic Ketols. Part /. Some p-Azoxy-com- 
pounds . 

By Hugh Bryan Nisbet. 

That benzoin and its analogues may reduce Fettling’s solution 
has been known for a long time, but the possibility of reducing 
nitro-groups by means of these agents has not hitherto been investi¬ 
gated., It has now been found that benzoin, anisoin, and furoin, in 
hot alcoholic solution in the presence of a trace of sodium methoxide 
or ethoxide, may be successfully used for the reduction of nitro-groups 
to azoxy-groups : 

2R-N0 2 +3R*CH(OH)-COR = R 2 N 2 0 + 3R-COCOR + 3H 2 0. 

The reduction is particularly successful in the case of ^-nitro¬ 
compounds such as the ^-nitrobenzylideneanilines, 'p-nitrobenzo- 
nitrile, the ^-nitrocinnamic esters, and the y>-nitrostilbenes, since 
the azoxy-compounds formed are, in general, sparingly soluble sub¬ 
stances and may be readily separated from the 1:2-diketone to 
which the ketol is oxidised in the course of the reaction. The 
reduction proceeds very quickly, in some cases with ebullition of 
the solvent, and in a very short time the ^-azoxy-compounds 
separate from solution. The 1:2-diketone may be recovered in 
each case from the mother-liquor. 

With benzoin as reducing agent, 60—70% yields of p-azoxybenzyl- 
ideneanilines can be obtained from the corresponding ^p-nitrobenzyl- 
ideneanilines. ff-Azoxybenzylideneaniline so obtained is identical 
with that obtained by reducing jp-nitrobenzylideneaniline with 
alkali sulphides ( Chem. Zentr ., 1900, ii, 612) or with alcoholic potash 
(Alway, Ber., 1902, 35, 2436), by treating ^p-nitrobenzyl chloride 
with caustic potash (Alway, loc . cit.), or by condensing ^p-azoxybenz- 
aldehyde with aniline (Alway, Amer . Chem . J ., 1902, 28, 43). 
^-Azoxybenzylidene-'p-toluidine prepared by this method is identical 
with the compound prepared by reducing <p-nitrobenzylidene-p- 
toluidine with alkali sulphides (Chem. Zentr., 1900, ii, 612) or by 
the condensation of 'p-azoxybenzaldehyde with jp-toluidine (Alway, 
Ben, 1902, 35, 2437). ^p-Nitrobenzylidene-p-aminoacetophenone 
is reduced by benzoin to ^-azoxybenzylidene-'p-aminoacetophenone. 

Japp and Miller (J., 1893,63,474) showed that benzoin and benzo- 
nitrile in the presence of concentrated sulphuric acid condense to 
form triphenyloxazole; but p-nitrobenzonitrile is reduced by benzoin 
to ^-azoxybenzonitrile. 

By this method of reduction the esters of jp-azoxycinnamio aoid 
can be prepared directly from the esters of jwutroci^^ 
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and the azoxy-acid can be obtained by hydrolysis. The yields 
of the reduction products are good, usually 70%, and the reaction 
proceeds very quickly, whereas the reduction of the nitro-acid 
electrolytically (Marie, Comp, rend., 1905, 140, 1248) or by sodium 
arsenite (Vorlander, Ber., 1906, 39, 806) and the formation of the 
esters of the azoxy-acid through the silver salt (Vorlander, loc. cii.) 
are all tedious methods. 

^-Nitrostilbenes also are easily reduced by this method to^p-azoxy- 
stilbenes, which may be obtained in excellent yield. The table 
gives the p-azoxystilbenes prepared by this method, the approximate 
yield, usually the average of two experiments, and the molecular 
weights of those compounds which are sufficiently soluble in 2 : 4- 
dinitrotoluene to allow pf the determination by the cryoscopic 
method in that solvent (Auwers, Z. physikal. Chem., 1899, 30, 310). 


Azoxy-compounds. 

p - Azoxy stilbene. 

jo-Azoxy-2-nitrostilbene . 

p- Azoxy-2 : 3'-dinitrostilbene.. 

p-Azoxy-2 : 6-dinitrostilbene .. 

p-Azoxy-2-nitro-^-methoxystilbene . 

p-Azoxy-2-nitro-3': 4'-methylenedioxystilbene ... 

p- Azoxy-2 : 6-dinitro-4'-methoxystilbene.. 

p-Azoxy-2-nitro-4'-dimethylaminostilbene . 


Yield. 

M, 

found. 

M, 

calc. 

70% 

396 

402 

70% 

487 

492 

45% 

— 

— 

Small 

— 

_ 

70% 

512 

552 

65% 

586 

580 

45% 

— 

— 

42% 

— 

— 


Anisoin and furoin were substituted for benzoin in the reduction 
of 2 ; 4-dinitrostilbene and gave approximately the same yield 
of the same azoxy-compound. The mother-liquors yielded anisil 
and furil, respectively. In all the reductions in which benzoin was 
used, benzil was recovered from the mother-liquors. 


Experimental. 

Preparation of Nitrostilbenes. —A modification of Bishop and 
Brady’s method (J., 1922, 121, 2367) was used. A solution of the 
polynitrotoluene and the aromatic aldehyde in molecular propor¬ 
tion and 1 c.c. of piperidine in a small quantity of benzene is boiled 
under reflux until the reaction is complete, the time varying from 

1 to 6 hours. The benzene is then allowed to evaporate and the 
crystalline mass is washed with benzene-light petroleum and recrys¬ 
tallised from glacial acetic acid. 2 : 4-Dinitro-4'-methoxystilbene, 
75% yield, m. p. 163° (compare Pfeiffer, Annalen, 1916, 411, 91). 

2 : 4 : S'-Trinitrostilbene, 50% yield, m. p. 182—183° (compare 
Pfeiffer, loc. cii.). 2:4:4' -Trinitrostilbene, from 2:4-dinitro- 
toluene (9 g.) and ^-nitrobenzaldehyde (7-5 g.). Yield, 12 g. Dark 
orange needles, m. p. 234r—235° (Found: C, 53*9; H, 3-0. 
Ci 4 H 9 0 6 N 3 requires C, 53*3; H, 2*9%). 2: i-Dinitro -%': 4 f - 
methylenedioxystilbene from 2 : 4-dinitrotoluene (9 g.) and piperonal 
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(7*5 g.). Yield, 12 g. Orange-red, squat crystals, m. p. 178—180° 
(Found : C, 56*9; H, 3*3. C 15 H 10 O 6 N 2 requires C, 57-3; H, 3-2%). 
2:4: Q-TrinitroA'-methoxystilbene , from 2:4: 6-trinitrotoluene 
(11 g.) and anisaldehyde (7 g.). Yield, 9-3 g. Brown needles, 
m. p. 167—168° (Found: C, 51*8; H, 3*3. C 15 H n 07 N 3 requires 
C, 52*2; H, 3*2%). 2 : ^DinitroA'-dimethylaminostilbene, from 
2 : 4-dinitrotoluene (9 g.) and ^-dimethylaminobenzaldehyde (7 g.). 
Yield, 11 g. Small, black, lustrous plates, m. p. 181° (Found : 
N, 12*8. C 16 H 15 0 4 N 3 requires N, 12*8%). The base forms a 
chlcroplatinate, yellowish-brown needles, m. p. 211° [Found: Pt, 
18*8. (C 16 H 15 0 4 N 3 ) 2 ,H 2 PtCl 6 requires Pt, 18*9%]. 

Preparation of Azoxy-compounds. General Method and Remarks . 
—The nitro-compound is dissolved in the smallest possible quantity 
of boiling alcohol, sufficient ketol for the reduction of somewhat less 
than the whole of the nitro-compound is added, and then a few 
drops of 6% alcoholic sodium methoxide or ethoxide. The solution 
goes dark, but soon begins to clear and a yellow or an orange 
precipitate settles out. After cooling a little, this is collected, 
dried, and recrystallised from xylene. The azoxy-compounds so 
obtained are, in general, yellow or bronze-yellow, and are very 
slightly soluble in the common solvents, slightly soluble in boiling 
xylene, and more soluble in boiling pyridine. If too much reducing 
agent be added, the reduction products are sometimes red, probably 
due to the formation of traces of azo-compounds. 

The constitutions of the ^-azoxystilbenes followfrom the analytical 
figures and the molecular-weight determinations, and from their 
analogy to the other compounds described in this paper. That it 
is the p-nitro-group which is reduced in stilbenes containing more 
than one nitro-group may be safely assumed, since it has been 
proved already that other alkaline reducing agents, e.g ., ammonium 
sulphide, attack the p-nitro-group first (Thiele and Escales, Ber. } 
1901, 34, 2846). The insolubility of the ^-azoxystilbenes which 
have been prepared so far by this method has rendered the examin¬ 
ation of further reduction products impossible. 

p ~Azoxybenzylidenean i iline > (C 6 H 5 *N.'CH*C g H 4 ) 2 N 2 0. ^-Nitrobenz- 
ylideneaniline (8 g.) and benzoin (8 g.) gave an” almost immediate 
separation of yellow flakes which, recrystallised from xylene, 
sintered at 185° and melted and decomposed at 226°. Yield, 5 g. 
(Found: C, 77*2; H, 5*2; N, 13*8. * Calc.: C, 77*2; H, 4*95; 
N, 13*8%). The compound was completely identified by treating 
it with 27% nitric acid; ^-azoxybenzaldehyde, m. p. 190°, and 
aniline were obtained (compare Alway, Amer, Chem. J., 1902, 28, 
43). The ^-azoxybenzaldehyde recondensed with aniline to give 
^-azoxybenzylideneaniline which, when mixed with the product 
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obtained by using benzoin as reducing agent, did not alter its melting 
point. 

p- Azoxybenzylidene-p4oluidine , (C 7 H 7 N!CH*C 6 H 4 ) 2 N 2 0. p-Nitro- 
benzylidene-p-toluidine (2*5 g.) and benzoin (2*1 g.) gave an imme¬ 
diate separation of yellow flakes, which were recrystallised from 
boiling xylene. M.p. 217° (decomp.; sintering at 189—190°). 
Yield, 1-7 g. (Pound : C, 77*9; H, 5*9; N, 12-5. Calc.: C, 77-7; 
H, 5*55; N, 12-9%). 

p-Azoxybenzylidene-p-aminoacetophenone, 

(ch 3 -co*c 6 h 4 -n:ch-c 6 h 4 ) 2 n 2 o. 

p-Nitrobenzylidene-p-aminoaeetophenone (2*7. g.) and benzoin 
(2-1 g.) gave an immediate separation of yellow flakes. Recrystal¬ 
lised from xylene, the substance sintered at 187° and melted and 
decomposed at 217°. Yield, 1*8 g. (Found : C, 73*4; H, 5-15; N, 
11*3; M , cryoscopic in 2 :4-dinitrotoluene, 486. C 30 H 2 4 O 3 N 4 
requires C, 73*8; H, 4*9; N, 11*6%; M , 488). 

p-Azoxybenzonitrile. —p-Nitrobenzonitrile was prepared by Sand- 
meyer’s method ( Ber ., 1885, 18, 1492), but was isolated, not by 
sublimation, but by extracting the cuprocyanide reaction mixture 
several times with much boiling water; it was deposited in flakes 
on cooling and recrystallised from alcohol (yield, 8*2 g. from 13*8 g. 
of p-nitroaniline). 

p-Nitrobenzonitrile (6 g.) and benzoin (8*5 g.) were dissolved in 
100 c.c. of alcohol, and a few drops of 6% alcoholic sodium ethoxide 
added. p-Azoxybenzonitrile soon began to separate and after 
cooling it was collected and recrystallised from boiling toluene 
(yield, 5 g.); m. p. 221° (Found: C, 67*9; H, 3*5; N, 22*5; >/, 
cryoscopic in 2 : 4-dinitrotoluene, 247. C 14 H 8 ON 4 requires C, 67*7; 
H, 3-2; N, 22*5%; if, 248). 

Eaten of p-azoxycinnamic acid . Ethyl p-nitroeinnamate (3 g.) 
and benzoin (3 g.) gave ethyl p-azoxycinnamate (2*1 g.), which 
crystallised from xylene in yellow, flocculent needles, m. p. 240°, 
sintering at 140° (Found : C, 67*1; H, 5*5; N, 7*1. Calc.: 0, 67*1; 
H, 5*5; N, 7-2%). 

Methyl p-nitrocinnamate (2 g.) and bepzoin (2 g.) gave 1*4 g. 
of methyl p-azoxycinnamate, which crystallised from xylene in 
yellow, flocculent needles, m, p. 246°, sintering at 220° (Found: 
C, 65'8; H, 4*8; N, 7*35. Calc.: C, 65*6; H,4*9; N, 7*6%). 

p-Azoxycinnamic acid was obtained, by hydrolysis of either of 
the esters, as a yellow, amorphous solid insoluble in the common 
organic solvents but soluble in alkali; it decomposed at a high 
temperature (Found: C, 64*2; H, 4*3; N, 7*8. Calc.: C, 63*9; 
H, 4*1; N, 8*2%). 

p-Azoxyetilbene, (G^CmCE-C e K^ 2 0. 4-Nitrostilbene (1*7 g.) 
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and benzoin (1*6 g.), treated according to the general method, gave 
a green solution which in a short time turned yellow and deposited 
a yellow, flocculent precipitate. This, after recrystallisation from 
xylene, sintered at 259° and melted and decomposed at 271—272° 
(Found: 0,83*2; H, 5*6; N, 6*9; If, 396. C 28 H 22 ON 2 requires 
C, 83*5; H, 5 5; N, 6*9% ; if, 402). 

p - Azoxy - 2 - nitrostilbene. Reduction of 2:4- dinitrostilbene 
(Bishop and Brady, J., 1922,121, 2367) (2*6 g.) with benzoin (2*1 g.), 
anisoin (2*6 g.), or furoin (T9 g.) gave T8 g., 1*75 g., or 1*8 g., 
respectively, of the p-azo#y-compound, which crystallised from 
xylene in orange plates, m. p. 208—210° (Found : C, 68*2; H, 4*2; 
N, 11*4; if, 487. C 28 H 20 O 6 N 4 requires C, 68*3; H, 4*1; N, 11*3%; 
if, 492). Anisil, m. p. 133°, and furil, m. p. 162°, were obtained 
from their respective mother-liquors. 

p-Azoxy-2 : 3' -dinitrostilbene. 2:4: 3'-Trinitrostilbene (T6 g.) 
and benzoin (1*1 g.) gave 0*75 g. of the reduction compound, which 
crystallised from xylene in yellow flakes, m. p. 212° (Found: C, 58*1; 
H, 3*4; N, 14*4. C 28 H 18 0 9 N 6 requires C, 57*7; H, 3*1; N, 14*4%). 

p-Azoxy-2 : 4c'-dinitrostilbene. Only traces of this reduction com¬ 
pound could be isolated, since it was difficult to find a suitable 
solvent for the nitrostilbene. 

p-Azoxy-2 : 6- dinitrostilbene. 2:4: 6-Trimtrostilbene (Bishop 
and Brady, loc. cit.) (3*2 g.) and benzoin (2*1 g.) gave on standing 
over-night a small yield of a solid which, recrystallised from glacial 
acetic acid, had m. p. 270° (Found : N, 14*6. ^28^-18^ 9 U 6 requires 
N, 144%). 

■p-Azoxy-2-nitro-4:'-methoxystilbene.. 2 : 4-Dinitro-4'-methoxystil- 
bene (3-1 g.) and benzoin (2-1 g.) gave 2-2 g. of the azoxy-compound, 
which is only slightly soluble in boiling xylene and is an orango-red, 
microcrystalline powder, m. p. 208° (Found : C, 65 - 8, 64 - 75, 64-75 ; 
H, 4-7, 4-5, 4-6; N, 10-0; M, 512. C 30 H 24 O 7 N 4 requires C, 65-2; 
H, 4-3; N, 10-1%; .M, 552). 

p-Azoxy-2-nitroS': i’-methylenediozystilbene. 2 : 4-Dinitro-3': 4'- 
methylenedioxystilbene (2-8 g.) and benzoin (2-1 g.) gave 1-7 g. of 
the p-azoxy-compound which, recrystallised from xylene, formed 
a red, miorocrystalline solid, m. p. 230° (Found: C, 62-1; H, 4-0; 
N, 9-4; M, 586. C 30 H 20 O 9 N 4 requires 0,62-0; H, 3-5 ; N, 9-6%; 

M, 580). 

p-Azoxy-2 : 6- dinitro - 4' - methoxystilbene. 2:4:6- Trinitto - 4' - 
methoxystilbene (2-8 g.) and benzoin (2-1 g.) gave 1-25 g. of the 
p-azozy-compound, which forms bronze plates from xylene. It 
changes colour at 252° and melts with decomposition at 297® (Found : 
C, 55-6; H, 3-6 ; N, 13-2. C 30 H 22 O u N 6 requires C, 55-9; H, 34; 

N, 13-06%). ' 
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p -Azoxy-2-nitro - 4' - dimethylaminostilbene . 2 : 4 -Dinitro - 4' - di - 
methylaminostilbene (1*5 g.) and benzoin (1 g.) gave black, flaky 
crystals of the p-azoa;?/-compound which were washed with hot 
alcohol. The compound is so slightly soluble in boiling xylene 
that it cannot be recrystallised from that solvent. The substance 
without further purification remained unchanged at 305° (Found : 
N, 14*3. C 32 H 30 O 5 N 6 requires N, 14*5%). The compound is 
soluble in hot concentrated hydrochloric acid, but the hydrochloride 
is readily hydrolysed on addition of water. Two attempts to pre¬ 
pare a ehloroplatinate failed owing to the almost colloidal nature 
of the hydrochloric acid solution. 

The mother-liquors from each of the above reductions in which 
benzoin was used yielded benzil, m. p. 95°, on standing or when 
poured into water and the needles so obtained were recrystallised 
from alcohol. The compound was identified by its characteristic 
reaction with alcoholic potash and by its oxidation to benzoic acid, 
m. p. 122°, by means of alkaline permanganate. 

The investigation is being continued with a view to establishing 
the generality of this method of reducing nitro- to azoxy-groups 
and determining its value as a method of preparing azoxy-com- 
pounds. 

In concluding this part of the work, the author desires to thank 
Professor A. Archibald Boon for his kind interest and for providing 
the facilities which have rendered this research possible. 

Heriot-Watt College, Edinburgh. [Received* June 20 th* 1927 .] 


CCLXXVI .—A Synthesis of Pyrylium Salts of Antho * 
cyanidin Type. Part XIII. Some Monohydroxy - 
flavylium Salts . 

By Frank Motjatt Irvine and Robert Robinson. 

It was thought that a study of some of the simpler hydroxyflavylium 
salts might throw light on the effects produced by hydroxy-groups 
in different positions in the three nuclei, especially from the point 
of view of anhydro-base and pseudo-base formation. Solutions of 
3-hydroxyflavylium chloride have been obtained by demethylation 
of the methyl ether (Pratt and Robinson, J., 1923, 123, 748), but 
this salt showed such a strong tendency to pass into the pseudo¬ 
base that it could not be isolated in a pure condition. It dissolves 
in sulphuric acid to a solution that exhibits intense plum-coloured 
fluorescence. 8-Hydroxyflavylium chloride (I) is less readily 
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hydrolysed, but also yields a colourless pseudo-base, a quinonoid 
anhydro-base not being possible without the postulation of “ bridge- 
bonds.” This is merely one more example among many which 



(10 (H.) (III.) 


show that aromatic structures assume a bridge-phase with the 
greatest reluctance. In the cases of 2'- and 4'-hydroxyflavylium 
salts, anhydro-bases of the types (II) and (III) are possible. Actually 
the anhydro-bases derived from 2'-hydroxyflavylium chloride and 
2'-hydroxy-8-methoxyflavylium chloride are violet substances that 
could not be isolated owing to their marked tendency to pass into 
pseudo-bases by hydration. Thus the quinones are not formed by 
dehydration of pyranols, but are directly obtained from the 
kations of the pyrylium salts by removal of a proton under 
the influence of anions. The colour-base from 4'-hydroxy- 
flavylium chloride is apparently a quinhydrone having the 
composition C 15 H 10 O 2 ,C 15 H 12 O 3 ,2H 2 O; by analogy with the 
suggestions of Schneider and Meyer ( Ber 1921, 54, 1484) it may be 
named 4 '-hydroxyfiavanhydrone, The molecular weight of the 
anhydrous compound corresponded with this formula, and similar 
results were obtained in the study of 4' -hydroxyS-methoxyflav* 
anhydrone. 

Incidentally Q-methoxyA-phenacylidenejlavene (IV) has been 
examined and found to yield a hydroferrichloride (V) which is 
readily hydrolysed by water. 

FeCl 4 


(IV.) 


-OCXS' 

CH-COPh 


| /CK f h (V.) 
\/ 

CH,*COPli 


Moreover, the carbonyl group in (IV) is inactive, so that the resem¬ 
blance to the pyrones is complete, the system ~0~C£0~C~0 being 
extended to ~0~C~00~C-C-0. Probably the phenacylidene- 
flavenes are dipoles and anhydronium bases in the sense in which 
that expression was used by Armit and Kobinson (J,, 1925, 127, 
1607). In view of the remarkable rearrangement of the anhydro- 
base from 2 : 6-diphenyl-4-o-hydroxyphenylpyrylium chloride to 
phenacylideneflaven© (Dilthey and Floret, Annalen , 1924, 440, 95), 
alternative formula for the latter substance would appear to require 
consideration. However, Dilthey and Floret have excluded 
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possibilities based on the triphenylpyrylium skeleton on the ground 
that phenacylideneflavene gives a small quantity of flavone when 
oxidised by permanganate. 

Experimental. 

§-M ethoxy flavylium Chloride. —Under slightly modified con¬ 
ditions, the direct condensation of o-vanillin, acetophenone, and 
hydrogen chloride in acetic acid solution (Roberts and Robinson, 
J., 1924, 125, 209) gave a 70% yield of the flavylium salt, which 
crystallised from dilute hydrochloric acid in brown needles which 
blackened at 170° and melted at 190° (decomp.) (Found in material 
dried in a vacuum : C, 66-2; H, 5*2. C 16 H 13 0 2 C1,H 2 0 requires 

C, 66*1; H, 5-1%). The iodide crystallises from dilute, colourless 
hydriodic acid in puce-coloured needles, m. p. 134°. All attempts 
to demethylate these salts were unsuccessful. 

Phenyl 2 - Hydroxy -5 - methoxystyryl Ketone.—2 - Hydroxy - 5 - 
methoxybenzaldehyde (5*1 g.; 1 mol.) and acetophenone (4 g.; 
1 mol.) in ethyl alcohol (30 c.c.) were mixed with a warm solution of 
potassium hydroxide (13 g.; 7 mols.) in water (13 c.c.) and left in 
a warm place over-night. The solution was poured into water 
(400 c.c.), kept for an hour until the waxy precipitate (A) had 
solidified, and then filtered. The filtrate and washings were acidified 
with 50% acetic acid and the chalkone was collected and dried 
(yield, 4*25 g. or 50%). It crystallised from benzene or from 50% 
alcohol in clusters of fine, golden-yellow needles, m. p. 104° (Found : 
C, 75*5; H, 54. C 16 H 14 0 3 requires C, 75-6; H, 5*5%). 

The residue (A) was thrice recrystallised from alcohol; it formed 
stellate clumps of short, white needles, m. p. 125° (Found ; C, 77*0; 
H, 6*0. requires G, 77*0; H, 5*9%). The yield (2*6 g.) 

of this 2-hydroxy*6«methoxybenzylidenediacetophenone was 40% of 
that theoretically possible. A larger percentage was formed when 
the temperature during the alkaline condensation was higher; but 
it was not found possible, by varying the molecular proportion of 
the alkali employed, to obtain a higher yield of the chalkone. 

6 -Methoxyflavylium Salts, —Phenyl 2-hydroxy-5-methoxystyryI 
ketone was converted into 6-methoxyflavylium chloride by means 
of hydrogen chloride in acetic acid solution. The reaction proceeded 
to completion in the cold, passing through the red ketone-hydro- 
chloride stage. The flavylium salt partly crystallised and was 
partly precipitated by the addition of ether. It was collected and 
dried to constant weight in a vacuum (Found: C, 62*3; H, 5*5. 
CieH 13 0 2 Cl,2H 2 0 requires C, 62*2; H, 5*5%). The salt crystallised 
from 5% hydrochloric acid in dark greenish-brown, shining needles, 
m. p. 97°. Its yellow solution in concentrated sulphuric acid 
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exhibited a weak green fluorescence, but the orange-yellow alcoholic 
solution was non-fluorescent. The ferrichloride crystallised from 
acetic acid in glistening, brown platelets with green nuance, m. p. 
203° (Found : C, 44*0; H, 3*2; Fe, 12-7. C 16 H 13 0 2 Cl 4 Fe requires C, 
44*1; H, 3*0; Fe, 12*9%). The iodide crystallised from alcohol 
in almost black, microscopic needles, m. p. 143°, whilst the periodide 
had m. p. 86—87°. The perchlorate crystallised from 60% methyl 
alcohol in short, dark brown needles, m. p. about 200° (decomp.). 

6-Hydroxyflavylium Salts. —The demethylation required rather 
careful control. A mixture of 6-methoxyflavylium chloride 
dihydrate (8*8 g.), phenol (40 g.), and hydriodic acid (d 1*74; 150 c.c.) 
was heated in a glycerol-bath at 110°, until the effluent stream of 
carbon dioxide no longer contained methyl iodide (45 minutes). 
The mixture was diluted with an equal volume of water and of 
ether, cooled in ice, and filtered; the black crystals (6*4 g.) had a 
green lustre. After the ethereal layer had been separated, the 
remainder (about 3*6 g.) of the iodide, mixed with periodide, could 
be recovered by evaporating the filtrate under reduced pressure in 
an atmosphere of hydrogen. The demethylated product (7 g.) was 
dissolved in the minimum volume of hot alcohol (700 c.c.) and con¬ 
centrated hydrochloric acid (200 c.c.), and freshly precipitated silver 
chloride (from 7 g. of silver nitrate) added. The mixture was 
gently boiled during 5 minutes while being stirred; it was then 
filtered hot, and the residue washed with hot ethyl-alcoholic hydro¬ 
chloric acid. The filtrate and washings were concentrated to a 
small volume and cooled, and the ft-hydroxyflavyliwn chloride was 
collected; it crystallised from alcohol or from 15% hydrochloric 
acid in orange needles. The chloride was very readily hydrolysed 
by water, and the pseudo-base was also formed when sodium acetate 
was added. The ferrichloride crystallised from glacial acetic acid 
in short, reddish-brown needles, m. p. 198° (Found: 0, 43*1; 
H, 2*7; Fe, 13*2. C l5 H n 0 2 Cl 4 Fe requires C, 42*8; H, 2*6; Fe, 
13’3%). The chloroaurate formed golden-brown needles which on 
heating turned grey at 180° but did not melt. 6-Hydroxyflavylium 
salts give, in concentrated sulphuric acid, orange solutions with a 
green fluorescence. 

4 -Hydroxyflavylium Salts. —^-Methoxyacetophcnono was con¬ 
densed with salicylaldehyde to form p-methoxyphenyl o-hydroxy- 
styryl ketone as described by Kostanecki and Zwayer ( Ber ., 1908, 
41,1337) and the yield of the pure, recrystallised product was 81%. 
The chalkone (13*8 g.) was dissolved in a mixture of glacial acetic 
acid (50 c.c.) and concentrated hydrochloric acid (25 c.c,) by 
saturating this with hydrogen chloride, and the solution after an hour 
was gently warmed for 15 minutes and poured into water. An 
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excess of potassium iodide was added to the filtered solution of the 
flavylium chloride and an orange precipitate of the anhydrous 
4' -methoxyfiavylium iodide was formed (yield, 89%). This salt 
(17-2 g.) was gently refluxed for j hour with hydriodic acid (300 
c.c.; d 1*74) and phenol (70 g.) in an atmosphere of carbon dioxide. 
On cooling, crystals (9*4 g.) separated which were pure enough for 
the next operation; for analysis, they were recrystallised from 
methyl alcohol, being thus obtained in dark purple prisms (Pound : 
C, 29*8; H, 2*0; I, 62*7. G 15 H u 0 2 I 3 requires C, 29*8; H, 1*8; 

l, 63*1%). 4:'-Hydroxyflavylium periodide melts at 208—209° and 

decomposes suddenly at 285°; when pressed on glass, it has a bpetle- 
green lustre. Freshly precipitated silver chloride (from 2*85 g. of 
silver nitrate) was added to a solution of the periodide (2 g.), in a 
hot mixture of methyl alcohol (125 c.c.) and 7*5% hydrochloric 
acid (100 c.c.), and the whole was boiled for 15 minutes and filtered. 
The filtrate and washings were concentrated and, on cooling, red 
needles separated (yield, 80%). This product was crystallised 
several times from dilute hydrochloric acid in order to remove 
traces of inorganic impurities which were tenaciously held. The 
clusters of fine, orange-red needles, after drying over sulphuric acid 
and potassium hydroxide, darkened at 135° and melted at 142° 
(decomp.) (Found: C, 61*2, 61*0; H, 5*1, 5*3. C 15 H 11 0 2 C1,2H 2 0 

requires C, 61*1; H, 5-1 %)• This salt dissolves in water or alcohol 
to an orange solution which becomes yellow on the addition of a 
drop of dilute hydrochloric acid or red with weakly alkaline reagents. 
The orange solution in concentrated sulphuric acid exhibits a green 
fluorescence. The chloroaurate crystallises in golden-orange needles, 

m. p. 177°. 

4t f -Hydroxyflavarihydrone. —A solution of 4'-hydroxyflavylium 
chloride in water was covered with benzene, and excess of sodium 
acetate added; on shaking, a portion of the violet-red substance 
was dissolved by the benzene, which was separated, dried with 
potassium carbonate, and filtered.* The dark violet solid which 
remained on removal of the solvent could not be crystallised (Found : 
0,720; H, 5*7; loss on heating at 110°/15 mm., 7*4. 
requires C, 72*3; H, 5*2; H 2 0, 7*2%. Found in dried material : 
C, 77-6; H, 4*9; M, by micro-Rast, 472. C 30 H 22 O 5 requires C, 
77*9; H, 4*8%;. M, 462). On further heating, the deep rod sub¬ 
stance gradually sintered and was completely molten at 200°. The 
red solution in pyridine became colourless in a few seconds, probably 
as the result of the formation of the benzopyran ether (compare 
Dilthey, J. pr. Chem 1917, 95, 113, 117). This flayanhydrone 
showed no tendency to combine with methyl iodide. 

4:'-HydroxyS-methoxyflavylium Salts .—The method of Nencki and 
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Stoeber ( Ber ., 1897, 30, 1769) for the preparation of ^-hydroxy- 
acetophenone only gives a 10% yield and the product is difficult 
to purify. The following modification is much more satisfactory : 
Powdered anhydrous ferric chloride (81 g.) was added to a solution 
of phenol (63 g.) in carbon disulphide (48 c.c.), and acetyl chloride 
(95 c.c.) was then introduced drop by drop with shaking. When the 
addition was complete, the mixture was shaken during 5 minutes 
and the carbon disulphide and acetyl chloride were then carefully 
removed by distillation. The residue was decomposed by water 
and rendered alkaline with sodium hydroxide, the solution decanted 
from the ferric hydroxide, which was washed by decantation, and 
the crude ^-hydroxyacetophenone precipitated by acidification. 
After crystallisation from water, 30 g. (yield, 33%), m. p. 110°, were 
obtained, p -Acetoxyacetophenone, m. p. 54°, crystallises from 
alcohol and was obtained in 80% yield on agitating an aqueous 
solution of sodium jp-acetylphenoxide (1 mol.) with acetic anhydride 
(1 mol.). 

A stream of hydrogen chloride was passed through a solution of 
o -vanillin (1*1 g.) and ^-hydroxyacetophenone (1 g.) in formic acid 
(10 c.c.) for 1 hour, and the mixture kept until next day. The 
orange solid precipitated on the addition of ether crystallised from 
10% hydrochloric acid (60 c.c.) in brick-red needles (1*6 g.) (Found 
in material dried in a vacuum : C, 62*3; H, 4*8. C 16 H 13 0 5 C1,H 2 0 
requires C, 62*6; H, 4*9%). This salt darkens at 170° and melts at 
190° (decomp.); it dissolves in water to a yellow solution exhibiting 
a weak green fluorescence. The ferrichloride crystallised from 
acetic acid in reddish-brown needles, m. p. 217°, and the jwtiodide 
crystallised in chocolate-coloured needles, m. p. 170—173° (do- 
comp.), after darkening at 140°. The ruby benzene solution of the 
anhydro-base, prepared in the usual manner, was dried with potass¬ 
ium carbonate and, on removal of the solvent from the filtered 
solution, a deep purplish-red solid residue was obtained, which was 
dried in a vacuum (Found : C, 73*7; H, 5*4. C 32 H 36 0 7 requires 
C, 73*6; H, 5'0%). The molecular weight could not be determined 
by East’s method and no solvent was found to be suitable for 
recrystallisation; in several solvents, for example, acetone and 
nitrobenzene, it gave bottle-green solutions. On heating, this 
4' -hydroxy-%-methoxyflavanhydrone gradually sintered and decom¬ 
posed at 206°. 

2'-Hydroxyflavylium Ferrichloride .—The condensation of salicyl- 
aldehyde with o-hydroxyacetophenone (Fries and Pfaffendorf, 
Ber., 1910, 43, 215), under conditions similar to those mentioned 
below, gave a bright scarlet, very sparingly soluble solid, which is 
not a flavylium salt and is apparently of complex constitiitiort.:; 
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The hydroxyl group in the ketonic component was therefore pro¬ 
tected by acetylation (compare Friedlander and Neudorfer, Ber., 
1897, 30, 1080; Lesser and Gad, Ber., 1926, 59, 233). A solution 
of o-acetoxyacetophenone (0*9 g.) and salicylaldehyde (0*6 g.) in 
formic acid (6 c.c.) was saturated with hydrogen chloride during 
3 hours, and next day the red solid, which was precipitated on the 
addition of ether, was collected and extracted with 17% hydro¬ 
chloric acid (60 c.c.), leaving a considerable residue. A ferri- 
chloride prepared from the filtered solution crystallised from acetic 
acid in tufts of brown needles, m. p. 125° (Found : C, 42*6; H, 2-7; 
Fe, 13-3. C 15 H n 0 2 Cl 4 Fe requires C, 42-8; H, 2*6; Fe, 13*3%), 
The orange solution in sulphuric acid exhibits a weak green fluores¬ 
cence. The solution of the ferrichloride in dilute hydrochloric acid 
gave, with a large excess of sodium carbonate solution, quickly 
added, a transient purple colour. The colourless filtrate from the 
ferric hydroxide apparently contained pseudo-base in solution, 
for on acidification it turned bright yellow, ai)d then, on addition 
of a large excess of sodium carbonate, the purple colour flashed 
out, but the solution became almost instantaneously colourless. 
The purple colour was formed only if the sodium carbonate was 
added quickly and in large excess. 

2'-Hydroxy-8-methoxyflavylium Salts .—Several attempts to pre¬ 
pare 2 , -hydroxy-8-methoxyfiavylium chloride by condensing 
o -vanillin (1 mol.) and o-acetoxyacetophenone (1 mol.) in anhydrous 
formic acid with hydrogen chloride failed during the recrystallisation 
from hot dilute hydrochloric acid (in order to remove the acetyl 
group in the 2'-position), probably because some complex sub¬ 
stance, not a pyrylium salt, was formed in this case also. The 
use of unacetylated o-hydroxyacetophenone led to better results 
in this instance. A solution of o-hydroxyacetophenone (14 g.) and 
o-vanillin (1-5 g.) in formic acid (6 c.c.) was saturated with hydrogen 
chloride for 1*6 hours and on the following day ether precipitated 
a reddish-brown solid, which crystallised from methyl alcohol in 
long, red needles; these darkened above 100° and had m. p. 188° 
(decomp,) (Found: C, 66*3; H, 4*7. C 16 H 13 0 5 C1 requires C, 
66*6; H, 4*5%). This salt dissolved in sulphuric acid to an orange 
solution exhibiting a weak green fluorescence. When water was 
added to the solid chloride or to its solution in alcohol, the pseudo¬ 
base was obtained; this dissolved with difficulty in dilute hydro¬ 
chloric acid. Sodium acetate, added in excess to an acid solution of 
this salt, produced the violet colour-base, which could be extracted 
by benzene; the colour of the violet solution, however, soon faded, 
~ Again, when the colour-base was quickly separated, the filtrate was 
always found to contain pseudo-base. This remarkable ease of 
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hydration of the anhydro-base derived from a flavenol has not 
previously been observed in the absence of a substituent in position 3. 

6 -Methoxyphenacylidenefiavene (V).—Following the details given 
by Feuerstein and Kostanecki ( Ber 1898, 31, 710) in the case of 
the parent substance, 2-hydroxy-5-methoxybenzylidenediaceto- 
phenone (7*5 g.) was converted into acetophenone (1*1 g.), phenyl 
$-2-hydroxy-5-methoxyphenylethyl ketone (2*3 g.), and §-methoxy- 
phenacylideneflavene (3*8 g,). The last compound crystallised from 
alcohol or benzene in yellow, feathery clusters of fine needles, 
m. p. 146° (Found: C, 80*7, 80*8; H, 5*0, 5*0; MeO, 8*8. 
C^H^gOg requires C, 81*4; H, 5*1; MeO, 8*8%). In the micro- 
Zeisel determination, the mixture required to be heated almost 
twice as long as usual, ihe solution in cold sulphuric acid was 
yellowish-orange and non-fluorescent, and on warming a transitory 
purple colour appeared, succeeded by a ruby one. 

Pure 6-methoxyphenacylideneflavene (1*8 g.) was suspended in 
acetic acid (10 c.c.), and a stream of dry hydrogen chloride passed 
during 3 minutes; on shaking, all the solid dissolved to a red 
solution. The addition of a solution of anhydrous ferric chloride 
(0*8 g.) in glacial acetic acid (5 c.c.) produced an immediate red 
precipitate, which soon became brownish-orange and crystalline. 
After keeping for an hour, the flask being stoppered, the solid was 
collected and dried over sulphuric acid and potassium hydroxide 
(yield, 2*54 g. or 92%) (Found : C, 52*0; H, 3*5; Fe, 10*0; MeO, 
5-8. C 24 H 19 0 3 Cl 4 Fe requires C, 52*1; H, 3*4; Fe, 10*1; MeO, 
5*6%). 

6-jkf ethoxy^phenacylfiavylium ferrichloride forms microscopic, 
elongated prisms which melt, with blackening, at 170° (on slow 
heating). It is sparingly soluble in water to an orange solution 
which slowly deposits 6-methoxyphenacylideneflavene; this 
hydrolysis is, however, very rapid in presence of alcohol. The 
ferrichloride gives an orange, non-fluorescent solution in sulphuric 
acid. 

6-Methoxyphenacylideneflavene (1 mol.) did not react when 
refluxed in benzene solution for £■ hour with magnesium phenyl 
bromide (1 mol. prepared in ether). 

Th e phenyl $-2-hydroxy~5*methoxyphenylethyl ketone was a brown 
syrup with a strong green reflex. Although its hydroxyl group 
could not be acetylated or benzoylated, its carbonyl group was 
reactive, and the semicarbazone and p- nitrophenylhydrazone were 
readily prepared. The former crystallised from alcohol in white, 
elongated prisms, m. p. 184° (Found : C, 65*1; H, 6*5; N, 13*5. 
C 17 Hi 9 0 3 N 3 requires 0, 65*2; H, 6*1; N, 13*4%), and the latter 
separated from alcohol in microscopic, orange needles, m. p. 103—- 
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165°. The ketone itself could not be crystallised. The same 
hydrochalkone was obtained, also as a syrup, and identified as the 
semicarbazone, m. p. 184° (alone or mixed), by the catalytic 
reduction of phenyl 2-hydroxy-o-methoxystyryl ketone with a 
palladium catalyst. 

The University, Manchester. [Received, June 28th, 1927.] 


CCLXXVII .—Experiments on the Synthesis of Brazilin 
and Hcematoxylin and their Derivatives. Part II. 
A Synthesis of Deoxytrimethylbrazilone and of 
iso Brazilein Ferrichloride Trimethyl Ether . 

By William Henry Perkin, jun., Jnanendra Nath RIy, and 
Robert Robinson. 


In Part I of this investigation (J., 1926, 941) it was explained that 
our object in attempting the preparation of 3-homoveratryl- 
7-methoxychromanone (I) was to examine its behaviour towards 
dehydrating agents, which should convert it into the indene 
derivative (II), a near relative of O-trimethylbrazilin. 


(I.) 

MeC>l 


/\ /\ 

O 9 H ( 

I CO 


jOMe 

lOMe 



Considerable progress in this direction has since been made and we 
had hoped to be able to defer publication until our experiments on 
the final stages of the synthesis of trimethylbrazilin were com¬ 
pleted; an interim report has, however, become necessary as the 
result of a communication received on June 7th from Professor 
P. Pfeiffer and we therefore submit at once an account of the stage 
already reached in our work. Professor Pfeiffer's letter mentions 
results similar in many respects to those which we have obtained 
and in view of this duplication of research we wish to direct attention 
to the clear statement of our position which we thought it wise to 
make at the time of publication of Part I of this series (loc. cit., 
p. 942) and which it is unnecessary to repeat. The reduction of 
veratrylidene-7-methoxychromanone by means of hydrogen in 
presence of palladium yielded (loc. cit., p. 946) 3-homoveratryl- 
7-methoxychroman, m. p. 96°, instead of the expected ketone (I), 
which, however, Pfeiffer and Emmer (Ber., 1920, 53, 945) claimed 
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to have obtained when they employed platinum as the catalyst. 
The ketone was stated to melt at 89° and in Part I we expressed 
some doubt in regard to the accuracy of the interpretation of their 
results. Since, however, we had not repeated these experiments, 
our remarks were guarded and summarised in the statement (p. 947): 
“ We do not go so far as to assert that the products of hydrogenation 
of veratrylidenemethoxychromanone in presence of platinum and 
of palladium are identical, although we think it probable that this 
will prove to be the case.” The suggestion so expressed was, 
however, not correct, as the experiments mentioned below indicate, 
and Professor Pfeiffer informs us that he has re-examined his 
substance and proved that it is a ketone by the preparation of its 
oxime. Although we were unable to accomplish satisfactorily the 
reduction of veratrylidenemethoxychromanone to a related saturated 
ketone, the formation of the saturated ketone (IV) from 3 :4-di- 
hydroxybenzylidene-7-methoxychromanone (III) proceeds smoothly 
under these conditions. 

This substance (III) was obtained by the condensation of proto- 
catechualdehyde with 7-methoxyehromanone (a new and improved 
method for the preparation of which is described on p. 2097) in acetic 
acid solution by means of hydrogen chloride. On methylation in 
the usual manner, (IV) yields the ketone (I), which has m. p. 92°, 
and the whole of the substance which we have used in this investig¬ 
ation was prepared in this way. Subsequently the same compound 
was isolated in poor yield from the products of the partial hydrogen¬ 
ation of veratryhdenemethoxychromanone in presence of palladium. 
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On treatment with phosphoric anhydride in boiling benzene the 
dehydration of (I) to (II) was effected, and the first indication of its 
structure and of the fact that it contains the brazilin skeleton was 
provided by the oxidation of the crude substance to iaobrazilem 
ferrichloride trimethyl ether (V) (Engels, Perkin, and Robinson, J., 
1908, 93, 1121; Crabtree and Robinson, J., 1918, 113, 859), a 
process effected by means of ferric chloride in acetic acid solution. 
The salt, was identified by comparison with an authentic specimen 
prepared from brazilein. Later, the compound (II) was obtained 
from (I) in a pure condition by the dehydrating action of phosphoric 
anhydride and identified by direct comparison with depxytrimefiiyl* 
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brazilone, C 19 H 18 0 4 , a substance obtained by the reduction of 
trimethylbrazilone, C 19 H 18 0 6 , with phenylhydrazine (Gilbody and 
Perkin, J., 1902, 81, 1046), Deoxytrimethylbrazilone, prepared 
from brazilin, was also found to yield the tsobrazilein derivative in 
the manner described above. Professor Pfeiffer’s letter directs 
attention to the possibility that his dehydration product of the 
ketone (I) may be deoxytrimethylbrazilone and that the pyrylium 
salt which it yields on oxidation with ferric chloride may be iso - 
brazilein ferrichloride trimethyl ether. The synthetical proof that 
deoxytrimethylbrazilone has the constitution (II) and contains the 
brazilin skeleton necessitates a view pf the nature of trimethyl¬ 
brazilone differing somewhat from that expressed in the formula 
(VI) (Perkin and Robinson, J., 1908, 93, 948). It was then sug¬ 
gested that the oxidation of trimethylbrazilin with chromic acid 
leads to the disruption of the bond common to the chroman and 
hydrindene nuclei and to the production of a diketone (VII) which 
passes into (VI) by an intramolecular aldol condensation. In 
harmony with the conclusions drawn by Professor J. F. Thorpe and 
his collaborators from extensive researches on ring-chain and intra- 
annular tautomerism (VI) and (VII) might be regarded as tauto- 
merides. 


0 CO 



Bearing in mind the phenomena encountered by Willstatter in 
his study of the o-quinones and by Schonberg among the benzils 
(compare Annual Reports, 1922, 109), we might also postulate the 
peroxidic phase (VIII), the complete tautomeric system being 
(VI) (VII) (VIII), The phase (VI) must be, at least, an 
intermediate in the formation of the p-naphthol derivative, a-anhy- 
drotrimethylbrazilone, under the influence of aqueous alkalis, whilst 
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VEtt) offers an explanation of the remarkable behaviour with 
phenylhydrazine. Nevertheless, (VI) and (VIII) can only be 
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related through (VII) and the last seems to be the most satisfactory 
single expression of the whole character of trimethylbrazilone which 
it is possible to select. In this phase, some coherence of the carbonyl 
groups may be manifested as the result of the dipolar character of 
these groups. 

Further evidence bearing on this aspect of the chemistry of 
brazilin will, it is hoped, be discussed in a future communication and 
it is proposed to extend the synthetical work indicated above to the 
analogous haematoxylin derivatives. Naturally we are also engaged 
in attempts to convert deoxytrimethylbrazilone into trimethyl- 
brazilin. 

Experimental. 

7 -Methoxychromanone. —The following method of preparation of 
this substance is much more convenient than any of those hitherto 
described. A solution of p-ra-methoxyphenoxypropionic acid 
(14 g.) in 80% sulphuric acid (100 c.c.) was heated to 60° during an 
hour, then at 60—80° for an hour, and finally at 80—90° for a third 
hour. The ketone was isolated by means of ether in the usual 
manner from the diluted mixture and freed from acids. The crude 
product crystallised when dry and weighed 7—8 g. (yield, about 
60%). Several new substances which have been prepared in the 
course of our work may be mentioned here. Ethyl p-m -meihoxy* 
phenoxypropionate , Me0*C 6 H 4 *0*CH 2 *CH 2 *C0 2 Et, obtained by 

esterification of the acid with boiling ethyl-alcoholic sulphuric acid, 
crystallises from aqueous alcohol in plates, m. p. 45° (Found : 
C, 63*8; H, 7*3. C 12 H 16 0 4 requires C, 64*3; H, 7*1%). This ester 
could not be condensed with veratraldehyde. Veratrylidene- 
7 -methoxychromanone dibromide, prepared in cold carbon tetra¬ 
chloride solution, has m. p. 137—138° (Found : C, 46*2; H, 3*6. 
C 19 H 18 0 6 Br 2 requires C, 46*8; H, 3*7%) and yields veratrylideno* 
methoxychromanone on treatment with zinc dust and acetic acid. 

Veratrylidenemethoxychromanone yields an oxamino-oxime when 
treated with hydroxylamine hydrochloride (3 mols.) and sodium 
acetate in boiling alcoholic solution. The colourless substance 
crystallises from alcohol in prismatic needles (Found: G, 61*0; 
H, 5*8; N, 7*0. C 19 H 22 0 6 N 2 requires C, 61*0; H,5*9; N, 7*6%). 

3-(3': 4:'’Dihydroxybenzylidene)-!-methoxyclirobrnnom (III).— 

An ice-cold solution of 7-methoxychromanone (6 g.) and proto- 
catechualdehyde (5 g.) in acetic acid (30 c.c.) was saturated with 
hydrogen chloride and set aside. Next day, the garnet crystals 
which had separated were collected and decomposed by trituration 
with water at 0°, The substance crystallised from aqueous alcohol 
(charcoal) in brownish-yellow, microscopic needles, m, p. 213® 
(Found : C, 68*5; H, 4*8. C 17 H u 0 5 requires O, 884; 
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The alcoholic solution develops a green coloration on the addition 
of ferric chloride. Aqueous alkaline solutions are deep crimson 
to blood-red according to the concentration. Methylation by means 
of methyl sulphate and sodium hydroxide yields veratrylidene- 
methoxychromanone, m. p. 141°. 

3-(3': 4'-Dihydroxybenzyl)-!-inethoxychromanone (IV).—A solution 
of dikydroxybenzylidenemethoxychromanone (3/5 g.) in alcohol 
(100 c.c.) to which palladous chloride (15 c.c, of 0*5% aqueous 
solution) had been added was stirred with hydrogen; 60 c.c. of the 
gas were absorbed at 15° in 28 minutes. The nearly colourless liquid 
was filtered and concentrated; the reduction product, then precipi¬ 
tated on dilution with water, crystallised from aqueous alcohol 
(about 20%) in rectangular plates, m. p. 138° (Found: C, 68*0; 
H, 5*7. requires C, 68*0; H, 5*3%). Ferric chloride 

added to an alcoholic solution of this substance produces a green 
coloration changing to crimson on keeping. The cherry-red solution 
in sulphuric acid soon acquires a yellowish-green fluorescence and 
on addition of water a fluorescent orange solution is obtained. The 
action of hydrogen chloride on this ketone in glacial acetic acid 
solution yielded, together with other products, a crystalline substance , 
m. p. 139° (mixed, 118—124°), the investigation of which is not yet 
complete. 

o-H(moveratrijl-l-methoxychromanone (I).—(A) The dihydric 
phenol described in the last section was methylated in methyl- 
alcoholic solution by means of methyl sulphate and potassium 
hydroxide in the usual manner; the product crystallised from 
aqueous alcohol and then from aqueous acetone in glistening, 
rectangular plates, m. p. 92° (Found : C, 70*1; E, 6-3. Calc, for 
C 10 H 20 O 6 : C, 69*6; H, 6*1%). The substance is insoluble in 
aqueous alkalis and gives no coloration with ferric chloride in 
alcoholic solution. 

(B) When veratrylidenemethoxychromanone was reduced in 
acetic acid solution by means of the calculated volume of hydrogen 
in presence of palladium the greater part of the unsaturated ketone 
was recovered unchanged, whilst an unlimited reduction gave 
homoveratrylmethoxychroman, m. p, 96°, as previously described 
( lot. tit.). Under the following conditions, however, the dihydro¬ 
derivative could be isolated, although in poor yield. A solution of 
veratrylidenemethoxychromanone (1*4 g.) in pure acetic acid 
(100 c.c.) to which palladous chloride (20 c.c. of 0*5% solution) 
tad been added was agitated with hydrogen at 18°; 50 c.c, were 
absorbed in 12 minutes, and a further 50 c.c. in 50 minutes, after 
which absorption of a third equal volume occurred at 40—45°. 
The filtered solution was concentrated under diminished pressure 
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to 35 c.c., and water (10 c.c.) added, causing the precipitation of 
unchanged material, which was crystallised from alcohol (0*7 g. f 
m. p. 141°). The acetic acid and alcoholic filtrates were diluted with 
water and the precipitated material was fractionally crystallised 
from aqueous alcohol and aqueous acetone. About 0*1 g. of a 
substance crystallising in glistening, rectangular plates, m. p. 92°, 
was isolated. The m. p. of a mixture with the ketone prepared as 
described under (A) was 92°, whilst a mixture with homoveratryl- 
methoxychroman, m. p. 96°, melted at 71—86°. A minute amount 
of the chroman derivative, m. p. 96°, was isolated from the mother- 
liquors. 

Deoxytrimethylbrazilone (II).—There are indications that 3-honio- 
veratrylmethoxychromanone may be dehydrated by means- of a 
variety of condensing agents, e.g zinc chloride, stannic chloride, 
phosphoryl chloride, etc., in that the products are partly oxidised 
in acid solution to toobrazilein salts, the fluorescence of which is so 
characteristic. Phosphoric anhydride (30 g.) was added to a 
solution of the ketone (3*5 g.) in benzene (150 c.c.), and the solution 
gently boiled for 10 minutes. The dark mass was decomposed by 
the addition of ice, the mixture was heated and agitated, the benzene 
layer, separated from the strongly fluorescent aqueous solution, was 
washed with water and aqueous sodium hydroxide, dried with 
potassium carbonate (charcoal), and filtered, and the solvent was 
removed in a vacuum. The residue (R) was dissolved in alcohol, and 
the solution concentrated; the substance which separated on keeping 
crystallised from alcohol as a satiny mass of colourless sheaves of 
needles, m. e p. 166—171°. This substance was found by direct 
comparison to be identical with deoxytrimethylbrazilone prepared 
by the method of Gilbody and Perkin (toe. cit). This and also a 
mixture of the two specimens had m. p. 166—171°. The colour 
reactions and solubilities described by Gilbody and Perkin were 
identical in the cases of the synthetical specimen and that derived 
from brazilin. Some more details regarding the characteristic 
reactions of this substance may be given. The solution in an excess 
of nitric acid is intense eosin-red rather than purple (Gilbody and 
Perkin) and on dilution with water gives a clear red solution exhibit¬ 
ing very bright yellowish-green fluorescence. The more blue-toned 
red solution results, however, if the volume of nitric acid employed 
is greatly diminished, and dilution with water then gives the purple 
precipitate mentioned by Gilbody and Perkin. A. benzene solution 
was treated with dilute nitric acid (1 vol, d 142, and 2 vols. of water); 
a crimson colour then appeared in both layers accompanied by 
intense yellowish-green fluorescence. Orx shaking, an orange 
substance separated from the benzene layer, the colour of which 
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faded. An acetic acid solution treated with a trace of bromine 
becomes intense crimson and the usual fluorescence is almost absent; 
on boiling, the colour changes to orange and dark green fluorescence 
appears. This becomes brilliant on dilution with alcohol and is of 
the isobrazilein type. Iodine, in most solvents, gives a similar 
reaction. Bromine, in an acetone solution containing hydrobromic 
acid, however, immediately oxidises the chromene to the pyrylium 
bromide, which separates in orange needles, The substance was 
recognised by conversion into the ferrichloride, identical with the 
product obtained by the method given below. 

isoBrazilein Ferrichloride Trimethyl Ether (V).—A characteristic 
property of deoxytrimethylbrazilone is the ease with which it is 
oxidised in acid solution with formation of the isobrazilein salts 
and a convenient method is provided by the use of ferric chloride 
in acetic acid solution. The deoxytrimethylbrazilone was dis¬ 
solved in warm acetic acid, the solution cooled, and anhydrous ferric 
chloride introduced; the ferrichloride soon separated as a crimson 
mass of needles that appeared orange by transmitted light. In 
some cases, and especially if cooling was used, a deep crimson 
ferrichloride separated in slender needles and the solution remained 
red. This was an intermediate product and, on gently warming, 
the solution became orange and the brownish-orange isobrazilein 
ferrichloride trimethyl ether separated at once. In this form the 
substance was practically pure and after one crystallisation from 
acetic acid was identified by careful comparison with a specimen 
obtained from pure tetramethyldihydrobrazileinol (Engels, Perkin, 
and Robinson, loc. cit.). At a much earlier stage of the investigation, 
the residue (R) mentioned in the last section was submitted to 
similar treatment; the ferrichloride so obtained crystallised from 
glacial acetic acid in slender, orange needles and was directly 
compared with an exceptionally pure specimen of isobrazilem 
ferrichloride trimethyl ether, with the result that no differences 
could be detected. The comparison was made in almost the same 
manner as that instituted by Crabtree and Robinson (loc. cit.) with 
a similar purpose in view and in all cases the properties of the 
specimens were examined side by side. It is not considered necessary 
to reproduce the account of these properties, since important 
variations from the description were not observed. 

The Universities or Oxford and Manchester, 

, [ Received , June 21 th , 1927.] 
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CCLXXVIII .—Esterification in Mixed Solvents. 

By Balwant Wasudeo Bhide and Herbert Edmeston Watson. 

Previous ©xperimeuts (Bhide and Sudborough, J. Indian Inst. Sci 
1925,8-4, 89) have shown that the equation (r — a) log a I (a — x) — 
x = kt suggested by Goldschmidt and Udby (Z. physikal. Chem ., 
1907, 60, 728) gives satisfactory values for the velocity coefficient k 
in numerous cases of esterification of organic acids with ethyl 
alcohol, and thus allows for the effect of the water formed during 
the reaction. The question as to the actual catalytic agent is, 
however, still obscure. Of the theories which have been put 
forward (compare Lapworth, J., 1911, 99, 1427; Rice et alJ. 
Amer. Chem. Soc ., 1923, 45, 2808; 1924, 46, 2405; 1925, 47, 
379), that of Goldschmidt (Z. physikal. Chem., 1913, 81, 30; 1920, 
94, 233), according to which both the hydrogen ions and the undis¬ 
sociated molecules are assumed to act as catalysts, has given 
satisfactory results in explaining the enolisation of acetone, the 
decomposition of diazoacetates, and the esterification of certain 
acids with methyl and ethyl alcohols, for a range in concentration 
of the catalyst from 0-05 to 02^. As the degree of dissociation 
between these limits only changes by approximately 10%, the 
relative effects of the ions and molecules cannot be determined 
mth great accuracy. 

In order to study the question through a greater range of ionic 
concentration, it was decided to examine the effects obtained in 
the presence of non-dissociating solvents. Kailan (Z . physikal. 
Chem., 1914, 88, 63) has shown that the velocity coefficient for the 
esterification of benzoic acid by ethyl alcohol is largely increased 
when benzene is added, but he has not worked with solutions 
containing more than 75% of benzene. 

In the present experiments, mixtures of wamyl alcohol with 
benzene or ligroin have been used. As acids, suberic and n-'butyrio 
were selected on account of their convenient rates of esterification* 
The former is moderately easily soluble in isoamyl alcohol (5*15 g. 
per 100 g. of solvent), but almost insoluble in benzene and ligroin. 
The latter is miscible in all proportions with all three solvents. 

Experimental. 

The isoamyl alcohol was very carefully purified and dried, the 
final drying agent being anhydrous copper sulphate, as metallic 
calcium was found to give rise to traces of ammonia which increased 
the conductivity. At 30°, it had d 0*8026 and specific conductivity 
2 x 10" 7 mho. The suberic acid had m. p. 140°'j ^butyrib 
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acid, b. p, 156—157°/685 mm.; and benzene, tiff 0*8658. The 
ligroin dried over sodium had b. p. 80—90°/685 mm., and did not 
decolorise bromine. Throughout the preparation and subsequent 
use of these materials, the utmost care was taken to exclude 
moisture. 

The composition of mixtures is given as % by vol., and density 
determinations showed that the change of volume on mixing was 
negligible. 

Fig. I. 


Concentration of HC1 (Curve 4). 
0*05 0*0625 0*083 0*125 0*25 



Curve 1. Suberic add-benzene. 2. n -Butyric acid-bmzene. 3. n-Butyric 
acid-Hgroin. 4. Suberic acidA&oamyl alcohol with varying HOI. 5. Viscosity: 
isoamyl alcohol-benzene . 

Several determinations of the viscosity and conductivity of the 
solutions -were made in order to ascertain whether these properties 
could be correlated with the velocity coefficients. 

Viscosity measurements were made with an Ostwald viscometer 
at 30° ± 0-05 3 and the results are in Table land Fig. 1 (Curve 5). 

When hydrogen chloride is dissolved in isoamyl alcohol, the 
viscosity increases regularly with the concentration, rising from 
0-0321 for the pure alcohol to 0-0354 for a 0-142Ji-solution. 
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Table I. 

Viscosity of mixtures of isoamyl alcohol and benzene. 

Benzene, Time of , Benzene, Time of 

%. flow (secs.). c? 4 ®. r). %. flow (secs.). . y. 

0 419-0 0-8026 0*0321 60 95-0 0-8397 0*00760 

20 222-4 0-8147 0*0173 80 76*4 0*8525 0-00621 

40 137-4 0-8266 0*0108 100 68-0 0-8658 0-00562 

Conductivity measurements of solutions of hydrogen chloride in 
the anhydrous solvents were made, but were rendered difficult by 
the large decrease in conductivity caused by traces of water. 
Table II shows the effect of water upon the equivalent conduct¬ 
ivity (A) of a OTiV-solution of hydrogen chloride in isoamyl alcohol; 

Table II, 

Conductivity of O-lA-isoamyl alcohol solutions of HC1 containing 

water. 

HoO (mols./litre) 0*0 0-078 0-163 0*203 0-248 0-31 0-62 1-05 

A . 2-18 1-62 1*494 1*491 1*490 1-64 1-99 2-33 

it will be observed that the conductivity drops rapidly to a minimum 
and then steadily rises. Analogous results have been obtained by 
Goldschmidt ( Z . physikal. Chem ., 1915, 89, 129) in the case of 
ethyl alcohol. Consistent results could only be obtained by making 
a fresh solution in the conductivity cell itself for each determination. 

Table III gives the results obtained for wamyl alcohol alone 
and for 20 and 40% benzene solutions. 

Table III. 

Conductivity of HCl in isoamyl alcohol. 

HC1 (N) 0*00565 0-0166 0*0216 0*0303 0*055 0-071 0-086 0*110 0*164 


A ...... 2*42 2*33 2-28 2-21 2-18 2*16 2-16 2-20 2*27 

Conductivity of HCi in isoamyl alcohol containing 20% of benzene, 

HCl (N) . 0*0133 0-0250 0*0385 0-0425 0*0675 0*0773 

A . 1*040 0-917 0-883 0-886 0*923 0*958 

Conductivity of HCl in isoamyl alcohol containing 40% of benzene. 

HCi (A) . 0*0171 0-0196 0-0308 0-0443 0-074 0-103 0-132 

100A . . 1*43 1-36 1-27 1*33 1*53 1-83 2*22 


In all these solutions A has a minimum value. Godlewski 
(J . Chim. physique , 1905, 3, 432) has observed a similar minimum 
for the case of acetic acid in amyl alcohol. 

The conductivities of solutions with a higher proportion of 
benzene were very low, e.g., 0*088A-hydrogen chloride in 60% 
benzene solution had an equivalent conductivity of 7-1 X l(H mho« 
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Reaction Velocity. 

The rate of esterification was measured in the manner previously 
described (Bhide and Sudborough, loc. cit.) at 30° ± 0*01°. At 
this temperature the concentration of a 0-05A 7 -solution of hydrogen 
chloride in isoamyl alcohol remained unchanged for more than 
48 hours. As the reaction with suberic acid was practically com¬ 
plete in 7 hours, no complication was produced by reaction between 
the alcohol and hydrogen chloride. 

According to Goldschmidt the value of r in his formula is constant 
for any one alcohol. It may be calculated by taking a series of 
readings during the course of an esterification and solving for k 
and r from two of the simultaneous equations so obtained. In 
the present case, r was determined from esterification experiments 
with both suberic and acetic acids, and the mean value 0*11 was 
found to yield values of k which were in good agreement with each 
other in every experiment, so that it is not necessary to give detailed 
results. The final values for the velocity coefficients are in all 
cases the mean of at least two concordant determinations. 

Preliminary experiments showed that the velocity coefficient was 
not proportional to the concentration of catalyst but became 
relatively greater as the concentration increased. In all subse¬ 
quent experiments the concentration of hydrogen chloride was 
kept as near to O-OfiJV as possible. 

Table IV shows the extent of this variation for the esterification 
of O-lV-suberic acid by isoamyl alcohol. The coefficients given 
are calculated for 0*0 5N catalyst on the assumption that the 
velocity coefficient is proportional to the concentration of catalyst. 

Table IV. 

Change in velocity coefficient with catalyst concentration* 

HCI (N) .. 0*0045 0*012 0*050 0*100 0*220 0*464 

h for 0*05IV-HC1 . 0*036 0*045 0*053 0*056 0*071 0*086 

Goldschmidt and TJdby’s formula was found not to give a con¬ 
stant for the highest concentration of acid, the value of k increasing 
with time. The figure 0*086 in the table is the initial value. 

Table V shows the velocity coefficients for 0*lA T -suberic and 
w-butyric acids in mixtures of isoamyl alcohol and benzene with 
0*05 A 7 -hydrogen chloride as catalyst. 

As has been pointed out by Kailan (loc. cit.), the quantity 7*;, 
although constant in any one experiment, is not proportional to 
the true velocity coefficient when the composition of the solvent 
is altered. The general equation for a second-order reaction may 
be written dxjdt = k x Cc, where C and c are the concentrations of 
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Table V. 

Velocity coefficients of OlV-suberic and ^-butyric acids. 

Suberic acid. n-Butyric acid. 


Benzene, %, 

k x 10*. 

&x X 10*. 

fc X 10*. 

k x X 10*. 

0 

535 

535 

550 

550 

10 

458 

509 



20 

380 

475 

430 

537 

40 

381 

635 

446 

743 

60 

378 

945 

487 

1220 

70 

531 

1770 



80 

625 

3130 

645 

3230 

90 

725 

7250 




the reacting substances. When one of these substances is used as 
solvent, as in the present case, G may be regarded as constant 
throughout the reaction, and k x C may be replaced by k. The 
latter is the velocity coefficient of Goldschmidt and Udby’s equation. 
The true velocity coefficient k x = kjC. If C is changed by the 
addition of a second solvent, this fact must be taken into account 
when calculating k v In Table V, C has been taken as unity for 
the pure solvent. 

Fig. 1 shows diagrammatically the values of k in Table V and 
also the results for 0-li^-n-butyric acid in mixtures of isoamyl 
alcohol and ligroin. The curves are similar in shape and appear 
to exhibit breaks, but this cannot be confirmed without a large 
number of fresh determinations. The experimental points have 
been joined merely to show the general trend. 

Discussion of Results. 

The most striking feature of these results is the large increase 
in the value of k x as the alcohol is diluted with the neutral solvent. 
The values of k , on the other hand, although decreasing at first 
and then rising, do not fluctuate to such an extent. This suggests 
that the method by which k t has been calculated from k is in¬ 
accurate, or that there is some compensating factor which has not 
been taken into account, for it seems unlikely that the reactivity 
should increase more than ten times on the addition of a second 
solvent. 

While the assumption that the reaction velocity is proportional 
to the concentration of the alcohol is probably correct in the case of 
an uncatalysed reaction, it does not follow that the same is true in 
the presence of a catalyst. In the latter ease, it is quite possible 
that the catalyst is mainly associated with the alcohol, a certain 
proportion of the complexes (whether ionic or molecular) being in 
the active condition. If a neutral solvent, particularly one in 
which the catalyst is comparatively insoluble, is now added, the: 
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relation between alcohol and catalyst may be only slightly changed. 
In other words, the velocity may depend upon the ratio of catalyst 
molecules to alcohol molecules. 

Consider 50 c.c. of a O-liV-solution of suberic acid in O-L&f-amyl- 
alcoholic hydrogen chloride. The velocity coefficient according to 
Table IV is 0*056 X 2, corresponding with the presence of a certain 
number of active complexes. If 50 c.c. of benzene, containing the 
necessary amount of suberic acid to keep the concentration constant, 
are now added, and it is supposed that the total number of these 
complexes does not alter, the number in 50 c.c. will be half the 
original number and the velocity coefficient will be 0*056, and not 
0*053 as might be expected from the fact that the catalyst con¬ 
centration is now 0*05A T . Similarly for a 10% amyl alcohol solu¬ 
tion, the velocity coefficient for 0*05iV catalyst would be 0*1 times 
its value for 0 -5N catalyst, or approximately 0*09. This is 
qualitatively in agreement with observation, as may be seen in 
Kg. 1 : curve 4 represents the figures in Table IV for the variation 
of velocity coefficient with acid concentration, plotted in such a 
way that they show the velocity coefficient calculated as above for 
each mixed solvent, i.e., corrected so as to show the concentration 
with reference to the amyl alcohol. The general shape of the 
later part of this curve has a distinct resemblance to the corre¬ 
sponding portions of the esterification curves. 

If this hypothesis be correct, k represents the velocity coefficient, 
and not k v 

The present results show that reaction can take place rapidly 
in the absence of any appreciable number of ions, but they do not 
afford information as to the relative effect of ions and molecules. 

It has so far not been possible to explain either the diminution 
in k on adding small quantities of benzene, or the minimum in the 
conductivity curves. Attempts have been made to measure the 
hydrogen-ion concentration, but so far they have not been 
successful. 

It is evident that much further work is required before- more 
definite conclusions can be drawn, and the experiments are being 
continued. 

Summary . 

1. The velocity coefficients of esterification of suberic and 
n-butyric acids in mixtures of isoamyl alcohol with benzene and 
ligroin have been measured in the presence of hydrogen chloride 
as catalyst. 

2. Goldschmidt and Udby’s formula has been found to yield 
satisfactorily constant coefficients. 

3. The coefficients increase very considerably on addition of 
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the neutral solvents, the relation between the value of the coefficient 
and the composition of the solution being approximately hyper¬ 
bolic. A possible explanation is that the velocity depends upon 
the ratio of catalyst to alcohol molecules, and not upon the con¬ 
centration of , catalyst in the whole solution. 

4. Conductivity and viscosity measurements > have also been 
made, and it is shown that the ionisation of the catalyst is a 
negligible factor in determining the velocity. The conductivity 
of the solutions in which the reaction took place most readily was 
very low. 

Indian Institute of Science, 

Bang adobe. [Received, March 24th, 1927.] 


CCLXXIX .—Acid and Salt Effects in Catalysed 
Reactions. Part X. The Hydrolysis of Ethyl 
Acetate with Acetic Acid as Catalyst. 

By Harry Medrorth Dawson and William Lowson. 

In presence of a strong acid, the rate of hydrolysis of ethyl acetate 
in dilute aqueous solution is determined by the difference between 
two reaction velocities which are proportional, respectively, to the 
concentration of the unhydrolysed ester and to the square of the 
concentration of the hydrolysed ester. 

The integration of the differential equation, which takes account 
of the two opposed reactions, leads to a formula of very complicated 
type (compare Harned and Pfanstiel, J. Amer. Chem. jSoc., 1922, 
44, 2193), and on this account it is customary to consider the 
reaction as non-reversible and to replace the total initial con¬ 
centration of the ester by that corresponding with the ester which 
has been hydrolysed when the state of equilibrium is reached. 

Since the experiments to be described by us are concerned, 
inter alia , with the determination of an accurate value for the 
catalytic coefficient of the hydrogen ion, it has seemed necessary 
to inquire to what extent and under what conditions the neglect 
of the reverse reaction affords a constant which may be taken as a 
measure of the true hydrolytic coefficient k r in the equation for 
the reversible charge. The latter may be written 

dxjdt = k r (w — x)(a — x) — 

in which w represents the molar concentration of water and a that 
of the total ester in the original solution. 

Since under the conditions of the experiments to be described x 
may be neglected in comparison with iv, and ¥ f may be replaced 
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by K $ k fi where K e is the equilibrium constant, the above equation 
assumes the form 

dxjdt = k r {w(a — x) — K e x 2 } . . . . (1) 

The two simplified equations which have been compared with this 


are 

dxjdt = k 0 w(a — x) .(2) 

and • dxjdt = fc 6 w(a e — x) .(3) 


in which k Q refers to the velocity expressed in terms of the total 
ester concentration, and k e is the coefficient obtained by using the 
concentration of ester, a e , which has been hydrolysed at the attain¬ 
ment of equilibrium. 

In so far as (2) and (3) may be supposed to represent correctly 
the reaction velocity at different stages, the three values of dxjdt 
may be equated. From (1) and (2) we thus obtain 

Jc Q jJc r = 1 — KeX 2 jw(a — x) .(4) 

and from (1) and (3) 

Jc e jJc r = {a — a){l — Kept?lw{a — xj}j(a 4 — x) . . (5) 

* 

On the assumption that h r is the true velocity coefficient of the 
hydrolytic reaction, the ratios Jc Q /k r and k e jk r show to what extent 
equations (2) and (3) may be used in substitution for equation (1). 
When the ester concentration is small, e.g, } a = 0*05, the difference 
between the coefficients is not a matter of importance, but it may 
be readily shown that the difference is considerable for higher 
ester concentrations. 

The comparison we have instituted has reference to the ester 
concentration used in our experiments, viz., a = 0*4; under these 
conditions w = 53*0, and if K t = 4*0, a e = 0*3886, corresponding 
with 97*15% hydrolysis. The relevant numbers are shown in 
Table I, from which it is apparent that equation (2) yields a 

Table I. 

Comparison of Velocity Coefficients . 

0 0*05 0*1 0*15 0*2 0*25 0*3 0*35 

1*0 0*999 0*997 0*993 0*985 0*969 0*932 0*815 

1*029 1*033 1*037 1*040 1*044 1*048 1*052 1*055 

“ constant ” which in the early stages of the reaction differs very 
little from the true coefficient k r . On the other hand, equation (3) 
gives a “ constant ” which is very considerably greater than k r , 
ahd such advantage as may be claimed for this equation is limited 
to the circumstance that the “ constant ” associated with it does 
not change very greatly even in the late stages of the reaction. 
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The relations disclosed by the above comparison have been of 
considerable assistance in deciding that equation (2) is to be pre¬ 
ferred to (3) as a basis for the development of an integral formula 
to represent the earlier stages of the hydrolysis of ethyl acetate 
under the catalytic influence of acetic acid. 

Results obtained in the study of the acetone-iodine reaction have 
shown that catalytic effects are produced by the undissociated 
acetic acid and the acetate ion as well as by the hydrogen ion, 
and if these are taken into account in the present case, the form 
assumed by equation (2) is 

dxjdt = {fa[ H + ] + tb[A-] + k m [BA]}w(a - x) 

Experiments to be described in a subsequent paper show, how¬ 
ever, that the coefficients k a and k m are very small, and that the 
terms k a [ A~] and & m [HA] can in general be neglected in comparison 
with &/i[H + ] when acetic acid is used as catalyst in the absence of 
the corresponding salt. If b denotes the original concentration of 
the acetic acid, then [H + ] = V K{b + x— [H+]) = approx.ViT(&+tt), 
and the previous equation becomes 

* dx/dt = ktfjuV K{a — x)(b + x)b . ... (6) 

= k(a — x)(b + 2 ?)*.(6a) 

By substituting y ~ (b + x)±, equation (6a) becomes 
k .dt = 2dyl(a + b ~ y % ) 

which may be integrated by the method of partial fractions. We 
thus obtain 


ht ~~ VT+l ^ log + b + V) — (Va + b — y)} + constant, 

and since y = Vb when t = 0 

constant = - {log (Va+T> + Vb) - log (Va + b - Vb)} 


Replacing y by (b -f #)* and transposing, we obtain 


k 


.1.. /j + V b + X 

tVa + 6 [ Va + 6 — Vi + x 


log 


Va±±± Vb } (ff 
Va + 6-Vb) ( } 


This equation will be applied to experiments for which a 04, 
and b = 0*L 

Preliminary observations under these conditions showed clearly 
that the reaction velocity increases in the early stages and this 
circumstance suggested a further analysis of equation (6a) v By 
differentiation we obtain 


dvjdx = \k(a — x)(b + #)"* — k{b + #)* 
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according to which the velocity passes through a maximum when 
a — x =s 2(6 + x) 9 i.e<, when x ~x m = (a — 26)/3. If a = nb, 
x m becomes (n ~ 2)6/3, and since this must be a positive quantity, 
it follows that a maximum velocity will only be obtained when the 
ester-acetic acid ratio is greater than 2. If n = or < 2, the velocity 
should fall continuously as the reaction proceeds. 

In terms of n and 6, the initial velocity v 0 is given by 

v 0 = knb s - .(9) 

and the maximum velocity, v m , by 

v m = 2k{(n + 1)6/3}! . • • . . (10) 

whence for the ratio of maximum to initial velocity we obtain 

v m lv Q = 2!n.{(n+im • • • ,* (H) 

according to which this ratio depends only on n or ajb. Table II 
shows how the relative magnitude of the maximum velocity and the 
point at which it occurs depend on the value of n. The values of 
n 7 x m ,, and v m /v Q are recorded in the first, second, and fourth hori¬ 
zontal lines; the third line gives the % of ester, 100 x m la, which has 
been hydrolysed when the velocity attains its maximum value. 

Table II. 


n . 2-0 3-0 4-0 5-0 6-0 10-0 

ar m . 0 6/3 26/3 6 46/3 86/3 

lOOxJa ... 0 11-1 16*7 20*0 22-2 26*7 

v m lv 0 .... X 1-03 1*075 1*13 1*19 1*40 


Experimental. 

The velocity measurements were made at 25°. The ethyl acetate 
was a fractionated research chemical which on saponification was 
found to contain 99*9% of ester. Preliminary observations showed 
that greatly increased accuracy could be obtained by the use of 
weight-volumetric methods and that this mode of procedure was 
essential in so far as the determination of the average speed at 
successive stages of the reaction was attempted. 

In the recorded experiments, a 25 (or 10) c.c. sample of the 
ester solution was introduced into a weighed flask containing water 
and a measured quantity of phenolphthalein, the flask and its 
contents being re-weighed before and after the addition of the 
0*l^-sodium hydroxide necessary*to produce the tint accepted as 
an indication of the end-point. Using every precaution, it was 
found that titration results were reproducible within limits of 
± 0*02 c.c. The influence of the titration error on the value of x 
varies with the progress of the reaction, but is in all cases such as 
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to warrant the belief that the accuracy of the analytical procedure 
was sufficient for the purpose of the inquiry. 

Table III gives the detailed record of an experiment the data 
for which have been examined in reference to equation (7). Col. 1 
gives the time in minutes, col. 2 the weight of solution titrated, 
and col. 3 the weight of standard alkali solution (0-0996iV'-NaOH) 
required. Col. 4 records the values of (6 + #) in mols. per litre, 
and col. 5 gives the values of Tc calculated from equation (7). 


Table III. 


a = 0*413; 6 = 0*0977. 



Wt. of sol. 

W. of standard 



t (mins.). 

titrated. 

alkali. 

b + x. 

k X 10*. 

1,645 

24*934 

24*462 

0*1033 

2*61 

5,640 

24*940 

25*859 

0*1172 

2*63 

9,970 

24*943 

29*337 

0*1326 

2*61 

14,300 

24*951 

33*206 

0*1481 

2*61 

17,160 

10*006 

14*875 

0*1587 

2*61 

25,985 

10*002 

15*936 

0*1902 

2*59 

33,005 

10*002 

20*139 

0*2158 

2*60 

36,030 

10*016 

22*741 

0*2262 

2*59 

43,120 

9*993 

25*169 

0*2509 

2*59 

50,310 

10*005 

27*515 

0*2739 

2*59 

64,675 

9*999 

31*797 

0*3167 

(2*57) 

74,840 

9*992 

34*378 

0*3427 

(2*56) 

84,860 

9*987 

36*710 

0*3661 

(2*55) 

94,950 

9*993 

38*715 

0*3859 

(2*54) 

106,870 

9*985 

40*760 

0*4066 

(2*52) 


In accordance with the preceding analysis (compare Table I), 
the value of k would be expected to remain sensibly constant until 
about half of the original ester has been hydrolysed. As the 
figures in the last column of Table III indicate, this anticipation 
is fully realised within the limits of experimental error. The steady 
fall in the later (bracketed) values of k is quite in accordance with 
expectation. 

If the experimental data for the later stages of the reaction are 
to be analysed with any degree of precision, it is essential that 
consideration should be given to the reverse reaction, but this does 
not necessarily imply the use of the complex integration formula 
(compare p. 2107). On the contrary, if the measurements of the 
reaction velocity are sufficiently accurate and the variations in the 
velocity are relatively small, the experimental results may be 
tested by comparing the observed average velocity for successive 
time intervals with the calculated velocity for the middle of each 


such interval. In so far as the variation of the velocity is con¬ 
cerned, the reaction investigated by us fulfils the stipulated require¬ 


ment until the latest stages are reached, in 


diminishing ester concentration is counteracted by tbe 
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increasing concentration of the acetic acid. If v = Ax I At is the 
average velocity for an interval in which x increases from x x to x 2 , 
and £~(x 1 + x 2 )I2 represents the mean value of x, then in 
accordance with equation (6) we have 

v s= khwVKia — x)(b + x)l — k'tfcVK(b + #)$ 


and since kftwVK — k and k\ — KJ^h 

this may be written 

v = k{{a — £)(& + #)* — K e /w . x(b + #) 5 } • • (12) 

The application of equation (12) to the experimental data is 
shown in Table IV. Col. 1 gives the length of the time interval 
(A£) between each successive pair of readings in Table III, col. 2 
the mean concentration of the ester (a — £), col. 3 the mean con¬ 
centration of the acetic acid (6 + x), col, 4 the observed mean 
velocity, col. 5 the velocity calculated from equation (12) with 
k = 2-61 X 10“ 5 (see Table III), whilst col. 6 gives the values of k 
obtained by dividing the observed average velocity by 
{a — x)(b + #)* — j K e /w . x(b + x)k 


Table IV. 


At (mins.). 

(a — »). 

(& 4- 3). 

v . 10® (obs.). 

v, 10® (calc.). 

k . 10®. 

1,645 

0-4102 

0-1005 

3-45 

3-39 

2-65 

3,995 

0-4005 

0-1102 

3-48 

3-47 

2-62 

4,330 

0-3858 

0-1249 

3-56 

3-56 

2-61 

4,330 

0*3704 

0-1403 

3-58 

3*62 

2-57 

2,860 

0*3573 

0*1534 

3-70 

3-65 

2-64 

8,825 

0-3363 

0-1744 

3-57 

3-65 

2-55 

7,020 

0-3077 

0-2030 

3-65 

3-60 

2-65 

3,025 

0-2897 

0-2210 

3*44 

3-52 

2-55 

7,090 

0-2722 

0-2385 

3-48 

3-44 

2*64 

7,190 

0-2483 

0-2634 

3*20 

3-28 

2-55 

14,455 

0-2154 

0*2953 

2-96 

2-99 

2-58 

10,075 

0*1810 

0-3297 

2-58 

2*62 

2*56 

10,020 

0-1563 

0*3544 

2-34 

2*32 

2*63 

10,090 

0*1347 

0-3760 

1-96 

2*03 

2-52 

11,920 

0*1145 

0-3962 

1*74 

1*73 

2-62 


In reference to the above table, it may be noted that the observ¬ 
ations cover a period of 75 days, at the end of which about 75% 
of the ester had been hydrolysed. The original intention was to 
make the successive time intervals approximately equal, but various 
Circumstances intervened to prevent the carrying out of this pro¬ 
posal. The close agreement of the observed and calculated velocities 
shows that the reaction proceeds throughout'in accordance with the 
/of equation (12). This is further shown by the con- 
^ of the fc values in the last column. 

^ The estimated probable error in the determination of the interval 

velocities is about 2% and this corresponds fairly well with the 
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deviations of the separate h values from the mean. The arithmetic 
mean of all the recorded numbers is k = 2-60 X 10“ s , which is 
almost identical with the mean value of the coefficient derived from 
the application of the integration formula (7) to the first half of 
the reaction (see Table III). 

In this connexion it may be noted that equation (12) involves 
the assumption that the hydrogen-ion concentration is given by 
[H + ] = VK(b + ft), If this were replaced by the more accurate 
value derived from [H + ] = V K(b + ft — [B>]), the average value of 
k would be increased by about 0*4%. The use of the simpler expres- 

Fig. 1. 

3*8 


3-4 

S 3-0 

X 

■S 1 

| 2-6 
a> 

2*2 


1*8 


0*05 0*1 0*15 0*2 0*25 0*3 

x. 

Diagram showing the variation of the reaction velocity with the 
proportion of ester hydrolysed . 

sion is justified by the fact that the difference involved is probably 
within the limits of error of the mean value of k . 

The observations recorded in Table IV do not actually give 
the initial velocity v 0 . To obtain this, measurements were made 
with solutions for which the initial concentrations of ester and 
acetic acid were so adjusted that (a — ft) and ( b + ft) were equal 
to the initial values {a and b) in the experiment of Tables III and 
IV. The velocity derived in this way was v 0 * 3*34 x 1(H, which 
compares with the calculated value, v Q as 3*37 X 10~ 5 * 

The course of the reaction may be clearly visualised with the 
aid of the diagram. The curve on this shows the variation of 
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velocity as expressed by equation (12), whilst the points represent 
the measured average velocities for the successive time intervals. 
Equations (8) and (11) give x m = 0*072 for the point at which the 
velocity reaches its maximum value and v m /v 0 = 1*087 for the ratio 
of the maximum to the initial velocity. Although direct comparison 
between theory and experiment is not possible, it is apparent that 
these numbers are in general agreement with the observed course of 
the reaction* 

Substituting K = 1*85 X 10“ 5 and w — 53*2 in the expression 
b = fawVK = 2*61 X 10' 5 , we obtain fa = 1-14 X 10” 4 as the value 
of the catalytic coefficient for the hydrogen ion in the hydrolysis 
of ethyl acetate at 25°. 

Summary . 

An examination has been made of the extent to which the neglect 
of the reverse reaction interferes with the derivation of true velocity 
coefficients in the process of ester hydrolysis. It is shown that the 
usual procedure does not yield the required coefficients unless the 
ester concentration is very small. 

Accurate measurements of the rate of hydrolysis of ethyl acetate 
in preserve of acetic acid have been made which permit of a direct 
comparison of the observed and calculated velocities at successive 
stages of the reaction. 

Under the experimental conditions (ester, 0-4 molar; acetic acid, 
0*1 molar), the velocity passes through a maximum in accordance 
with the theoretical predictions. 

The value of the catalytic coefficient obtained for tlie hydrogen 
ion at 25° is fa = 1*14 X 10" 4 . 

The Univbbsity, Leeds. '* [Received, June 7 th, 1927.] 


CCLXXX .—The Action of Hydrazines on Semi- 
carbazones. Part III . 

By Wil liam Baird and Forsyth Jambs Wilson. 

In Part II (J., 1926, 2369) it -was shown that acetophenone- and 
benzophenone-S-anilihosemicarbazones on heating gave the phenyl- 
hydrazones and 4-ammour azole,* the reaction probably taking place 
in two stages: . 

2(mR':sr-NH'CO-]S T H-NHPh = CO(NH-ZSr:CRR') 2 + 

. C0(NH-NHPh) 2 = 2CRR':N-NHPh + CO<^^>CO 

<-}. # In Part n tliis compound was erroneously described as l-aminourazole; 
tbe name and formula should be as now given. 
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From acetophenone-S-anilinosemicarbazone, some ketazine was also 
produced, probably by the thermal decomposition of the inter¬ 
mediate carbohydrazone (compare Brown, Pickering, and Wilson, 
this vol., p. 107). This interpretation of the reaction has now 
been confirmed by heating together diacetonecarbohydrazone and 
diphenylcarbohydrazide, the products being aeetonephenylhydr- 
azone, 4-aminourazole and dimethylketazine. The thermal decom¬ 
position of acetone-, pinacolin-, and benzyhdene-S-anilinosemicarb- 
azones followed the same course, no diphenylcarbohydrazide being 
actually isolated. In the case of acetone-$-diphenylaminosemi- 
carbazone, the thermal decomposition of which conformed to the 
general scheme, some tetraphenylcarbohydrazide, CO(NH-NPh 2 ) 2 , 
was actually isolated. 

In the expectation of obtaining 8- amlinothiosemicarbazones, the 
behaviour of acetone-, acetophenone-, and dibenzyl ketone thio- 
semicarbazones on heating with phenylhydrazine was investigated 
in the usual manner. In each case, however, the phenylhydrazone 
and thiosemicarbazide were produced, the reaction being 
CRR , :N^NH*CS-NH 2 + NH 2 *NHPh = CRR'IN-NHPh + 
NH 2 *NH*CS*NH 2 . Since acetophenone- and dibenzyl ketone semi- 
carbazones gave excellent yields of S-anilinosemicarbazones, the 
thiosemicarbazide residue is evidently more easily replaced than 
the semicarbazide residue. 

Experimental. 

Thermal Decomposition of 8~Anilinosemicarbazones .—In the pre¬ 
paration of S-anilinosemicarbazide hydrochloride already described, 
it was found more advantageous to hydrolyse the acetophenone 
derivative (3*3 g.) by boiling under reflux for 20 minutes with 6% 
hydrochloric acid (75 c.c.) and to remove the acetophenone from the 
hot liquid by three extractions with carbon tetrachloride. The 
aqueous solution on cooling deposited the hydrochloride, the 
remainder of which was obtained by evaporating the filtrate under 
reduced pressure* 

Acetone-S-anilinosemicarbazone was prepared by mixing acetone 
with a concentrated aqueous solution of the hydrochloride and 
gradually adding a slight excess of solid potassium acetate with 
shaking. After cooling in ice for 5 hours, the product was collected 
(yield 94%). It crystallises in plates, not needles as formerly 
described (J;, 1924, 125, 2146). The m, p. varies somewhat with 
the rate of heating; this preparation had m. p. 170°, which was 
not depressed on admixture with the specimen previously 
(Found : N, 27-1. Calc.: N, 27*2%)* Methyl ethyl ketone 



2116 THE ACTION OF HYDRAZINES ON SEMICARBAZONES. PART III. 

semicarbazone (plates from alcohol, m. p. 137°) was prepared in the 
same way (Found: N, 25*4. C 11 H 16 ON 4 requires N, 25*4%). 

Acetone-S-anilinosemicarbazone was heated at 180° for 5 hours 
in a distillation flask with occasional evacuation until distillation 
ceased. The small quantity of distillate, after hydrolysis with 
dilute hydrochloric acid, yielded acetone on fractionation; the 
remainder of the liquid gave with benzaldehyde and potassium 
acetate a mixture of benzaldehydephenylhydrazone and benzalazine. 
The semi-resinous product remaining in the reaction flask was 
extracted with boiling absolute alcohol, which left a residue of 
4-aminourazole. The alcoholic extract would not crystallise, but 
gave the usual diphenylcarbohydrazide colour reactions. Hence 
the products were acetonephenylhydrazone, dimethylketazine, and 
4-aminourazole. 

An intimate mixture of diacetonecarbohydrazone and diphenyl¬ 
carbohydrazide (molecular quantities) was heated under the same 
conditions as before. The products were again acetonephenyl¬ 
hydrazone, dimethylketazine, and 4-aminourazole. 

Pirtawlin-S-anilinosemicarbazone . The thermal decomposition 
was effected exactly as before. The distillate contained pinacolin- 
phenylhydrazone and pinacolinazine, identified as such by hydro¬ 
lysis with acid. The residue in the flask contained 4-aminourazole 
and gave the colour reactions of diphenylcarbohydrazide, which, 
however, could not be isolated. 

Pinacolinazine was prepared by refluxing 11 g. of the ketone with 
2*5 g. of hydrazine hydrate in 10 c.c. of absolute alcohol for 2 
hours. After evaporation of the solution, the residual oil was 
dried over potassium carbonate and distilled; it was an almost 
colourless oil, b. p. 213—216°, 103°/17 mm., smelling somewhat like 
acetamide, insoluble in water and easily hydrolysed on boiling with 
acid (yield 77%) (Found : N, 14*3. C 12 H 24 N 2 requires N, 14*3%). 

BenzyHdene-8-anilinosemicaxbazone was heated for 1 hour at 
230°. Since benzaldehydephenylhydrazone decomposes at about 
this temperature, the reaction was carried out under reduced 
pressure in a flask of the Anschiitz type, in the collar of which a 
distillate, which soon solidified, collected. The whole reaction mass 
was extracted with boiling absolute alcohol; benzaldehydephenyl¬ 
hydrazone passed into solution whilst 4-aminourazole, the only 
other product, remained undissblved. 

Acetone-B-diphenylaminosemicarbazone . The reaction was carried 
out as usual: 4 hours’ heating at 190—196°. The distillate on 
hydrolysis with hydrochloric acid gave acetone, diphenylhydrazine 
: bydr^zihe.hydrbchloride. The dark residue in 
;th 0 ^k was extracted with boiling absolute alcohol and then with 
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boiling water; the alcoholic extract on concentration deposited 
small needles of tetraphenylcarbohydrazide (Acree, Ber, t 1903, 36, 
3157) (Found : N, 14-4, 14*3. Calc.: N, 14*2%), and evaporation 
of the aqueous extract left 4-aminourazole. The products were 
therefore acetonediphenylhydrazone, dimethylketazine, 4-amino- 
urazole, and tetraphenylcarbohydrazide. 

Action of Phenylhydrazine on Thiosemicarbazones .—Molecular 
quantities of the reactants were heated in toluene solution or 
suspension at 135°. 

Acetonethiosemicarbazone (6| hours). A little ammonia was 
evolved, but the only products isolated were thiosemicarbazide, 
acetonephenylhydrazone, and a little unaltered substance. 

Acetophenonethiosemicarbazone (5 hours). This compound dis¬ 
solved completely and after some time thiosemicarbazide began to 
separate; some hydrogen sulphide and ammonia were evolved. 
The substances isolated were thiosemicarbazide, acetophenone- 
phenylhydrazone, and a small quantity of an orange-coloured 
substance , m. p. 171—172°. 

Dibenzyl ketone thiosemicarbazone (which crystallises in silvery 
leaves, m, p. 165—166°, from alcohol or benzene), was obtained by 
refluxing 2*1 g. of the ketone in 15 c.c. of alcohol with 0*9 g. of 
thiosemicarbazide in the minimum quantity of hot water for £ hour 
(Found: N, 14*9. C 16 H 17 N 3 S requires N, 14*8%). The reaction 
with phenylhydrazine (4 hours) gave thiosemicarbazide, dibenzyl 
ketone phenylhydrazone, and some unaltered substance only. 

s<f 
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CCLXXXI .—The Systems B 2 0 3 -S0 3 -H 2 0 and 
B 2 0 3 -P 2 0 5 -H 2 0. 

By Miriam Levi and Lionel Felix Gilbert. 

(i) The System B 2 0 3 -S0 8 -H 2 0. 

Merz (J. pr. Chem., 1866, 99, 81) stated that when equal weights 
of boric and concentrated sulphuric acids were heated to constant 
weight at 250—280° a substance was obtained of composition, 
5B 2 0 j, 2S0 8 ,2H 2 0. Gmelin reported (Ann. Supp., 1867. 
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that boron trioxide and boric acid dissolved extensively in con¬ 
centrated sulphuric acid on heating, and that on cooling a thick 
syrup was obtained which deposited hydrates of boric acid on 
standing in moist air. Schultz-Sellack (Ber. 9 1871, 4, 12) found 
that the solution of boric acid in concentrated sulphuric acid gave 
on evaporation a viscous or glassy mass, which was not of constant 
composition. If, however, the sulphuric acid solution was treated 
with sulphur trioxide, or if boron trioxide was added to fuming 
sulphuric acid, leafy crystals, of composition B 2 0 3 ,3S0 s ,H 2 0, were 
obtained on evaporation. 

D’Arcy (J., 1889, 55, 155) could not confirm the existence of 
Merz’s or Schultz-Sellack’s compounds. He reports that on mixing 
boric acid with excess of sulphur trioxide a violent reaction occurs; 
on heating the mixture at 100° till no more fumes are evolved 
and then cooling, a white substance separates of composition 
B 2 0 3 ,6S0 3 ,3H 2 0. Herz (Z. anorg . Ghent 1903, 34, 205) has 
made solubility measurements of boric acid in four different eo#v ; 
centrations of sulphuric acid, 9 N being the highest; no examination 
of the solid phases was made. 

In the present work, a partial survey of the condensed ternary 
system has been made at 25° and 45° by the Schreinemakers 
. method, supplemented by direct analyses of the solid phases. 
Hone of the above compounds has been found to exist under our 
experimental conditions, but the new compounds B 2 0 3 ,S0 3 ,4H 2 0 
and 3B 2 0 3 ,S0 3 ,3H 2 O appear to be definitely characterised. 

The reactants supplying the components were, in addition to 
water, concentrated sulphuric acid, fuming sulphuric acid, boric 
acid, and a specimen of powdered boron trioxide containing about 
13% of water. These substances were in each case of a satis¬ 
factory degree of purity. 

The boric-sulphuric acid mixtures examined were analysed by 
Herz’s method (Z. anorg . Ghent., 1903, 33, 353), which was tested 
and found to be very accurate, although the few solubilities recorded 
by that author do not agree with ours (see below), possibly owing 
,, to the fact that in determining them he used a less accurate method 
(compare Kendall and Andrews, J. Arner. Chem. 8oc 1921, 43, 
1550). The procedure was to titrate suitably diluted solutions 
with O'liV-sodium hydroxide in the presence of p-nitrophenol as 
indicator until the first yellow colour appeared, corresponding with 
the neutralisation of the sulphurio acid; 10 c.c. of a neutral, 
^x^turated solution of mannite and two drops of phenolphthalein 
fittfeiWte were then added, and the titration was continued until a 
jgmk colour persisted for 3 minutes. This latter amount 
V of ilkali Was equivalent to the boric acid present. 
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The solubility determinations were complicated, when high 
concentrations of sulphuric acid were concerned, by the ease with 
which highly supersaturated solutions were obtained, even when 
solution was effected at room temperatures. This tendency was 
especially marked in the region relating to the solid phase, 
B 2 0 3 ,S0 3 ,4H 2 0. 

In some cases, solutions stood for several weeks before any 
solid phase commenced to separate, and the further precipitation 
was also very slow. None of the usual methods for overcoming 
this type of difficulty, viz., cooling, heating, or the addition of 
foreign bodies or of the appropriate solid phase, seemed to have 
any marked effect. 

Three methods of obtaining the necessary data for the ternary 
diagram were employed. 

(а) The well-known method of agitating in a thermostat sealed 
glass tubes containing the reactants mixed in suitable proportions 
was employed for low concentrations of sulphuric acid, where 
equilibrium was easily attained. As soon as a tube was opened, 
the liquid and the wet solid were rapidly sampled and the samples 
were transferred to a specific-gravity bottle in the thermostat and 
to a weighing bottle, respectively. 

( б ) The reactants were stirred with dry air in an apparatus 
similar to that used by Donnan and White (J., 1911, 99, 1788), 
the Gooch crucible used by these authors for separating solid and 
liquid being here replaced by a glass filter-funnel with a permanently 
fixed filter-plate of fritted glass. This method was used with some 
of the higher concentrations of (non-fuming) sulphuric acid, where 
the attainment of equilibrium was too slow by the tube method. 

(c) The reactants were placed in a glass bottle of about 500 c.c. 
capacity, fitted with a glass stirrer passing through a mercury seal. 
After long stirring, the solid was allowed to segregate and samples 
of liquid and solid were taken. This method was used for mixtures 
containing fuming sulphuric acid, and for some other mixtures of 
high viscosity. 

Compositions of saturated solutions and of their respective wot 
solids are shown in Table I and Fig. 1 for 25°, and in Table II 
for 45°. Although Herz’s solubilities were determined at 26°, they 
are consistently lower than our values for 25°; c.g,, the concen¬ 
tration of boric acid in 8*75iV'-sulphuric acid is 0*092^ (Herz) and 
about 0-37^ by interpolation from our results. Areas correspond¬ 
ing to three distinct solid phases will be observed in Fig. 1, viz 
B 2 0 3 ,3H 2 0 (i.e. 9 H 3 BO 3 ), B 2 0 35 S0 3 ,4H 2 0, and SB^SO^a^Q, 4 
but there is no evidence here for any of the ternary compounds; 
described by other authors. On plotting the 45°*da£&, 
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Table I. 




Solutions. 


Wet solids. 



Composition (g./lOO g.). 

Composition (g./lOOg.)* 

df. 

so a . 

B a O a . 


so 3 . 

B a O a . 

Solid phase. 

1-017 

0-00 

3-08* 





1-032 

1-96 

2-87 


0*70 

35*76 


1-039 

2-90 

2-79 





1*088 

9*12 

2*18 


4*82 

28-82 


1-112 

11*86 

2*00 





1-160 

17-66 

1-54 





1-270 

28-82 

1*04 





1-284 

30*62 

0-97 


19*90 

20-26 


1-806 

32-78 

0*87 


18*94 

24-78 


1-412 

41-78 

0-71 


30*33 

15-98 

1*446 

44-44 

0*68 


27*74 

21*60 


1-479 

46-80 

0*65 


26*68 

24*84 



63-94 

1-46 


3*89 

52-19 



64*89 

1*47 





1-626 

66*84 

2*69 


47*22 

10*79 



54-66 

6*09 






64*16 

7*17 


35*30 

23*98 


1*668 

53*50 

8*12 


37*80 

22*30^ 



65-74 

7*70 


45*03 

20*01 ^ 


1-617 

54*73 

10-32 


48*19 

17-76 



54*20 

11*73 




•B 2 O a ,SO a ,4H a O. 


51*87 

15-45 


49*34 

18*02 


47*27 

20*93 






51*87 

21*85 






52-89 

21*06 


38*72 

40*64 



57-32 

18*34 


41*47 

38-54 



61*44 

16*07 


43*71 

37*34 



63*36 

70*02 

15*23 

12*00 


52*61 

30*05 

‘ 3B 2 O a ,SO a , 3H a O 

1*882 

73*66 

10-39 


59*50 

24-90 



86*24 

5-07 






86*50 

4-96 






87-72 

4-82 


43-43 

43*45^ 



* In agreement with Kendall and Andrews ( loc . cit.). 




Table II. 




Solutions. 


Wet solids. 



Composition (g./lQQ g.). 

Composition (g./lOOg.). 


so a . 

b 2 o 8 . 


so 3 . 

B a O a . 

Solid phase* 

1-023 

0*00 

5-17 




1-029 

0-47 

5*07 


0*13 

38*37 


1-036 

1-93 

4*83 


0*71 

34*57 


1-086 

8*58 

3-74 


4*86 

28*88 

H a BO s . 

1-097 

10-18 

3-51 


5*78 

26*54 

1-281 

25-48 

1*89 


16-48 

23*33 


1*446 

44-87 

0*13 


33*73 

13*98 


1-628 

52-25 

7*07 


37-81 

20*52/ 


1-671 

54*13 

8-33 


45*45 

19-83'i 


1-685 

56*65 

6-14 


49*50 

15*21 



60-89 

‘4-89 


49-49 

17*89 

■B a O a ,SO a ,4H a O. 

1-800 

62*66 

6-85 


47-35 

21-05 

57*22 

13*56 





59*87 

23-60 


41*08 

35*18} 



57*70 

19*25 


41*34 

40*29 

■3B a 0 8 ,S0 a ,3H 2 0, 


60*43 

17*99 


46-64 

35*66J 
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solubility curve to that at 25° is obtained, but the tie-lines corre¬ 
sponding to the two new compounds are not so satisfactorily 
convergent. The attainment of equilibrium was too slow for more 
satisfactory data to be obtained, but it is considered that there is 
little doubt that the above compounds are also obtained at 45°. 
The quite characteristic appearances of the solid phases were also 
similar to those obtained at 25°. 

Samples of the two new solids, prepared by the interaction of 
boric acid with 88% sulphuric acid, and of boron trioxide (87%) 


Fig. 1. 
BA 



The system B 2 0 3 ~S0 3 -H 2 0 at 25°. S0 8 


with concentrated sulphuric acid, respectively, and kept in desic¬ 
cators on carefully dried porous plates, gave the following analyses: 


BA*S0 a ,4H 2 0. 3BA,SO a ,3HA 


1. 

II. 

III. 

Calc. 

I. 

II. 

III. 

Calc* 

36*6 

36*1 

36*6 

36*0 

22*1 

25*4 

24*9 

23*3 

31-2 

32*3 

32*0 

31*5 

64*8 

61*0 

50*5 

61*0 


It is considered that discrepancies between observed and calculated 
results can fairly be ascribed to a certain amount of hydrolysis 
which may have occurred on sampling, and also to the difficulty of 
draini n g the viscous adherent liquids, the viscosity of which is 
especially high in the case of the second compound. 

B 2 0 3 ,S0 3 ,4H 2 0 is a white, finely-divided, crystalline substance; 
3B 2 0 3 ,S0 3 ,3H 2 0 consists of larger, colourless crystals. Both 
compounds rapidly absorb moisture from the atmosphere, wi^|| 
consequent decomposition. 1 r 
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Viscosities of Solutions of Boric Acid in Concentrated Sulphuric 
Acid.— A few determinations were made at 25° of the viscosities of 
solutions of boric acid in concentrated sulphuric acid compared 
with that of the solvent, by the capillary flow method. No great 
accuracy is claimed for these measurements, which, however, help 1 
to emphasise some of the difficulties experienced when working with 
tins system. The results obtained were: 

% H 3 BO s ..... 0 8-5 15*9 24*5 30*0 37*6 42*7 

Belative time of flow ......... 1 3*96 12*5 40*1 84*0 219 440 

(ii) The System B 2 0 3 -P 2 0 5 “H 2 0. 

Vogel (Z. anal. Chem 1870, 9, 376) obtained a compound con¬ 
taining “ an equal number of equivalents of boric and phosphoric 
acids ” by strongly heating mixtures of these substances. Meyer 
(Ber., 1889, 22, 2919), Mylius and Meusser (, Ber 1904, 37, 397), 
and Prescher (Arch. Pharm., 1904,242,199) all obtained a substance 
of empirical composition BP0 4 by methods similar to that of Vogel, 
whose compound, therefore, was probably the same (compare 
Comey, “ Dictionary of Chemical Solubilities/* 1921, p. 668). 
BP0 4 , thus prepared, is insoluble in water and only slowly decom¬ 
posed by boiling alkalis. Mylius and Meusser observed, however, 
that, when formed at comparatively low temperatures (80—100°) 
from the above reactants, or from solutions of metaboric acid in 
acetic and phosphoric acids or from solutions of boric acid in 
phosphoric and concentrated sulphuric acids, BP0 4 is soluble in 
water with decomposition, but becomes insoluble on heating to 
400°. Gustavson (Ber., 1871, 4, 975) made BP0 4 by heating boron 
trioxide with phosphorus pentachloride, and boron trichloride with 
phosphorus pentoxide. Apparently here, too, the soluble com¬ 
pound was first formed and became insoluble on further heating. 

The ternary system B 2 0 3 -P 2 0 5 -H 2 0 at 25° has now been partially 
investigated, and BP0 4 occurred as the solid phase in one of the 
regions under examination. 

Well-boiled syrupy phosphoric acid, free from phosphorous acid, 
was employed as the source of phosphorus pentoxide, and was 
suitably diluted as required. The boric acid and boron trioxide 
used were similar specimens to those mentioned previously. 

On examination of the literature, Kolthofl’s method (Chem. 
Weekhlad , 1922,19, 449) appeared to be the most suitable for the 
rather difficult determination of mixtures of boric and phosphoric 
.acids, but it was found not to give sufficiently accurate results. 
| addition to the difficulty, of distinguishing between various 
shades of pink, it was found that the titration value for the phos¬ 
phoric acid end-point varied with the amount of boric acid present 
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if the titration was carried on until the same value was obtained 
in each case. Whilst retaining the use of sodium citrate and 
Kolthoff’s value for the total-acid end-point, which was found 
to be correct and unaffected by the relative amounts of the acids, 
a new procedure was adopted. 0*1IV-Mixtures of known com¬ 
position of boric and phosphoric acids were made up, 10 c.c. of 
40% sodium citrate solution and thymol-blue were then added, 
followed by the appropriate amount of O-liV-sodium hydroxide to 
convert all the phosphoric acid to the secondary sodium salt. The 
jpK numbers acquired by the solutions were then determined by 
comparison with a colour chart, and plotted against the % of boric 
acid molecules in the total acid molecules present. 

The correction graph was plotted from the following data, of 
which the accuracy is considered sufficient for the purpose ; 

%H 3 BO s . 100 96 82 70*5 58 52 40-5 35 .26-3 15*5 0 

pm . 8*2 8-3 8-4 8-5 8*6 8*7 8-8 8*9 9*0 9*1 9*2 

In the analysis of an unknown mixture the % of boric acid was 
first determined roughly and the corresponding p n number read 
off the graph. Exact determinations were then made on 25 c.c. 
of another sample by titrating with caustic soda (in presence of 
sodium citrate and thymol blue) to this p R number, thus allowing 
the amount of phosphoric acid to be calculated; 10 c.c. of a 
saturated solution of mannite were then added and the solution was 
titrated until the colour corresponding to p K 8-7 lasted for at least 
a minute. This latter volume of sodium hydroxide was equivalent 
to the boric acid present. A test of the method over a wide range 
of relative concentrations of the acids indicated that it gave very 
accurate results. 

The first two methods employed in the preceding system were 
found suitable for obtaining the solubility and wet-solid data. 
Some difficulty was experienced in filtering satisfactorily mixtures 
made with high concentrations of phosphoric acid. Large quantities 
of boric acid and boron trioxide will dissolve in .such phosphoric 
acid solutions with the formation of clear liquids from which a 
new, very finely divided, solid phase slowly separates. This 
coagulates slightly arid settles after 3 or 4 days, but still passes 
through filters of average pore diameter 35—40 X 10“* and in some 
cases even 4—5 X 10"* cm. 

The results obtained are shown in Table III and partly in Fig. 2. 
The solid phase in equilibrium with solutions containing up to 
about 48% of P 2 0 5 is boric acid, after which BP0 4 or some poly- ; i ; 
meride is formed. The BP0 4 thus obtained is the water-sduto^k 
variety, Attempts to prepare a pure dry speoimen have^|4^^ i 
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Table III. 

Solutions. Wet solids. 


Composition (g./100 g.). Composition (g./100 g.). g 0 xici 


djr. 

P 2 0 5 . 

b 2 o 3 . 

p 2 o 5 . 

b 2 o 3 . 

phase. 

1*042 

3*63 

2*55 

1*23 

39*80^ 


1*048 

4*34 

2*53 

2*04 

31*35 


1*190 

21*51 

1*12 

11*09 

27*91 


1*215 

23*66 

1*05 

5*39 

43*86 


1-281 

31*01 

0*62 

14*10 

31*03 

-JtLgijvAg. 

1*391 

40*39 

0*45 

24*28 

22*89 



42*60 

0*68 

20*13 

30*03 


1*434 

43*70 

0*68 

16*11 

35*78 j 


1*504 

48*08 

1*27 

45*62 

13*59* 

1*516 

48*51 

1*20 


\ 



48*89 

Ml 

54*43 

10*49 



51*52 

0*23 

57*81 

12*70 



55*37 

a ® 

58*12 

7*50 



56*99 

oa . 



►bpo 4 . 


58*35 

I s ! 

62*73 

15*9 


1*645 

58*68 

Ill 

62*81 

15*02 



62*81 

lo* 

64*06 

8*95 


1*722 

63*43 

Ss 

64*40 

7-94J 



* Apparently point of inversion. 


Fig. 2. 



been unsuccessful, BP0 4 retains the viscous supernatant liquid 
very strongly and is rapidly attacked by atmospheric moisture. 
It appears to be a white, finely-divided powder. 

The William Ramsay Inobganic and 
Physical Chemistry Laboratobies, 

UmvERSiTY College, London. [Received, June 1th, 1927.] 
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CCLXXXII .—The Nature of the Alternating Effect in 
Carbon Chains . Part XXI . The Directive Influence 
of the Groups -CH 2 -CH(C0 2 Me) 2 , -CH:C(C0 2 Me) 2 , 
~C(C0 2 Me):CH 2 , and -CH:CH-CH:C(C0 2 Me) 2 in 
Aromatic Substitution. 

By John William Baker and Alfred Ecoles. 

It has already been shown (Baker and Wilson, this vol., p. 842) 
that mechanisms depending on complete co-valency changes 
between the side-chain and the benzene nucleus probably play, at 
the most, a subsidiary part in the propagation of meta-orienting 
influences. Thus, electron attraction due to the integral positive 
charge on the nitro-group is more readily propagated to the nucleus 
in the co-nitroethyl than in the corresponding co-nitrovinyl side-chain. 
In the present communication, an attempt is made to confirm the 
previous conclusion by a study of the nitration of the analogous 
compounds, methyl benzylmalonate (I) and methyl benzylidene- 
malonate (II), in which the #era-dicarbomethoxyl grouping replaces 
the nitro-group of the previous cases. On the view that the meta- 
orienting influence of the carboxyl group is due to the presence of a 
permanent fractional dipole in the resting state of the group (Baker 
and Ingold, this vol., p. 832), it is to be expected that the effects 
produced would be much smaller in magnitude than those due to 
the integral dipole charge on the nitro-group. 

Again, however, on any mechanism of meta-substitution which 
depends on the alternation of single and double bonds, a larger 
proportion of meta-nitration should occur in the unsaturated 
compound (II), in which there is an unbroken conjugated system 
extending from the polar group throughout the nucleus, than in 
the corresponding saturated compound (I). Actually, in confirm¬ 



ation of previous results, we find the reverse to be the case, since, on 
nitration, methyl benzylmalonate yields 8% of meta-derivative, 
whilst methyl benzylidenemalonate yields only 3%.* Thus, here 


* This value is somewhat higher than that expected (1—2%), It is 
possible that addition of nitric acid to the double bond precedes nitmtion a^; ! 
slightly increases the proportion of xneta-isomeride produced* y 
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also the electron attraction due to the fractional positive charge 
on the carboxyl groups is neutralised in passing through the field of 
the double bond. 

As in the case of the nitro-compounds previously studied, the 
possibility of the double linki n g itself acting as a dominating electron- 
source towards the nucleus was negatived by a study of the nitration 
of methyl atropate (III), in which the double bond is no longer in 
the path of transmission from the (single) carbomethoxyl group. 
We find that, on nitration, this ester yields about 5% of meta- 
isomeride, although, owing to the small amount of material available, 
the figure must be considered as approximate only. 

^ \>(£=CH 2 <^^>-CH:CH-CH:C(C0 2 Me) 2 CH—CH 

s +c=o«- (IV,) 

1 ' OMe (V.) 

One other case was investigated, viz., that of methyl cinnamyli- 
denemalonate (IV). The point of interest here is that there might 
be the possibility of valency tautomerism in the side-chain leading 
to the cyclic form (V), in which electron-strain might conceivably 
be transmitted to the nucleus through two carbon atoms only, via 
the a: $ partial valency, and the proportion of m-isomeride produced 
might then be more or less comparable with that obtained on nitra¬ 
tion of methyl benzylmalonate. Actually, however, we find no 
evidence of this type of transmission, since the proportion of 
m-isomeride produced is less than 1%. The electron attraction of 
the carbomethoxyl group is thus completely neutralised by the 
fields of the unsaturated chain in (IV). 

Experimental, 

A. Preparation of Materials. 

Methyl Benzylidenemalonate .—This was obtained by the con¬ 
densation of beuzaldehyde and methyl malonate, as described by 
Claisen and Crismer for the ethyl ester {Annalen, 1883, 218, 132; 
compare Liebermann, Ber., 1894, 27, 289). The product had b. p. 
174—177715. mm., m. p. 41° (Found: C, 65*6; H, 5 5. Calc.: 
C, 65*4; H, 5-5%). 

The methyl o-, m-, and p-nitrobenzylidenemalonates were obtained 
by the condensation of the appropriate nitrobenzaldehyde with 
methyl malonate in the presence of piperidine as a condensing agent 
(<K>mpare Knoevenagel, Per., 1898, 31, 2593). 

Methyl p - NitrobenzyliderieTmlonate .—A mixture of p-nitro- 
7 benzaldehyde (7*6 g.}, methyl malonate (6*6 g.), and two drops of 
lipiperidine was, heated to 60° for 6 hours. On cooling, the mixture 
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solidified, and the nitro-ester was recrystallised from hot alcohol; 
needles, m. p. 136—137° {Found: 0, 54*4; H, 4*2. C 12 H n O 6 N 
requires 0, 54*3; H, 4*2%). The yield is quantitative. 

Methyl m«nitrobenzylidenemalomte , prepared similarly but in 
smaller yield from w-nitrobenzaldehyde, has m, p. 99—100° (Found: 
C, 54*2; H, 4*2%). 

Methyl o-nitfobenzylidmemal(ma^ m. p. 65—66° (Found: 0, 
54*3; H, 4*3%). 

Methyl benzylmalonate was prepared by esterification of the 
pure acid with methyl alcohol and hydrogen chloride. 

Methyl o-Nitrobenzylmalonate .—o-Nitrobenzylmalonic acid 
(Reissert, J5er., 1896, 29, 644) was esterified through its silver salt. 
The methyl o-nitrobenzylrmlonate was obtained as a pale yellow, 
viscous oil, which did not solidify on cooling to —10°, and could not 
be purified by distillation (Found: C, 53*8; H, 5*1. C 12 H 13 0 6 N 
requires C, 53-9; H, 4*9%). On oxidation with boiling 2% per¬ 
manganate, it gave an acid product contaminated with gummy 
material in 73*3% yield (calculated as o-nitrobenzoic acid). By 
crystallisation from ether, this was shown to contain o-azoxybenzoic 
acid. Reissert (loc. cit.) records the formation of the latter compound 
by the oxidation with permanganate of 1 -hydroxymdole-2-carboxylic 
acid formed from o-nitrobenzylmalonic acid by the action of potash. 

Methyl m-Nitrobenzylmabnate .—To a solution of 4*6 g. of sodium 
in 50 g. of methyl alcohol, 26*4 g. of methyl malonate were added, 
quickly followed by a saturated solution of 17*15 g. of m-nitro- 
benzyl chloride in methyl alcohol; the mixture was heated on the 
steam-bath for \ hour and filtered from sodium chloride and the 
methyl di~m~nitrobenzylmalonate formed as a by-product. The salt 
was extracted with cold water, and the dried residue crystallised 
from benzene; m. p, 162—162*5° (Found: 0, 56*9; H, 4*6. 
9i9 H i8°A requires C, 56*7; H, 4*5%). The alcoholic mother- 
liquor was concentrated, poured into water, and extracted with 
ether. After drying the extract and evaporating the ether, the 
excess of methyl malonate was separated by distillation under 
reduced pressure. The residue, which cannot be distilled without 
decomposition, was dissolved in alcohol, and the solution saturated 
with ammonia, After standing for several days, m-nitrobenzyU 
malonamide separated as a flocculent precipitate. After several 
crystallisations from water, it had m. p. 203° (Found, by micro- 
combustion: 0, 51*0; H, 4*4. requires 0, 50*6; 

H, 4*6%). The amide was hydrolysed by heating at 100° with a 
slight excess of 10% caustic soda. On acidification of the cootei i 
solution, m»nitrobenzylmalonic acid separated, and after crysteJ0B^i|| 
ation from water it had m. p. 164° (decomp.) (Fo und ,; 
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combustion: C, 50*5; H,4*0. C 10 H 9 O 6 Nrequires C, 50*2; H, 3*8%). 
A further small quantity of the acid may be obtained by extracting 
the mother-liquors with ether. The yield of recrystallised acid was 
2 g. Conversion of the crude methyl w-nitrobenzylmalonate into 
the amide is necessary, as treatment of the ester itself with alcoholic 
potash yields a very tarry product. The m-nitrobenzylmalonic acid 
was esterified through its silver salt, and methyl m-nitrobenzyl- 
malonate obtained as a pale yellow, viscous oil, which did not 
solidify on cooling to —10° (Found : C, 54*2; H, 5*1%). On 
oxidation with boiling 2% potassium permanganate, it gave m-nitro- 
benzoie acid, m. p. 139°, in 90% yield. 

Methyl %-nitrobenzylrwlonate , m. p. 82*5—83*5° (Found: C, 
53*85; H, 5*0%) was isolated from the reaction products by 
crystallisation from methyl alcohol (compare Section C). On 
oxidation, it gave p-nitrobenzoic acid, m. p, 237—239°, in 99% 
yield. 

Methyl Cinnamylidenemalonate .—This was obtained by esteri¬ 
fication of the acid (compare Liebermann, Ber. } 1895, 28, 1439) 
by the method of Thiele and Meisenheimer {Annalen, 1899, 306, 
253) and had m. p. 67° (Found : C, 68*1; H, 5*9. Calc.: C, 68*3; 
H, 5-7%). 

The isomeric nitro-derivatives were prepared by condensation 
of the appropriate nitro-cinnamaldehyde with methyl maJonate 
in the presence of piperidine. 

Methyl m-Niirocinnamylidenemalonaie. —A mixture of 8*85 g. of 
m-nitrocinnamaldehyde (Kinkelin, Ber., 1885, 18, 484), 6*6 g. of 
methyl malonate, and two drops of piperidine was heated to 60—70° 
for 5 hours. The cooled mixture, when treated with a few c.c. 
of ether and scratched, partly solidified. The separated crystals 
were washed with ether, recrystallised from alcohol, and obtained as 
feltedneedles,m.p. 125—126°(Found : C,57*9; H,4*6. C 14 H 18 0 6 N 
requires C, ,57*7; H, 4*5%). The yield was small (about 15%). On 
oxidation with potassium permanganate, it gave m-nitrobenzoic 
acid, m. p, 129—132° (mixed m. p. 136—139°) in 76% yield. 

Methyl o-nitrocinrmmylidenermhnate, obtained in a similar 
maimer from o-nitrocinnamaldehyde, and crystallised from methyl 
alcohol, had m. p. 114° (Found, by micro-combustion: C, 57*7; 
H, 4*6%). On oxidation it gave o-nitrobenzoic acid, m. p. 133—137° 
(mixed m. p. 139—141°), in 80% yield. 

Methyl p- niirocmnamylidemmatomte has m. p. 146—147° after 
crystallisation from methyl alcohol (Found: C, 57*8; H, 4*7%). 
v On oxidation it gave p-nitrobenzoic acid, m. p. 229—231°, in 77% 

|| . 

Methyl Atr&pate .—Tropic acid was converted into atropic acid by 
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the method of Hesse (J. pr. Chem 1901, 64, 287), who, however, 
gave no details. The tropic acid (10 g.) was refluxed with 60 c.c, 
of a 50% aqueous solution of potassium hydroxide for 40 minutes, 
the solution extracted with ether, acidified with hydrochloric acid, 
and again extracted with ether. The crude atropic acid obtained 
from this dried ethereal extract was purified by crystallisation 
(twice) from dilute alcohol. The acid (4*5 g.) was dissolved in a 
large volume (1200—1500 c.c.) of very dilute ammonia solution, 
boiled to expel the excess of ammonia, and a slight excess of a hot 
solution of silver nitrate added. On cooling, the silver salt crystal¬ 
lised out, and was filtered and washed in succession with water, 
alcohol, and ether. Treatment of the dry silver salt with an excess 
of methyl iodide yields the methyl atropate in an almost pure state 
as a colourless, mobile liquid, b. p. 95—98°/6 mm. (Found : C, 73*6; 
H, 6*2. C 10 H 10 O 2 requires C, 74*1; H, 6*2), which polymerises on 
keeping. 

B. Conditions of Nitration . 

In all cases, the ester was slowly added at the rate of 1—2 g. per 
hour to about 10 times its quantity of nitric acid (d 1*49) at —15— 
—10°. Isolation of the product was effected by pouring on crushed 
ice, exactly neutralising the solution, first with 10% sodium hydr¬ 
oxide solution and finally with sodium carbonate solution, filtering 
off any solid product, and extracting the mother-liquors with ether. 
Special precautions were necessary in the case of methyl cinnamyli- 
denemalonate, (see Section 0). 

C. Details relating to Individual Cases and Determination of the 
Proportions of the Isomerides formed . 

Since the methods employed in the separation of the isomerides 
are those which have been described in detail in earlier papers in 
this series, details of procedure are omitted in the following pages. 

Nitration of Methyl Benztjlmalonate .—In this case, it was found 
that the yield of mixed acids obtained by oxidation of the nitration 
mixture was only about 80—85% of that calculated from the 
percentage oxidation yields of the pure isomerides (compare 
Section A) and their estimated relative proportions. This may be 
due to the o-nitrobenzylmalonate being converted into an indole 
derivative under the influence of alkali (Reassert, loo . cit .; compare 
p. 2127). The proportion of m-nitro-ester in the nitration mixture, 
as calculated from the quantity of m-nitrobenzoic acid isolated, is 
probably too low, since the total oxidation yield is less than the 
calculated yield, but it is still considerably greater than that present 
in the nitration of the benzylidenemalonate. The authors sre ^ 
the opinion that the percentage of m-nitrobenzoic acid isolated M $ 
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the mixed acids obtained on oxidation represents fairly closely the 
proportion of meta-derivative formed by nitration. The presence 
of the azoxybenzoic acid did not interfere with the separation of 
the mixed acids, except that sometimes it was found necessary to 
crystallise the £>-acid from water. 

(Expt. 31.) The yield of monomtro-eompounds was 93% 
(Found: C, 53*4; H, 4*9. Calc, for C 12 H 13 0 6 N: C, 53-9; H r 
4-9%), a further 2% of the material being accounted for as acid 
products produced by oxidation. On oxidation, the mixed nitro¬ 
compounds yielded acids in 70% yield, which on separation by the 
usual method gave nitrobenzoic acids thus: para-, m. p. 234° 
(either alone or mixed), 70-4%; meta-, m. p. 128—135° (mixed 
m. p. 141°), 7-5%; ortho- (by difference), 22*1%. 

A second portion of the same nitration product was crystallised 
from methyl alcohol, whereby 58*8% of practically pure methyl 
p-nitrobenzylmalonate, m. p. 82°, was isolated. On oxidation of 
the residue, some accidental loss occurred and only a 64% yield of 
mixed nitrobenzoic acids was obtained; these comprised: para-, 
m. p. 220—223°, 30%; meta-, m. p. 124-127° (mixed m. p. 138°), 
16*5%. Hence the composition of the whole nitration mixture was ; 
para-, 71*3%; meta-, 6*8%; ortho- (by difference), 21*9%. 

(Expt, 33.) The yield of mono-nitration products was 93% 
(Found: G, 54*2; H, 4*9%), from which 56% of pure methyl 
p-nitrobenzylmalonate was isolated by crystallisation. The resi¬ 
dues gave a mixture of acids ( M , by titration, 165) in 72% yield, 
which on separation was found to contain : para-, m. p. 233—235°, 
19*2%; meta-, m. p. 123—128° (mixed m. p. 133—137°), 20*9%; 
ortho- (by difference), 59*9%; whence the composition of the 
nikation mixture was: para-, 64%; meta-, 9%; ortho- (by 
difference), 27%. 

(Expt. 34.) The yield of mono-nitration product was 95% 
(Found; 0, 53*3 ; H, 4*9%), which on oxidation gave a mixture of 
nitrobenzoic acids {M, by titration, 169) in 77% yield; this on 
separation was found to contain: para-, m. p. 210—215° (mixed 
m . p , 227—229°), 68*6%; meta-, m. p. 122—125° (mixed m. p. 
135—137°), 8*4%; ortho- (by difference), 23%. 

(»a®t. 35.) Nitration yields, 95% (Found : 0, 53*9; H, 5*1%), 
On oxidation the nitration mixture gave acids in 71% yield, which 
on separation gave: para-, m. p, 236° (alone or mixed), 68%.; 
meta-, m, p. 126—128° (mixed m. p, 138—140°), 7-0%; ortho- (by 
|^,§feren0e), 25%. 

was96% (Found: 0,'53^ H*4*2 Calc. : 

H, 4-2%). The whole product was oxidised with 2%. 
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potassium permanganate and gave nitrobenzoie acids in 93% 
yield (Jf, by titration, 164), the bulk of the ^-nitrobenzoie acid being 
allowed to crystallise out in the pure state. Separation by the 
usual methods gave; para-, m. p. 235° (alone or mixed), 67%; 
impure meta-, m. p. 104—110°, 5*8%. The meta-acid was re¬ 
crystallised from a small quantity of ethyl acetate-ligroin, and a 
quantity corresponding to 24%, m. p. 122—126° (mixed m. p. 
133—138°) was obtained. Hence the composition of the nitration 
mixture is; para-, 67%; meta-, 24%; ortho- (by difference), 
30*6%. 

A second portion of the nitration product was crystallised from 
absolute alcohol before oxidation, and 61% of pure methyl 35 -nitro* 
benzylidenemalonate, m. p. 134° (either alone or mixed with a 
synthetic specimen), separated out. The residue from the mother- 
liquor on oxidation gave nitrobenzoie acids in 96% yield (Jf, by 
titration, 168*5), which on separation gave a further 5*2% of p- 
and 5*3% of m-nitrobenzoic acid, m. p. 113—120° (both calculated 
on whole nitration product); the latter on recrystallisation from 
ethyl acetate-ligroin gave 3%, m. p. 134—136° (mixed m. p. 137— 
139°). Hence the composition of the nitration product was ; para-, 
66*6%; meta-, 3%; ortho- (by difference), 30-8%. 

(Expt. 22.) The yield of mononitration product was 96% 
(Found : C, 54*0; H, 4*2%), which on oxidation gave nitrobenzoie 
acids in 84% yield (if, by titration, 166); these on separation 
gave: para-, m. p, 238°, 67*8%; meta- (after crystallisation), 
m. p. 134—136°, 3*3%; ortho- (by difference), 28*9%. A second 
portion of the nitration product was crystallised from alcohol, and 
65*4% of nearly pure methyl ^-nitrobenzylidenemalonate separated, 
m. p, 133—134° (mixed m. p. with a synthetic specimen, 135—136°), 
The residue on oxidation gave nitrobenzoie acids in 82% yield, 
which on separation yielded a further 2% of para-, m. p. 220—223°, 
and 3% of meta- (after crystallisation), m. p. 133—135° (mixed 
m. p. 137—139°) (both calculated on the whole nitration product). 
Hence the composition of the nitration product is; para-, 67*4%; 
meta-, 3*0%; ortho- (by difference), 29*6%. 

Nitration of Methyl Atropaie ,—(Expt. 41.) The yield of mono- 
nitro-products was theoretical (Found ; 0, 57*4; H, 4*5. Calc, for 
: 0, 57*9; H, 4*4%), and crystallisation from absolute 
methyl alcohol gave 16*3% of pure methyl p -nitroatropate, m. p, 110° 
(unchanged by further crystallisation). The residue from the mother* 
liquor on oxidation gave nitrobenzoie acids in 85% yield (M t 173; 
benzoic acid, by sublimation, 3%), which on separation tvere found 
to contain 44% of j^nitrobenzoic acid, m. p. 220 p (mixed m* 

221—225°), and 9% of m-nitrobenzoic acid. The latter! 
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was slightly sticky, and was therefore converted into its methyl 
ester through the acid chloride, and the residue washed with a 
drop of methyl alcohol on porous porcelain; the residual ester 
had m. p. 75—78° (mixed m. p. 78°, with a synthetic specimen of 
methyl m-nitrobenzoate). Hence the composition of the nitration 
product is: para-, 16*3% + (44% of 83*7%) = 53%; meta-, 
approx. 9% of 83-7% = approx. 7%; ortho- (by difference), 40%. 

4 (Expt. 42.) The yield of mononitro-product was 99% (Pound : 
C, 57*4; H, 4*7%), which was completely oxidised to the mixed 
nitrobenzoic acids. These, on separation, gave para-, m. p. 220— 
222° (alone or mixed with a genuine specimen), 57%; meta-, m. p. 
110—115° (mixed m. p. 133—135°), 4*7%; ortho- (by difference), 
39*3%. 

Nitration of Methyl Cinnamylidenemalonate .—In a preliminary 
experiment, the nitration product, on being poured on ice, gave a 
yellow, floeeulent solid, which became sticky on filtering, and on 
drying overnight in a vacuum desiccator over phosphoric oxide 
decomposed to a semi-solid gum. The whole product was therefore 
oxidised with potassium permanganate, but gave only a 69% 
yield of mixed nitrobenzoic acids. On separation, this was shown 
to contain less than 2% of the meta-derivative. Under the following 
conditions, however, it was found possible to isolate the solid 
nitration product. 

(Expt. 12.) The nitration was carried out with nitric acid 
(d 1*46), and the product was poured on ice, partially neutralised 
with a 10% solution of sodium hydroxide, and the separated solid 
rapidly filtered through a Buchner funnel surrounded with ice. 
After being washed with ice-cold water, the solid was quickly 
transferred to a vacuum desiccator over phosphoric oxide, and when 
dry was found to be quite stable. The aqueous mother-liquor and 
washings were extracted with ether, the ether extract washed five 
times with 2^ r -sodium carbonate solution, dried over calcium 
chloride, and the ether evaporated at the ordinary temperature. 
The yield of mono-nitration product was 103% (slight dinitration) 
(Found: C,56*6; H,4*5. Calc.for C 14 H 13 0 6 N : C,57*7;H,4*5%). 
After two recrystallisations from methyl alcohol, 33*3% of practically 
pure methyl j?-nitrocinnamylidenemalonate, m. p. 139—143°, 
separated, which after crystallisation from ethyl acetate-ligroin 
had m, p. 146°, either alone or mixed with a synthetic specimen. 
The residue from the combined mother-liquors was oxidised with a 
boiling 2% solution of potassium permanganate, and gave nitro¬ 
benzoic acids in 78% yield [M t by titration, 165). On separation, 
this fraction gave 9*5% of p-nitrobenzoic acid, whilst the meta- 
X isomeride present was less than 1*5%, since only a negligible quantity 
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of the meta-barium salt crystallised out, the amount present, there¬ 
fore, only being represented by the solubility correction. The com¬ 
position of the nitration product was thus : para-, .33*3% + (9*5% 
of 66*6%) = 40% ; meta-, <1%; ortho- (by difference), 59%. 

Summary. 

Proportion of 




isomerides present, 

Mean % of 

Substance nitrated. 
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CCLXXXIII.—1 -Phenyl A-amino-b-hetopyrazoline-S - 
carboxylic Acid. 

By Frederick Daniel Chattaway and William Gerald 
Humphrey. 

Although it is well established that under the influence of acids, 
diketosuccinic acid phenylosazone is converted into 1-phenyl- 
4 : 5-diketopyrazoline-3-carboxylic acid 4-phenylhydrazone (I), the 
reduction of this compound to l~phenylA-amino-5~ketopyrazoline» 
S-carboxylic acid (II) has never been satisfactorily effected (compare 
Bemthsen, Chem.-Ztg 1898, 457; Eibner and Laue, Bar 1906, 39, 
2022). If, however, reduction is effected by using the theoretical 
amount of sodium amalgam, and the amino-acid is liberated in the 
presence of some excess of sulphur dioxide (to prevent oxidation), 
it can be isolated in a pure condition. 

l-Phenyl-4-amino-5-ketopyrazoline-3-carboxylic acid is a white, 
crystalline solid of neutral reaction. It is very sparingly soluble in 
all ordinary organic solvents, but dissolves:readily both-in; aqueot^>; 
acids and in alkalis, such solutions oxidising rapidly in presence■$f|i 
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air, especially when warm. Alkaline solutions are the more readily 
oxidised, giving a silver mirror- with ammoniacal silver oxide, and 
precipitating cuprous oxide from warm Fehling’s solution. Acid 
solutions reduce ferric chloride and potassium permanganate in the 
cold. 

It combines with 1 mol. of hydrogen chloride yielding a com¬ 
paratively stable hydrochloride , which, however, turns violet on 
exposure to air. With acetic anhydride it gives a soluble, well- 
crystallised acetyl derivative of marked acid character. With 
benzoyl chloride it yields a dibenzoyl derivative, and on boiling this 
for a short time with alcohol containing a little hydrogen chloride, 
it is converted into ethyl benzoate and the ester of a monobenzoyl 
derivative (IV), identical with the compound obtained by Wis- 
licenus by boiling ethyl oxalylhippurate phenylhydrazone (V) with 
acetic acid (Ber., 1891, 24, 1260). 

l-Phenyl-4-amino-5-ketopyrazoline-3-carboxylic acid may be 
obtained in several other ways. For example, it is formed when the 
alkaline solution of amino-oxalacetic acid phenylhydrazone (VII), 
obtained by partial reduction of anhydrodiketosuccinic acid phenyi- 
osazone (VI) by sodium amalgam, is acidified, ring closure occurring 
under the influence of acids, just as in the case of diketosuccinic 
acid phenylosazone. 

The amino-ketopyrazoline has also been prepared by reduction 
of the corresponding oximino-compound (IX), obtained by the 
action of nitrous acid on l-phenyl~5-ketopyrazoline-3-carboxylic acid. 
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The aetion of bromine upon. 1 -phenyl-4:5-diketopyrazoline- 
‘^Mtoboxylio acid 4-phenylhydrazone has been re-examined and 
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the product shown to be 1-phenylA : 5-diketopyrazoline-Z-carboxylic 
acid 4:-p-bromophenylhydrazone, since on reduction it yields $>-bromo- 
aniline and l-phenyl-4-amino-5-ketopyrazoline-3-earboxylic acid. 
This constitution has been confirmed by its synthesis from 1-phenyl- 
5-ketopyrazoline-3-carboxylic acid and p-bromobenzenediazonium 
chloride. 

Anhydrodiketosuccinic acid phenylosazone, like the corre¬ 
sponding halogenated derivatives (Chattaway and Humphrey, 
this vol., p. 1327), reacts with alcohols containing hydrogen chloride 
to give esters of the isomeric pyrazoline derivative. Several of 
these esters have been prepared, and it is noteworthy that the 
n-propyl and n-butyl esters have almost the same melting points. 

Experimental. 

Reduction of 1-Phenyl A : 5-diketopyrazoline-3~carboxylic Acid 
4- Phenylhydrazone (I) to 1 -PhenylA-amino-S-ketopyrazoline-3-curb - 
oxylic Acid (II).—17 G. of the phenylhydrazone were dissolved in 
500 c.c. of a hot 1% solution of sodium hydroxide and placed in a 
wide-necked bottle closed by a cork, through which passed a wide 
glass tube reaching to the surface of the liquid and loosely stoppered 
at its upper end. The bottle was placed in a freezing mixture until 
about half of the liquid had frozen, and the air above the liquid 
was displaced by loosening the cork and passing a rapid stream of 
hydrogen down the tube. Successive small quantities of 2|% 
sodium amalgam were then introduced down the tube, and the 
mixture was vigorously shaken after each addition until the solu¬ 
tion just became colourless and turbid due to the separation of 
aniline; about 250 g. of amalgam were required, and the reduction 
occupied 2~3 hours. The mixture was poured immediately into 
800 c.c. of 2£% sulphuric acid (saturated with sulphur dioxide) and 
cooled to 0°. The l-phenylA-amino^ketopyrazoline-S-carboxylic 
acid at once separated as a white, crystalline precipitate. It was 
filtered off immediately, washed thoroughly with air-free water, 
alcohol, and ether, and dried in a vacuum desiccator over calcium 
chloride; yield, 10 g.; m, p. 225° (decomp.; with darkening from 
215°) (Found; C, 54-6; H, 3-9; N, 18-8. C X0 H 9 Q 3 N 3 requires 
0, 54*8; H, 4-1; N, 19-2%). This acid is comparatively stable 
when dry, but slowly oxidises and turns brownish-pink on keeping. 
It is very sparingly soluble in water or ether, and only sparingly 
soluble in boiling alcohol, benzene, chloroform, or acetone; such 
solutions rapidly oxidise and turn brown on exposure to air; it 
was therefore impossible to purify the compound by crystallisatiom 

The hydrochloride separates on cooling a hot saturated solution 
of the amino-ketopyrazoline in concentrated . hydrooWbrio.,: !|§§§ii 
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It forms long, colourless prisms which begin to darken and decom¬ 
pose at 160°; it is fairly stable when dry, but its aqueous solution 
darkens on keeping and the crystals themselves slowly become 
pale violet (Found: C, 13*7. C 10 H 10 O 3 N 3 Cl requires d, 13*9%). 

Acetyl derivative . l-Phenyl-4-amino-5-ketopyrazoline-3-carb- 
oxylic acid dissolves apparently unchanged in boiling acetic 
anhydride, the solution rapidly turning dark reddish-brown owing 
to oxidation. On adding a drop of concentrated sulphuric acid, a 
vigorous reaction occurs; on adding a few drops of water and 
cooling, the acetyl compound crystallises out. It is easily soluble 
in hot acetic acid, from which it separates in long, colourless prisms, 
m. p. 216° (Found: C, 55*0; H, 4*2; N, 16*0. C 12 H n 0 4 N 3 
requires C, 55*2; H, 4*2; N, 16*1%). 

Dibenzoyl derivative (III). When an alkaline solution of 1-phenyl- 

4- amino-5-ketopyrazoline-3-carboxylic acid is shaken with excess of 
benzoyl chloride, it is converted into a dibenzoyl derivative. The 
same compound is more readily prepared by heating the amine 
(2 g.) with benzoyl chloride (3 c.c.) until hydrochloric acid is no 
longer evolved, cooling, and adding ether. It was recrystallised 
from boiling acetic acid, in which it is easily soluble and from 
which it separates in long, colourless prisms, m. p. 205° (Found : 
C, 67*7; H, 3*9; N, 10*0. C 24 H 17 0 5 N 3 requires C, 67*5; H, 4*0; 
N, 9*8%). 

Ethyl ester of l-phenylA-benzamido-S-lcetopyrazoUneS-carboxylic 
acid (IV). When the dibenzoyl derivative (III) is boiled for a short 
time with alcohol containing 1% of hydrogen chloride, an ethyl 
group is introduced and one benzoyl group removed. The bright 
yellow solution thus obtained smells strongly of ethyl benzoate, 
and on cooling, the ethyl ester separates in long, slender, canary- 
yellow prisms, m. p. 195° (Found : N, 12*1. C 19 H 17 0 4 N 3 requires 
N, 12*0%). 

Preparation of l-Phenyl-4:-amino-5~lcetopyrazoline-Z-carboxylic Acid 
by Reduction of Anhydrodilcetosuccinic Acid Phenylosazone.—The 
reduction of anhydrodiketosuccinic acid phenylosazone proceeds 
in two stages. The reduction by alkaline reducing agents of one 
phenylhydrazone group must first give amino-oxalacetic acid phenyl¬ 
hydrazone; this, however, cannot be isolated, for on acidification 
ring closure and pyrazoline formation occur and l-phenyl-4-amino- 

5- ketopyxazoline-3-carboxylic acid is produced. This change was 
to be expected, since the disodium salt of the osazone is itself con¬ 
verted quantitatively into a pyrazoline derivative on acidification. 

The reduction of both phenylhydrazone groups by alkaline reduc¬ 
ing agents yields the two stereoisomeric diaminosuccinic acids 
Which separate when the solution is acidified. These compounds 
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were prepared by Farchy and Tafel by reduction of the osazone 
(Ber., 1893, 26, 1980). 

Partial reduction, A fine suspension of 17 g. of anhydrodiketo- 
succinic acid phenylosazone in 500 c.c. of 1% sodium hydroxide 
solution was cooled in a freezing-mixture and treated with suc¬ 
cessive small quantities of 2|% sodium amalgam in the apparatus 
described above, until the yellow colour had just disappeared; 
about 250 g. of the amalgam were required. The colourless liquid 
was then decanted from the remaining mercury and slowly poured 
into 800 c.c. of ice-cold 2£% sulphuric acid saturated with sulphur 
dioxide; l-phenyl-4-amino-5-ketopyrazoline-3-carboxylic acid then 
separated as a white precipitate which was filtered of, washed, and 
dried as before; yield, 9 g. It was shown to be identical with the 
compound previously described, since it melted at 215—225° with 
complete decomposition, and yielded an identical acetyl derivative, 
m. p. 216°, 

Complete reduction. A fine suspension of 19 g. of the anhydride 
in 500 c.c. of a 1% aqueous solution of sodium hydroxide was 
cooled and reduced with a considerable excess of 2-|% sodium 
amalgam (650 g.) in the manner described by Farchy and Tafel for 
the corresponding osazone. From the alkaline solution thus 
obtained, the two stereoisomeric diaminosuccinic acids were isolated 
and purified in precisely the same manner as described by Farchy 
and Tafel. The two isomerides were identified by conversion to 
their dibenzoyl derivatives; the dibenzoyl derivative of the meso- 
modification melts with decomp, at 213°, and that of the r-acid at 
183°. 

1 -PhenylA-oximino- 5 - ketopyrazoline-Z - carboxylic A cid (IX).—10 G. 
of l-phenyl-5-ketopyrazoline-3-carboxylic acid (prepared from 
ethyl oxalacetate phenylhydrazone, as described by Wislicenus, 
Annalen, 1888, 246, 319) and 6 g. of sodium nitrite were dissolved 
in 150 c.c. of 30% aqueous potassium hydroxide; the solution was 
cooled to 0° and added slowly to 200 c.c. of 10% hydrochloric acid. 
The oximino-compoxxnd separated as a red precipitate, which after 
12 hours was filtered off and crystallised from acetic acid, in, which 
it is easily soluble, and from which it separates in glittering, red, 
slender prisms, m. p. 209° (decomp.); yield, 9 g. (Found : N, 17*8. 
C 10 H 7 O 4 N 8 requires N, 18*0%). 

When reduced it yields l-phenyl-4-amino-5-ketopyrazoline- 
3-carboxylic acid. A solution of 2 g. of the oximino-compound in 
100 c.c. of a 1% aqueous solution of sodium hydroxide was cooled 
in a freezing mixture and reduced with 40 g. of 2 J% sodium amalgam* 
The colourless solution was then poured into 120 c.c. of 3% sd* 
phuric acid, saturated with sulphur dioxide. The ammo-koto* 
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pyrazoline separated as a white, crystalline powder, which was 
filtered off, washed, and dried as before. Yield 1*7 g. It was 
identified by its acetyl derivative, m. p. 216°. 

Bromination of l-Phenyl A: 5-diketopyrazoline-S*carboxylic Acid 
4-Phenylhydrazone .—In view of recent work on the bromination of 
phenylhydrazones (J., 1925, 127, 975, 1687, 2407; this vol,, 
p. 1323), it was of interest to determine to what extent bromine 
would enter, the phenylhydxazone residue in 1-phenyl-4: 5-diketo- 
pyrazolme-3-earboxylic acid 4-phenylhydxazone. 6 G. (1 mol.) of 
the hydrazone were suspended in 400 c.c. of glacial acetic acid 
containing 4 c.c. (4 mols.) of bromine, and boiled for 8 hours. 
Hydrogen bromide was evolved, and on cooling, the bromination 
product separated as a yellow solid. It was crystallised from 
boiling acetic acid, in which it is sparingly soluble, and from which 
it separates in short, yellow prisms, m. p. 258° (decomp.). Yield, 
6 g. (Found : Br, 20*6. C 16 H n 0 3 N 4 Br requires Br, 20*7%). 

The bromine was shown to have entered the para-position by the 
production of p-bromoaniline on reduction : 5 G, of the bromination 
product were dissolved in 150 c.c. of 1 % aqueous sodium hydroxide 
and reduced as before with 80 g. of 2|% sodium amalgam; when 
this was poured into 200 c.c. of 2|% sulphuric acid, saturated with 
sulphur dioxide, l-phenyl-4-amino-5-ketopyrazoline-3-car boxylic 
acid separated as a white precipitate (yield, 2 g.; acetyl derivative, 
m. p. 216°). The acid filtrate was concentrated, made alkaline 
with caustic soda and steam-distilled. p-Bromoaniline (m. p, 63°) 
distilled over, and was identified by conversion to its acetyl deriv¬ 
ative, m. p. 167°. 

The constitution of the bromination product was further estab¬ 
lished by its synthesis from l-phenyl-5-ketopyrazoline-3-carboxylic 
acid by the action of p^bromobenzenechazonium chloride* 2 G. of 
p-bromoaniline were suspended in 3*5 c.c. of concentrated hydro¬ 
chloric acid and diazotised with 1 g. of sodium nitrite in 25 o.o. of 
water; the small excess of nitrous acid was removed by bubbling 
air through the solution, which was then added to a solution of 2 g. 
of l-phenyl^5-ketopyra^oline-3-carboxylic acid in 100 c.c. of a 
2% aqueous solution of potassium hydroxide. l-Phenyl-4 : 5-di- 
ketopyrazoline-3-carboxyIic acid 4-p-bromophenylhydrazone separ¬ 
ated as a yellow precipitate, which, after the addition of excess of 
hydrochloric acid, was filtered off, washed with hot alcohol, and 
crystallised from acetic acid. It melted at 258° (decomp.) and was 
identical in all respects with the compound obtained by the direct 
^.broimnation (above). * 

|| In the course of this investigation, several esters of 1-phenyl- 
g : 5-dik^Jopyrazoline-3-carboxylic acid 4-phenylhydrazone have 
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been prepared by the action of alcohols containing hydrogen chloride 
on anhydrodiketosuccinic acid phenylosazone, The methyl ester, 
obtained by boiling the phenylosazone (2 g.) for 24 hours with 
methyl alcohol (30 g.) saturated with dry hydrogen chloride, 
crystallises from alcohol, in which it is easily soluble, in fine, yellow 
needles, m. p. 138° (Found: N, 17*4. C 17 H 14 0 3 N 4 requires N, 
174%). The ethyl ester (Wislicenus and Scheidt, Ber., 1891, 24, 
4210), m. p. 153°, is obtained in a similar manner. The n -propyl 
ester crystallises from acetic acid, in which it is easily soluble, in long, 
deep yeUow prisms, m. p. 116*5° (Found : 0,65*0; H, 4*9; N, 16*1. 
C 19 H 18 0 3 N 4 requires C, 65-1; H, 5*1; 1ST, 16*0%). The n-butyl 
ester crystallises from acetic acid in long prisms, not quite so deep 
in colour as those of the n-propyl ester but melting at practically 
the same temperature, 117° (a mixture of these two esters had 
m. p. 112°) (Found: C, 66*2; H, 5*5; N, 15*5. 
requires C, 65*9; H, 5*5; 1ST, 154%). 

The Queen’s College, Oxeoed. [Received, June 29 th, 1927,] 


CCLXXXIV .—The Action of Hydrogen Iodide on 
Nitroso-compounds. 

By John Campbell Eabl and James Kenner. 

The observation of the ortho-para directive influence of the nitroso- 
group in aromatic substitution was considered by Ingold (J., 1925, 
127, 513) to be in conflict with the theory of induced alternate 
polarity, but a theoretical discussion of the nitroso-group by 
Robinson ( Chem. and Industry, 1925, 44, 456) showed this to bo at 
least not necessarily the case. In addition, it was pointed out 
(Kenner, Tod, and Witham, J., 1925, 127, 2343) that, quite apart 
from any purely theoretical considerations, the well-known liber¬ 
ation of iodine from hydrogen iodide by nitrous acid, by hypoohlorous 
acid, and by hydrogen peroxide is a simple experimental indication 
of possible similarity in polar properties of the nitroso-group, the 
chlorine atom, and the hydroxyl group. The analogy is not perfect, 
since in the case of nitrous acid the primary nitrogenous product 
undergoes a further reaction with formation of nitric oxide, but a 
parallelism also exists between the behaviours of the nitroso-group 
and chlorine, in that each is readily displaced from JV-nitroso- or 
-chloro-amines and -acetanilides (von Peohmann and Frobenius, 
Ber„ 1894,27,651). ; \ : . 

It seemed that further evidence in regard to the nature of titap 
nitroso-group might be obtained from a study - of the aet£ cifc3&p j 
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hydrogen iodide on nitroso-compounds in general. Reference to the 
literature showed that among aliphatic compounds, iodine is liberated 
from hydrogen iodide by the nitrosochlorides of tetramethylethylene 
(I) (Thiele, Ber., 1894, 27, 456) and A 4<8) -menthen-l-ol (y-terpineol) 
acetate (II) (Baeyer, ibid., p. 446). Later, Baeyer showed the 


rn Me 2 C—CMe 2 
NO Cl 


Me 2 (j3—< 
NO < 



Me^—- 

NH-OH 



nitrosobromide of l-bromo-A 4(8) -menthene to be converted into the 
hydroxylamino-derivative (III) by hydrogen bromide, in the 
presence of red phosphorus as an absorbent of the bromine liberated, 
and concluded that the reaction with hydrogen iodide follows a 
similar course. Baeyer observed (be. cit.) that the nitrosochlorides 
of tetramethylethylene and menthenol acetate behaved differently 
towards hydrogen bromide in acetic acid. There is, however, no 
essential difference between the two reactions. The product 
derived from tetramethylethylene nitrosochloride is a basic sub- 
' stance, which, like the compounds examined by Baeyer, loses the 
elements of hydrogen chloride when it is liberated in the presence 
of alkali. The colourless hydrochloride of the resulting unsaturated 
base exhibits reducing properties and its composition corresponds 
with the formula (IV). In further support of the constitution 

Me 2 CCl _ Me 2 CCl _. MeO:CH 2 

Me^C-NO Me 2 C*NH*0H Me 2 C*NH-OH,HCl {TV,) 

assigned to this compound, it was shown to furnish a condensation 
product with salicylic aldehyde, the composition of which was in 
accord with the formula (V) (compare Bamberger, Ber 1894, 27, 
2556). 

MeC:CH 2 OH 
M^C-N—CH—<> (V,) 

\/ / 

There seemed also a possibility that the negative character of 
the nitroso-group might induce positive polarity in the chlorine 
atom, ■which, in the presence of hydrogen iodide, would render it 
liable to displacement by hydrogen. It was, however, shown that 
this does not occur in either of the above instances, since the quantity 
of iodine liberated in the reaction was found to correspond 
approximately with the decrease in the amount of halogen ion 
present in solution. The slight discrepancy was shown to be 
-.attributable to formation of chlorine ions by hydrolytic action, which 
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occurred in absence of hydrogen iodide under otherwise similar 
experimental conditions. 

Since the conditions for the transmission of the influence of the 
nitroso-group to the chlorine atom should be more favourable in the 
aromatic nucleus than in the above compounds, the behaviour of 
jp-chloronitrosobenzene towards hydrogen iodide was investigated. 
Here also reduction occurred, being immediately followed by 
condensation of the hydroxylamine with the nitroso-derivative, so 
that 4:4 / -dichloroazoxybenzene was produced in excellent yield. 
■No elimination of halogen occurred from p-ehloronitrosobenzene or 
from its meta-isomeride under the conditions employed. The 
nitroso-group itself is therefore the sole point of attack by hydrogen 
iodide in such cases. Doubtless its reactivity in the aromatic 
compounds is affected by the position of the chlorine atom, but our 
hopes of demonstrating this relationship could not be realised owing 
to the uncertainty as to the relative proportions of polymerised and 
unpolymerised material present in solution, and to the condensation 
of nitroso- with hydroxylamino-derivatives just mentioned. 

In order further to demonstrate the general character of the 
reaction here discussed, 8-nitroso-S-methylpentan-P-one (VI) 
(Harries, Ber., 1898, 31, 1379), 8-nitrosomenthone (VII) (Harries 
and Holder, Ber ., 1899, 32, 3365), and 4-nitrpsomenthone (VIII) 
(Baeyer, Ber., 1894, 27, 1912; 1895, 28, 1586) were examined 
qualitatively in respect of their behaviour towards hydrogen iodide. 

(VI.) CMe 2 (NO)-CH 2 -COMe Me 2 9-CH<^^l^>CHMe (VII.) 

J^>CHMe (VIII.) 

In each case, iodine was liberated, but the rate of reaction, as in 
other cases, was affected by the degree of polymerisation of the 
nitroso-compounds. 

It may therefore be concluded that nitroso-compounds, in general, 
are reduced by hydrogen iodide to the corresponding hydroxyl- 
amines. The facility with which this occurs is in remarkable 
contrast to the behaviour of carbonyl compounds, with which 
nitroso-compounds are in some respects comparable. The signific¬ 
ance of this contrast will be dealt with in a subsequent paper 
discussing the chemistry of nitroso-compounds. Meanwhile, the 
possibility must be entertained in the case of nitrous acid, also, that 

HO-NO —> HONH-OH (IX.) H-XO (X.) 

the primary action leads to the formation of dihydroxyammonia 
(IX) rather than of nitroxyl (X), as might be anticipated fro m.'^^| ffe 


Me 2 CH-9<£gi 
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analogy between thenitroso- and hydroxyl groups or the chlorine 
atom mentioned at the outset of this paper. This possibility must 
also be regarded as the more probable, when it is recalled that the 
ultimate nitrogenous product of the reaction is nitric oxide, the 
formation of which could be represented by the equation NH(OH) 2 + 
HO-NO—^2NO + 22^0 (compare Raschig, “ Schwefel und Stick- 
stoffstudien,” Leipzig, 1925, p. 19; Angeli and Angelico, Oazzetta, 
1900, 30, i, 593; J3er., 1904, 37, 2390). 

Experimental. 

Reduction of TetramethyUthylene Nitrosochloride by Hydrogen 
Bromide .—A concentrated glacial acetic acid solution of hydrogen 
bromide {42 c.c.) was mixed with red phosphorus (14 g.) and cooled 
in ice-water until crystallisation commenced (12°); tetramethyl- 
ethylene nitrosochloride (7 g.) was then added with thorough 
stirring. The reaction was completed by passing a stream of hydro¬ 
gen bromide into the ice-cooled mixture during a period of 1 hour, 
and stirring for another 2 hours. The liquid was then added to a 
mixture of ice (60 g.) and water (60 g.), and the undissolved material 
filtered off. Benzene (50 c.c.) was added, together with sufficient 
sodium hydroxide solution to render the aqueous layer strongly 
alkaline. The liberated base passed into solution in the benzene, 
and after further extraction of the alkaline solution with benzene, 
the united extracts were shaken four times with hydrochloric acid 
(25 c.c.) diluted with an equal volume of water. The solid residue 
obtained by evaporating the united acid extracts to dryness under 
reduced pressure was purified by filtering its solution in alcohol, 
and again evaporating to dryness. The hydrochloride of $-hydroxyl~ 
amino~$y~dimethyl-AY'butene so obtained (4*5 g.) was further 
purified by recrystallisation from alcohol (Found: N, 9*5; Cl, 
23*1. C e H 18 OWT,Ha require^, 9*2; Cl, 23*2%). The base reduced 
Fehling’s solution in the cold. 

When the hydrochloride (0*8 g.) was dissolved in water (5 c.c.) 
with the addition of crystalline sodium acetate (1*2 g.), salicylic 
aldehyde (0*65 g.), and alcohol (5 c.c.), condensation readily occurred 
at the ordinary temperature. After 19 hours, the mixture was 
poured into ice water, and an oil separated which soon crystallised. 
The solid (0*55 g.) was filtered off, and a further quantity (0*2 g.) 
separated on saturating the filtrate with salt and cooling in ice. 
After one crystallisation from alcohol, the condensation productmelted 
sharply at 53° (Found, by micro-analysis: N, 64. C 13 H 17 0 2 N 

requires 3ST, 64%).; 

Reduction of Tetramethyletfiylem Nitrosochloride by Hydrogen 
^ Iodide. —A solution of the nitrosochloride (0*1355 g.) in pure benzene 



ACTION 03P HYDROGEN IODIDE ON NITROSO-COMPOUNDS. 2143 


(10 c.c.) was shaken with a mixture of an approximately N /5- 
solution of potassium iodide (corresponding to 19*94 c.c. of accurately 
N /5-solution) and an approximately N /2-solution of sulphuric acid 
(20 c.c.). After 3| hours, the benzene layer, which contained the 
bulk of the liberated iodine, was separated, and the aqueous layer 
extracted with benzene until practically colourless. The halogen 
ion in the aqueous solution was then titrated with silver nitrate and 
potassium thiocyanate in the usual way, and found equivalent to 
13-12 c.c. of N /5-solution. The united benzene solutions were 
shaken with excess of standard sodium thiosulphate, the excess being 
titrated with standard iodine. The iodine thus determined corre¬ 
sponded to 7*43 c.c. of N /5-solution. 

It would thus appear that halogen corresponding to 0*61 c.c. of 
^“/5-solution had been furnished by elimination of chlorine from the 
nitrosoehloride. This occurred by hydrolysis, for when a similar 
benzene solution of the nitrosoehloride was shaken for 3J hours with 
dilute sulphuric acid under very similar conditions, the aqueous 
layer contained halogen corresponding to 2*0 c.c, of N /5-solution. 
In this case, of course, there was no decrease in the concentration 
of the nitrosoehloride solution owing to reduction during the 
experiment, so that the amount of hydrolysis is higher than in the 
reduction experiments. 

Beduction of y-Terpinyl Acetate Nitrosoehloride by Hydrogen 
Iodide .—The reaction was slower than in the case of the tetramethyl- 
ethylene derivative so that a higher concentration of the nitroso- 
chloride (0*2466 g. in 10 c.c. of benzene) was employed, and the 
shaking was continued for 5 hours. In other respects, the experi¬ 
mental conditions were similar to those described above. 


Halogen originally present in aqueous solution — 19*94 e.o. 

„ finally „ „ „ „ « 18*75 c.e. 

Iodine liberated = 1*37 c.c, 


Here, again, there is evidence of slight hydrolysis. 

Beduction of Chloronitrosobenzenes by Hydrogen Iodide .—Both the 
m- and p-isomerides were examined in the usual way, 0*6 g. of the 
substance in benzene (10 c.c.) being used, and the shaking being 
continued for 4 hours. 


Halogen originally present in aqueous solution (c.c. of N/5) 
» finally ,, „ ,, », 

Iodine liberated (c.c. of Nj&) .......... 


19*94 19*94 

17*82 18*72 

2*08 1-57 


These results indicate a similarity in behaviour to the two nitroso- 
chlorides, but in neither case was there any evidence of thejremoval 
of chlorine by hydrolysis. 

An attempt was made to modify the reduction in such a way that. 
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the isolation of the reduction products would be possible. For 
, this purpose, it was necessary to introduce some substance to remove 
the iodine as formed. Red phosphorus, mercury, and sodium 
thiosulphate were all successfully employed. Thus a mixture of 
#>-chloronitrosobenzene (1 g.) red phosphorus (1 g.), and glacial 
acetic acid (25 c.c.) was well stirred at room temperature, and 
hydriodic acid (d 1-7; 5 c.c.) added drop by drop during 5 minutes. 
The mixture became warm and a mass of crystalline material 
separated. After a further 5 minutes, water was added, and the 
precipitated material was filtered ofi and washed thoroughly with 
water. The pp'-dichloroazoxybenzene was extracted from the 
residue by repeated maceration with ether, and the solvent allowed 
to evaporate at room temperature. The product so obtained 
(0*83 g.) melted at 153—154°, and at 154° after one recrystallisation 
from alcohol (Found, by micro-analysis: N, 10-7. Calc, for 
C 12 H 8 0N 2 C1 2 : N, 105%). In another experiment the azoxy- 
compound (07 g., m. p. 153°) was obtained from the nitroso- 
derivative (0*85 g.), glacial acetic acid (25 c.c.), mercury (9*5 g.), 
and hydriodic acid (d 1*7 ; 3 c.c.). 

From m-chloronitrosobenzene by means of phosphorus, mm'-di- 
chloroazoxybenzene, m. p. 96°, was obtained (Found: N", 10*1%), 

Action of Hydriodic Acid on the Nitroso-derivatives. —S-Nitroso-S- 
methylpentan-(3-one yielded a colourless solution in acetone, which 
only reacted very slowly at the ordinary temperature with hydriodic 
acid, ✓but when the solution was first warmed until a. definite blue 
colour had developed, and then cooled, liberation of iodine occurred 
much more rapidly. 8-Nitrosomenthone, though blue when first 
prepared, slowly polymerises and therefore also reacts comparatively 
slowly with hydriodic acid in acetone solution. 4-Nitrosomenthone 
# was definitely recognised by Baeyer (be. cit.) to be a bis-compound, 
* but nevertheless has some tendency towards dissociation since its 
solution in xylene became blue when heated. Although no similar 
development of colour occurred in boiling acetone solution, yet 
iodine was slowly liberated when a cold solution in acetone was 
treated with hydriodic acid. 

Note on the Action of Hydriodic Acid on Ether. —Whilst it is w r ell 
known that hydrogen iodide reacts with ethyl ether to form ethyl 
iodide, it is not recorded in the standard work of reference that 
they react in some way at the ordinary temperature with formation 
of iodine. This was observed in connexion with the experiments 
now described, and prevented the use of ether as solvent in cases 
where it would otherwise have been very desirable. The only 
reference to this reaction which we have been able to find is a state¬ 
ment by Hantzsch, who experienced the same difficulty and stated 
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that “ Jodwass erst off in diesem Medium schon duroh unvermeid- 
liche Spuren von Sauerstoff zum Trijodwasserstoff oxydiert wird” 
( Z . Elektrochem., 1923, 29, 232). In a quantitative^experiment with 
ether purified in the usual manner (20 c.c.), aqueous potassium iodide 
solution (JV/S, 20 c.c.), and dilute sulphuric acid (JV/2, 20 c.c.), the 
iodine liberated after some days at the ordinary temperature required 
8'5 c.c. of ^/10-thiosulphate. 

The TJnivebsity, Sydney. [Received, June 27th, 1927.] 


CCLXXXV. — Co-ordination Compounds of Quin - 
quevalent Molybdenum . 

By Robert Gilbert James and William Wardlaw. 

One important result of the application of electronic theories of 
valency to co-ordination compounds has been to indicate the 
relative stabilities of the systems within the co-ordination sphere. 
The marked stability of the ion Mo(CN) 8 "", present in an aqueous 
solution of the complex salt K 4 Mo(CN) 8 , can be readily appreciated 
when it is seen that the effective atomic number of the molybdenum 
is 54—that of the next inert gas—and that the associating units are 
regularly distributed. The stability of complex' salts is not, how¬ 
ever, the same for all associated units, the order of decreasing 
stability being cyanides, fluorides, thiocyanates, chlorides, bromides, 
and iodides, and this third factor must always have consideration. 
In a recent investigation (this vol., p, 512) on the complex chlorides 
of tervalent molybdenum, such as K 3 MoCl 6 and K 2 MoC 1 5 ,H 2 0, it 
was shown that ionisation in dilute aqueous solution produced 
initially four and three ions, respectively, but that the complex ions 
were gradually decomposed. Here, the effective atomic number of 
the metallic atom is 51 and the decreased stability of the complex 
ion MoC 1 6 '", compared with that of the ion Mo(CN) 8 "", is due 
primarily to the smaller number of electrons associated with the 
molybdenum atom, but also to the replacement of the oyanide by 
the chloride radical. With the chlorides of quinquevalent molyb¬ 
denum of- the general formula R 2 [MoOC 1 5 ], the effective atomic 
number of the central atom has fallen to 49, and this is reflected in 
the marked changes which occur when these green, crystalline 
substances are dissolved in water. They give, immediately, brown 
solutions with acid reactions, from which it is impossible to obtain 
the original salt satisfactorily by crystallisation. Although these 
facts are well known, no systematic examination of this decom¬ 
position has hitherto been attempted. In the present research* 
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this has been done, and not only has it yielded information as to 
the course of the reaction in aqueous solution, but it has resulted 
in the evolution of improved methods of preparation for the complex 
salts themselves, and in the isolation of new series of co-ordination 
compounds characteristic of the intermediate stages of the hydrolytic 
decomposition. 

Experimental. 

Chilesotti (Z. Elektrochem 1906, 12, 173) first showed that by 
electrolytic reduction of molybdenum trioxide, dissolved in hydro¬ 
chloric acid of appropriate concentration, a solution containing 
quinquevaient molybdenum could be obtained if a platinised 
platinum cathode was used, whereas with a cathode of polished 
platinum, reduction to the tervalent state resulted. This observ¬ 
ation has been utilised in the following preparations. 

Molybdenum trioxide solution . Molybdenum trioxide (100 g.) was 
heated with 500 c.c. of hydrochloric acid (d 1-16) till dissolved; the 
solution waB evaporated to 250 c.c., filtered, and made up to 500 c.c. 
with hydrochloric acid, and thus contained molybdenum trioxide 
(20%) in 91V-hydroehloric acid. 

Salts of the Type R 2 [MoOCl 5 ]. 

Diammonium Molybdenyl Pentachloride. —Klason (Ber., 1901, 34, 
148) and Nordenskjold (ibid., p. 1572) obtained this salt by reducing 
ammonium molybdate in concentrated hydrochloric acid with 
hydrogen iodide, whilst Foerster and Fricke ( Z . angew. Chem.> 
1923, 36, 458), using Chilesotti’s results (loo. cit.), prepared it by the 
electrolytic reduction method, of which the following is a variation : 
75 C.c. of the molybdenum trioxide solution, diluted with an equal 
volume of water, were placed in the cathode chamber of a diaphragm 
cell, of which the anode chamber contained hydrochloric acid (5N). 
A polished platinum electrode served as the anode, whilst the 
cathode was of platinised platinum, 5 cm. square. A current of 
2*5 amp. was employed, and on electrolytic reduction to the quin¬ 
quevaient stage, areddish-browncathode solution was obtained. This 
was concentrated to 50 c.c. under d im i n ished pressure, 30 c.c. of 
ammonium chloride solution (containing 9 g.) were admitted, and 
the mixture was heated for about a minute. On saturating with 
hydrogen chloride and cooling, emerald-green crystals separated. 
These were recrystallised by dissolving in the minimum volume of 
water at ca. 80V and saturating with hydrogen chloride until cold. 
The crystals were washed with concentrated hydrochloric acid and 
dried in a vacuum over solid potassium hydroxide. 

The molybdenum was precipitated as sulphide (J., 
11924,125,1911), ignited, and weighed as the trioxide, the chloride 
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in the filtrate and washings being estimated as silver chloride. The 
ammonia was determined by the distillation method, the am* 
moniaca! distillate being titrated continuously against standard 
acid with bromophenol-blue as indicator [Found: Mo, 29*5; 
Cl, 54*4; NH 4 ,1M, Calc, lor (NH^MoOClg; Mo, 29*5; Cl, 54*5; 
NH 4 , 11*1%]. 

A New Electrolytic Method. —150 C.c. of the prepared molyb¬ 
denum trioxide solution were placed in the cathode chamber of 
the diaphragm cell, the anode chamber containing ammonia (ION) 
and a small quantity of ammonium chloride. On electrolysis with 
a current density of 0*1 amp. per sq. cm. and continuous saturation 
of the cathode liquid with hydrogen chloride, the diammonium 
molybdenyl pentachloride separated in good yield. After being 
washed and dried, the crystals gave Mo, 29*3; Cl, 54*6; NH 4 , 
11 * 1 %. 

Dirubidium Molybdenyl Pentachloride. —This salt was first pre¬ 
pared by Nordenskjold (loc. tit.) and later by Foerster and Frioke 
(loc. tit.). By the use of the first of the methods here described for 
the preparation of the ammonium salt, but adding 30 c.c. of a 
rubidium chloride solution (containing 14 g.), yellowish-green 
crystals were obtained, which were washed, dried, and recrystallised 
(Found: Mo, 20*9; Gt, 38*6; Bh, 36*9. Calc, for Bb 2 MoOCl 6 * 
Mo, 20*9;. Cl, 38*5; Rb, 37*1%). 

Dipotassium Molybdenyl Pentachloride .—The methods described 
by Nordenskjold and by Foerster and Fricke for the preparation of 
this salt were found always to give a product contaminated with 
potassium chloride. The following method gave an excellent yield 
of pure salt, which, being crystallised at a high temperature, was 
obtained free from the more soluble alkali chloride: 75 C.c. of 
molybdenum trioxide solution, diluted with 75 c.c. of water, were 
electrolytically reduced to the quinquevalent condition. Tire 
resulting solution was concentrated under diminished pressure to 
50 c.c., 30 c.c. of potassium chloride solution (containing 6*5 g.) 
were added, and the solution was further concentrated to 70 c.c. 
The flask was now placed in a thermostat at 90°, and the solution 
saturated with hydrogen chloride. With the hydrogen chloride 
still passing through the solution, the temperature was lowered to 
70°, whereupon the required green salt began to separate; the 
temperature of the thermostat was then altered to and maintained 
at 60° and a high yield of the complex salt was thus obtained. The 
dark green crystals were filtered through a hot filter, drained in & 
current of dry hydrogen chloride, and dried in a vacuum over sold 
potassium hydroxide and phosphoric oxide [Found:.'Mo, 

Cl, 47*4; K, 20*9. Calc, for K^MoOC 1 5 : Mo* 26-1? 
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K, 21*3%; the presence of a small amount of water of crystallisation 
(0*25H 2 0) accounts for the slight difference]. 

Dipyndinium Molybdenyl Pentachloride .—The only method pre¬ 
viously described for the preparation of this salt is that of Rosen¬ 
heim and Koss {Z. anorg. Chem ., 1906, 49, 148) and of Sand and 
Burger (Ber., 1906,39,1761), who obtained it by the action of hydro¬ 
chloric acid on the complex compound Mo(OH) 2 (ONS) 3 (C 5 H 5 N) 2 . 
The following method gave an almost theoretical yield of pure salt: 
150 C.c. of the molybdenum trioxide solution, reduced electrolytic- 
ally to the quinquevalent stage, were evaporated on a water-bath 
under diminished pressure almost to dryness; alcohol, saturated 
with hydrogen chloride, was now admitted, and after warming and 
agitation, the reddish-brown mass dissolved producing an emerald- 
green solution (100 c.c.). This was cooled to room temperature, satur¬ 
ated with hydrogen chloride, and filtered if necessary; one half of 
the filtrate was utilised for the preparation of the pyridinium salt, and 
the other half for the quinolinium derivative. By the addition of 
alcohol saturated with hydrogen chloride, the 50 c.c. of solution were 
made up to 100 c.c., and to this water-cooled solution pyridine was 
added, drop by drop, with constant stirring till no more green 
precipitate separated (excess of pyridine gives a red solution). This 
was filtered and dissolved in alcoholic hydrogen chloride (2 vols. of 
alcohol, saturated with hydrogen chloride at room temperature, and 
1 vol. of absolute alcohol). On concentrating this solution, yellow¬ 
ish-green crystals separated; these were filtered, washed with 
alcohol saturated with hydrogen chloride, and dried over potassium 
hydroxide and phosphoric oxide in a vacuum [Found: Mo, 21*4; 
01^39*6; N, 6*2; C, 26*8; H, 2*7. Calc, for (C 5 H 6 N) 2 MoOCl 5 : 
Mo, 21-4; Q, 39-5; N, 6*2; 0,26*7; H, 2*7%]. 

Diquinolinium molybdenyl pentachloride was prepared by adding 
pure quinoline (18 g,) with constant stirring to the boiling molyb¬ 
denum solution previously mentioned. On evaporation and crystall¬ 
isation, a large amount of the required substance was obtained^ 
which was recrystallised and dried as in the case of the pyridinium 
compound [Found: Mo, 16-9; Cl, 31-2; N, 5*0; C, 37*8; H, 3*3. 
(C^NlsMoOas^O requires Mo, 16*9 ; a, 31*3; N, 4*9; C, 38*1; 
H, 3-2%]. 

Ditriimthylammoniwm Molybdenyl Pentachloride .—Nordenskjold 
(loc. ciL) prepared this salt by employing hydrogen iodide as a 
reducing agent. Using the electrolytic reduction method under 
conditions to be described later, the present authors isolated the 
first^chloride of the type R[Mo0Q 4 ,H 2 0] as monotrimethylammon- 
ium molybdenyl tetrachloride, NMe 3 H[Mo 0 Cl 4 ,H 2 0 ] (see below), 
and converted it into the ditrimethylammonium pentachloride by 
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dissolving it in alcoholic hydrogen chloride, evaporating to small 
bulk, saturating with hydrogen chloride, and allowing to crystallise. 
After recrystallisation, the light emerald-green crystals were washed 
with alcoholic hydrogen chloride and dried in a vacuum over solid 
potassium hydroxide and phosphoric oxide {Found: Mo, 23-5; 
Cl, 43-2; N, 6-9; C, 17-6; H, 51. Calc, for [(CH 8 ) 3 NH] 2 MoOC 1 5 : 
Mo, 23-5; Cl, 43-3; N, 6*8; C, 17*6; H, 4*9%}. 

General Properties of the Complex Salts .—The salts described in 
this paper generally crystallise in the rhombic form and range in 
colour from dark green through shades of emerald-green to yellowish- 
green. The pyridinium salt exhibits a strong pleochroism and has a 
very high double refraction. When exposed to a moist atmosphere, 
these salts more or less rapidly turn reddish-brown, in which con¬ 
dition they are very susceptible to aerial oxidation, molybdenum 
blue being formed. The pyridinium and the ditrimethylammonium 
salts give a bright copper-red substance at one stage of these 
changes. The potassium and the substituted-ammonium salts 
are the most sensitive, and the quinolinium the least sensitive, to 
the action of moist air. All the complex salts are soluble in water, 
the concentrated solutions being reddish-brown, passing through 
orange to bright yellow on dilution. On saturation with hydrogen 
chloride, these aqueous solutions finally turn emerald-green and 
from sufficiently concentrated solutions the complex salts separate. 
Alcohol dissolves all these green salts, and from the solution of the 
alkali complex salts, alkali chlorides separate on heating. The 
pyridinium salt under these conditions yields a red precipitate 
which will be referred to in detail later. The addition of pyridine 
or quinoline to aqueous solutions of any of the complex salts gives 
a brown, insoluble precipitate. 

Physico-chemical Measurements. 

Molecular-weight Determinations. —The molecular weight was 
determined by the depression of the freezing point of air-free water. 

The figures given on p. 2150 indicate that the complex salts 
E 2 [MoOC 1 5 ] undergo extensive ionisation in aqueous solution, and 
instead of yielding the (theoretical) 3 ions, furnish 9 ions in the 
reddish-brown solutions of concentrations ca. 0*02—0*05 g.-mol. 
per litre, and 10—11 ions in the bright yellow solutions obtained 
by further dilution. Additional evidence for this ionisation in 
aqueous solution is afforded by determinations of molecular con* 
ductivity. Table II gives the value of y. at 0° for various dilutions 
v (as litres per mol.). 

A satisfactory explanation of the high molecular conductivity 
and the exceptional osmotic factor is forthcoming if it be 
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Table I. 

Q. of substance per Cone. (mol. per Osmotic Apparent 
100 g. of water. 1000 g. water). 1 factor. mol. wt. 


Diaxnmonium molybdenyl pentaohloride. 


1-876 

0*0515 

9*00 

36*15 

0-726 

0*0223 

9*03 

36*02 

0-278 

0*0085 

10*1 

32*21 


M for (HH 4 ) a MoOCl 6 = 

= 325*3. 



Bipotassium molybdenyl pentaohloride. 


2-308 

0*0628 

8*89 

41*34 

0-765 

0*0208 

9*12 

40*30 

0-285 

0*0077 

10*1 

36*39 


M for K 2 MoOC1j = 

367*5. 



Dirubidium molybdenyl pentaohloride. 


1-667 

0*0340 

8*88 

51-82 

0-853 

0*0185 

9*11 

50*52 

0-467 

0*0099 

9*42 

48*85 


M for B.bjMoOClg =* 

460*2. 



Bipyridinium molybdenyl pentaohloride* 


1-640 

0*0365 

8*77 

51-23 

0-766 

0*0170 

9*00 

49*92 

0-417 

0*0093 

9*84 

45*66 


M for (C^HeNJaMoOClB 

= 449*3. 



Biquinolinium molybdenyl pentaohloride. 


1-160 

0-0203 

9*01 

62*96 

0-668 

0*0098 

9*89 

67*35 

0-269 

0*0047 

10-45 

54*30 


M for (C„H 8 N) a MoOCl 5 ,E s O = 567-3. 



Table II, 


(NH^MoOClj. Rb,MoOCl,. 

v ............ 199-2 796-8 1593-6 3187-2 61-14 409-1 818-2 1686-4 

/* —-. 766-8 866-0 916-8 948 689 849 910 978 


K,MoOCl t . [(CH 8 ),NH],MoOC1,. 

v ... -. 36-64 292-3 684-6 1169-3 69-76 239-0 478-1 1912-3 

ft ............ 676-6 834-3 897-3 964 644 767 836 936 


(CtHjNJjMoOCl*. (C,H 8 N),MoOCl,. 

'#5 ■ 875 1751 152 1216 2432 

p: ^ 842*6 914*7 859 603 870 929 


Itei hhe cefrapiex ion MoOC^" is unstable, and that ionisation anc 
^hydrolysis occur in accordance with the following scheme : 
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R 2 [MoOC1 5 ] + H 2 0 ^ 
R[MoOC1 4 ,H 2 0] + H 2 0 ^ 
[MoOC1 3j 2H 2 0] + H 2 0 ^ 
[MoO(OH)C1 2 ,2H 2 0] + H 2 0 ^ 

[Mo0 2 C1,3H 2 0] + H 2 0 ^ 


R[MoOC1 4 ,H 2 0] + RC1, 
[MoOC 1 3 ,2H 2 0] + RC1, 
[MoO(OH)Cl 2 ,2H 2 0] + HC1, 
[MoO(OH) 2 Cl,2H 2 0] + HC1, 
[Mo0 2 C1 5 3H 2 0] + HC1, 
[Mo0 2 (0H),3H 2 0] + HC1, 


Whence, at infinite dilution: 

R 2 [MoOC 1 5 ] + 5H 2 0 ^ [MoOaCOHj^HaO] + 2RC1 + 3HC1. 

In the first place, it is seen from such a scheme of ionisation that 
10 ions should result at infinite dilution and that the osmotic factor 
should be 11. These theoretical deductions are in accordance with 
the experimental data. The ionic velocities at 0° deduced from the 
values at 18° (Landolt-Bornstein, “ Tabellen,” 1923, ii, 1104) are; 
H* == 227-6; O'= 400; Rb’ = 41*5; NH 4 * = 384. From the 
ammonium and rubidium salts, for example, which on the proposed 
scheme of ionisation should each yield at infinite dilution 2 metal 
(or ammonium), 3 hydrogen, and 5 chlorine ions, a molecular con¬ 
ductivity of 959-6 and 965*8, respectively, would be expected. 
Since, for the pyridinium ion an ionic velocity of 20 is obtained at 
0° (Landin, J. Chim . physique, 1907, 5, 592), the value of (x w for the 
pyridinium complex salt should be 923. Reference to the experi¬ 
mental values shows that they are in good agreement with these 
theoretical values. Additional confirmation of this scheme of 
ionisation for the complex salts is afforded by the isolation of the 
intermediate products R[MoOC1 4 ,H 2 0], R[Mo 0 2 C1 2 ,2H 2 0], and an 
oxychloride, [Mo 2 0 4 (OH)Cl,4H 2 0], which may be considered as 
derived from the intermediate substances [Mo0 2 Cl,3H 2 0] and 
[Mo0 2 (0H),3H 2 0]. 

Salts of the Type R[Mo0C1 4 ,H 2 O], 

Hitherto only bromides of this type of co-ordination compound 
have been isolated. The first chloride of this type, monotrimityyU 
ammonium molybdenyl tetrachloride , was obtained as follows : 

75 C.c. of the molybdenum trioxide solution, electrolytically reduced 
to the quinquevalent stage, were concentrated on a water-bath 
under diminished pressure to 20—25 c.c. 30 C.c. of a solution of 
trimethylamine hydrochloride (11 g.) were now admitted by releasing 
the vacuum, and the mixture was heated to boiling under diminished 
pressure. The solution was then saturated with hydrogen chloride 
while it was being cooled, finally in a freezing-mixture, and the 
emerald-green crystals thus obtained were filtered, washed 
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concentrated hydrochloric acid, and dried in a vacuum over solid 
potassium hydroxide and phosphoric oxide {Found: Mo, 28*8; 
Cl, 42-6; N, 4*24; C, 10*8; H, 3*67. (CH 3 ) 3 NH[MoOC 1 4 ,H 2 0] 
requires Mo, 28*9; Cl, 42-7; N,4*22; 0,10*9; H, 3*62%}. 

Molecular-might Determinations. —The molecular weight was 
determined by the depression of the freezing point of air-free 
water. 

G. of substance per Cone. (mol. per Osmotio 

100 g. of water. 1000 g. water). factor. 

1-940 0-0585 6*97 

0-787 0*0237 7*05 

0-199 0*0060 8-07 

M of (CH 3 ) 8 NH[MoOCl 4 ,H a O] * 331*8. 

Molecular Conductivities. 

v . 35*6 71*2 142-4 284-8 569-6 1139*2 2278*4 4566-8 

11 . 580 614 657 706 773 832 849 874 

The calculated value for ^ at 0° is ca. 880 on the scheme of ion¬ 
isation and hydrolysis previously outlined, for there are produced 
1 trimethylammonium, 4 chlorine, and 3 hydrogen ions, whilst 
the osmotic factor should be 9. The experimental results are 
clearly in accordance with the theoretical predictions. 

Salts of the Type [Mo0 2 X 2 ,2H 2 0]R. 

In the scheme of ionisation proposed for the complex salts 
of quinquevalent molybdenum, the co-ordination compound 
[Mo 0 2 C1 2 ,2H 2 0]H was postulated as an intermediate product. 
Although this acid has not been isolated, its derivatives have been 
obtained in reactions involving the green complex salts. 

Barium Oxalomolybdite. —Bailhache ( Bull Soc . chim., 1903, 68, 
161) prepared this compound by reducing ammonium molybdate 
in hydrochloric acid with red phosphorus, and formulated it as 
BaH 2 (MoO) 2 {OH) 6 (C 2 0 4 )2,H 2 0. Viewed in the light of Werner’s co¬ 
ordination theory, however, a more rational formulation and name for 
the substance are obtained if the molybdenum is assigned a co-ordin¬ 
ation number of six. The new formula Ba[Mo02(C 2 0 4 ),2H 2 0] 2 ,H 2 0 
clearly shows the relationship to the co-ordination compound 
H[Mo0 2 Cl 2 ,211^0], and requires the name barium molybdenum 
dioxy oxalate. The probable correctness of this formulation and 
the importance of this salt can be appreciated from Bailhache’s 
statement {he. cit.) that it is produced when diammonium molyb- 
denyl pentachloiide is treated with oxalic acid and barium chloride. 
^ Mo details of the method were given, but experiments showed that 
|V the salt could be satisfactorily isolated by the following method; 


Apparent 
mol. wt. 
47*60 
47*07 
41*13 
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30 C.c. of an aqueous solution of oxalic acid (1*2 g.) were added to 
30 c.c. of a solution of diammonium molybdenyl pentachloride (3*5 g.), 
and the mixture was warmed. To the dark red solution produced, 
barium chloride (1*1 g.) in 60 c.c. of water was added, and on boiling, 
with constant stirring, a red, crystalline solid separated in good 
yield, which was washed with warm water and dried; it proved 
to be the required compound {Found: Ba, 20*8; Mo, 29*0; C, 
7*28; H, 1*50. Calc, for Ba[Mo0 2 (C 2 0 4 ),2H 2 0] 2 ,H 2 0 : Ba, 20*8; 
Mo, 29*1; C, 7*25; H, 1*52%}. 

Pyridinium Molybdenum Dioxy dichloride ,—Sand and Burger 
(Joe. cit.) noticed that when their green pyridinium molybdenyl 
pentachloride was boiled with alcohol, copper-red crystals separ¬ 
ated on cooling. This compound contained Mo, 31*7; Cl, 23*68; 
N, 4*75; C, 22*05; H, 2*90%, and it was assigned the formula 
Mo(OH) 3 Cl 2 ,C 5 H 5 N, which requires Mo, 32*32; Cl, 23*09; N, 4*71; 
C, 20*20; H, 2*69%. Although the analytical figures do not show 
very close agreement with those demanded by theory, yet the 
empirical formula assigned to the substance by Sand and Burger 
has now been shown to be correct. It should be written, however, 
as C 6 H 6 N[Mo0 2 Cl2,H 2 0], whereby it is characterised as the pyri- 
dinium salt of the acid H[Mo0 2 Cl 2 ,2H 2 0]. A pure product was 
obtained by the following method : Freshly prepared dipyridinium 
molybdenyl pentachloride was added to boiling alcohol (95%) until 
the solution turned dark red and further solid dissolved with 
difficulty. On filtering and allowing the clear liquid to cool, a light 
red substance separated which gave Mo : Cl = 1: 2*1 and proved 
to be an impure product. This was removed, and the mother- 
liquor, on concentration to small bulk and cooling, gave copper-red 
needles, which were washed with alcohol (95%) and dried in a 
vacuum over phosphoric oxide. The water content of the crystals 
varied with different samples, whilst the colour deepened with 
increasing water content (Found : Mo, 33*88; Cl, 24*97; N, 4*93; 
C, 21*5; H, 2*34. Calc, for C 6 H 6 N[Mo0 2 Cl 2 ],0*25H 2 0 : Mo, 33*88; 
a, 25*02; N, 4*94; C, 21*2; H, 2*29%). That this pyridinium salt 
and barium molybdenum dioxyoxalate are similarly constituted is 
readily demonstrated as follows: 3 G. of pyridinium molybdenum 
dioxydiehloride in 50 c.c. of water were warmed with an aqueous 
solution of oxalic acid (1*2 g. in 30 c.c.). 1*1 G. of barium chloride 
in 60^c.c. of water were now added and the mixture was heated to 
boiling. The corresponding barium compound separated in good 
yield (Found : Ba, 21*4; Mo, 29*7. Calc, for Ba[Mo0 2 (C 2 0 4 ),2H 2 03 2 : 
Ba, 21*4; Mo, 29*9%). It will be noticed that the water content is 
less than that in the sample prepared from the green complex:: 
salt. . 
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Molecular-weight Determinations. 


G. of substance per 

Cone. (mol. per 

Osmotic 

Apparent 

100 g. of water. 

1000 g. water). 

factor. 

mol. wt. 

2*489 

0*0838 

3*45 

86*06 

1*148 

0*0387 

3*73 

79*60 

0*692 

0*0233 

3*90 

76*12 

0*222 

0*0075 

4*82 

61*60 


M for C b H 8 N[MoO*C1 2 ,H 2 0] « 296-9. 


Molecular Conductivity. —This was determined at 0°: 

v .. 20*56 41*12 164*5 320 1316 

/x .. 185 210*6 275*1 312*0 336*0 

These two results find an adequate explanation on the assumption 
that in aqueous solution the pyridinium salt undergoes ionisation 
and hydrolysis in accordance with the scheme : 

[Mo0 2 a 2 ,2H 2 0]C 5 H 6 N + H a O ^ C 5 H e NCl + [Mo0 2 a,3H 2 0] 

C 5 H 6 N-+ Cl' + [MoO^^HaO], 
[MoOaaSILjO] + H 2 0 ^ [Mo0 2 (0H),3H 2 0] + IT + Cl'. 

Hereby, in dilute solutions, an osmotic factor of 5 should be 
obtained, whilst conductivity measurements, due to a pyridinium 
ion, 2 chlorine ions, and 1 hydrogen ion, should give ^ = approx. 
327*6. The experimental results are in close agreement with the 
theoretical values and support the scheme of hydrolysis outlined 
above. 

Dimolybdenum Tetraoxyhydroccychloride .—The isolation of this 
salt, Mo 2 0 4 (OH)C1, formed an important link in the chain of evi- 
. dence for the scheme of ionisation and hydrolysis proposed for the 
green complex salts. 

Preparation. The reddish-brown solution of quinquevalent molyb¬ 
denum, obtained by the electrolytic reduction of 150 c.c. of molybdic 
acid solution, was concentrated on a water-bath under diminished 
pressure until a dark, viscous mass was obtained. Pure, dry 
acetone was admitted in small portions with frequent shaking and 
warming, until the mass just dissolved, giving a deep brown solur 
tion. This was poured with constant stirring into a, large volume 
of dry ether and a bulky reddish-brown precipitate separated, which 
was washed with dry ether and kept over solid potassium hydroxide 
>. in a vacuum [Pound: Mo, 51*6; Cl, 9*54; Mo : Cl = 2 :1. 
Mo 2 0 4 (OH)Cl,3*5H 2 0 requires Mo, 51*7; Cl, 9*55%]. 

Valency. A solution of the compound in dilute sulphuric acid 
.was titrate^ with standard permahganate according to Reinhardt’s 
i*' method, and required t x c.c. A solution of the same concentration 
|||v wa8 Passed through the reductor (J., 1923, 123, 969) and required 
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t % c.c. of permanganate. The valency is given by (6 — 3 
Found : t t = 7*58 c.c.; t 2 = 22*79 c.c. Hence the molybdenum 
is quinquevalent. 

Properties. The new chloride is a reddish-brown powder, readily 
soluble in water and in alcohol, giving deep reddish-brown solutions 
which on dilution become bright yellow. The aqueous solution is 
acid to litmus and reduces solutions of silver salts. The brown 
aqueous or alcoholic solutions of the compound turn emerald-green 
on saturation with hydrogen chloride, and complex salts of the type 
R 2 MoOCl 5 may be isolated from them. On heating, the chloride 
decomposes with evolution of hydrogen chloride. 

Molecular-weight Determinations. —These were determined in 
air-free water. 

G. of substance per Cone. (mol. per Osmotic 

100 g. of water. 1,000 g. water). factor. 

M93 0-0314 1-85 

0-656 0-0172 2-03 

0-483 0-0127 2-41 

M for Mo 2 0 4 (0H)Cl,4H 2 0 « 380-5. 

These results indicate that two ions are present in the more con¬ 
centrated solutions and three individuals in the more dilute. 
This is satisfactorily explained by the progressive hydrolysis 

[Mo 2 0 4 (OH)C1] -f H 2 0 ^ [Mo 2 0 4 (0H),H 2 0]C1 =?£= 

[Mo 2 0 4 (0H),h 2 0]* + or, 

or [Mo 2 0 4 (OH)C1] + H 2 0 [Mo 2 0 4 (OH) 2 ] + W + Cl'. 


Apparent 
mol. wt. 

205-7 

187-5 

157*9 


Conclusions . 


The results obtained from the determinations of molecular weights 
and molecular conductivities of a wide range of co-ordination com¬ 
pounds of the formula R 2 [MoOC 1 6 ] leave little doubt that the scheme 
of hydrolysis and ionisation outlined in this paper substantially 
explains their behaviour in aqueous solution. It receives added 
support from the physico-chemical measurements made with com¬ 
pounds typical of the intermediate stages of the hydrolysis. Still 
more convincing proof of the correctness of the scheme is that it 
allows the formulation and characterisation of salts previously 
known, and derived from the green complex salts, but which had 
hitherto lacked systematisation. In a paper by Scagliarini (Atti 
B. Accad. Uncei , 1925,1, 676), the isolation of two salts, formulated 


as MoOC 1 3 ,C 6 H 5 N and 2jjNH 4 ) 2 {Mo (( ^} 


+ 0 6 H 18 N 4 ,HCI, %; 
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reactions involving the complex salt (NH 4 ) 2 [MoOC 1 5 ] has been made 
the basis of the following scheme of hydrolytic decomposition: 

R 2 MoOC1 5 + H 2 0 = R 2 Mo(OH) 2 C1 6 —%■ R 2 Mo(OH) s C1 4 + HC1 

R 2 Mo{OH) 4 C1 3 + HC1 R 2 Mo(OH) 6 C1 2 + HC1 —> 
R 2 Mo(OH) 6 C1 + HC1. 

Such a scheme does not adequately explain the physico-chemical 
results obtained in the present paper, nor does it elucidate the con¬ 
stitution of intermediate products, which are assigned co-ordination 
numbers of 7. The analyses quoted by Scagliarini (loc. cit.) for 
the compounds he isolated involve only determinations of molyb¬ 
denum, chlorine, and nitrogen, and do not show very satisfactory 
agreement with the calculated values. Confirmation of the isolation 
of the salt MoOCl 3 ,C 6 H 6 N would be of interest, for as yet MoOC 1 3 
has not been obtained. 

The authors wish to express their thanks to the Chemical Society 
and the University of Birmingham Research Committee for grants 
in aid of this investigation. 

University of Birmingham, 

Edgbaston. [Received, July 5th, 1927.] 


CCLXXXVL —The Routine Preparation of Low-con¬ 
ductivity Water . 

By Guy D. Bengough, John M. Stuart, and Alfred R. Lee. 

The present communication gives details of improvements in the 
construction of Bourdillon’s still for conductivity water (J., 1913, 
103, 791), by which it has been found possible to produce a large 
daily supply of such water of high quality. 

Bourdillon’s still delivered 7—8 litres of 0*2 gemmho conductivity 
in a single distillation from Oxford tap-water, and, although even 
the best water obtained showed conductivities as high as 0*11 
gemmho from tap-water and 0-09 from distilled water at 18°, the 
authors constructed a precisely similar still with a view to effect 
improvements. 

The water from this still sometimes had conductivities similar to 
those obtained by Bourdillon, but a regular daily supply did not 
maintain this degree of purity for any considerable period, even with 
frequent attention to small adjustments. The causes of the rises in 
; conductivity appeared to be (a) minute air-leaks in some parts of 
|^;tho apparatus, e.g., round the rubber stoppers, (b) inadequate trap- 
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ping of spray, or (c) “ creeping 55 of water from the trap to the 
condenser. Air-leaks generally occurred between the spray-trap 
and the rest of the apparatus even when the rubber stoppers used 
by Bourdillon were replaced by pipe-unions, and “ creeping ” of 
water took place to a surprising extent, especially when there were 
considerable fluctuations of pressure in the still. 


Fig. l. 



S. Spray trap. A.P.T. Air purification train, 

W.J. Water jacket and cooling coils. J8* Outlet for purified water. 

<7. <7. Conductivity cell. 

To eliminate these causes of trouble, the whole of that part of 
the still between the boiler and the block-tin condenser was re¬ 
designed ; at the same time, some improvements were made in the 
air-purification train. The still in its final form is shown in Fig. 1, 
The boiler, J?, is made of 18-gauge (1*2 mm. thick) copper sheet, 
tinned oh the inside. It is connected to the rest of the apparatus 
by two circular flanges, 7*0 cm. in diameter, soldered both to it 
and to the copper pipe, e. A ring of “ hallite ” packing is 
between the flanges, which are held together by om, 
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flange is shown in Fig. 2, e.) The boiler holds 10 litres of water, 
which is introduced, together with the ground potassium bisulphate, 
by separating the flanges. This is the only joint on the still that 


Fig. 2. 



need be broken during several months’ running. The available 


waters were a hard London tap-water, and a supply which eon- 
tained traces of oil. The former was objectionable owing to the 
| possible formation of heavy boiler-scale, so the latter was used 
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after a preliminary rough distillation with potassium permanganate 
and caustic potash in a simple form of still. 

From the boiler, the steam passes through the copper tube, e 
(Figs. 1 and 2), to the trap, which has been redesigned and very 
solidly constructed, as shown on an enlarged scale in Fig. 2. The 
tube, e, is of 1-3 cm. internal diameter and is bent into 20 coils each 
of 12*5 cm. diameter, and its end is brazed into the copper trap 
tangentially so as to give circular motion to the steam entering 
the trap at a. A circular conical baffle-plate, 5, is inserted above 
this. The steam outlet at c is provided with a 7 cm. circular flange 
(not shown in Fig. 2) which is bolted to 44 hallite ” jointing and a 
similar flange on the block-tin tube, d. This tube has an internal 
diameter of 4 cm. and is soldered to the condenser. The ample 
width of this tube prevents any trapping of water; in the earlier still, 
a long, narrow, coiled tube was used and arranged outside the 
copper coil, but water occasionally accumulated in the bends and 
caused violent fluctuations of pressure in the still. 

The copper coil and trap are lagged with cotton waste and asbestos 
sheet and are held in place by three adjustable supports, g , which 
can be clamped to three vertical brass rods. These brass rods are 
rigidly fixed into a heavy cast iron base, I (Fig. 2). 

A brass plate, h , is bolted to the tops of the rods, and, together 
with a flange, provides support for the central tin tube. At first, 
the water from the submerged outlet tube, X (Fig. 2), was merely 
allowed to run into an open beaker, but the best water was not 
obtained until a definite air-trap and non-return valve were used, 
as shown in Fig. 2a. 

The main block-tin condensing column is similar to that of 
Bourdillon, but the arrangements at the lower end have been 
altered as shown in Fig. 1; d is the steam inlet leading from the 
trap and is soldered into the main column, b is the inlet for purified 
air, and c the outlet for the conductivity water; WJ* consists of 
two glass water-jackets connected together by a long coil of compo- 
tubing carrying a stream of water. The conductivity-measuring 
vessel O.O, is fixed on to c by a rubber stopper. The advantage of 
this arrangement is that the water ftbes not become saturated 
with air in the cold as in Bourdillon’s method, and consequently 
air-bubbles do not form on the electrodes of the conductivity 
cells. 

On the upper part of the tin condenser is a n^row tin tube, 
soldered to the main column and joined by a rubber connexion to 
a glass tube leading into a bottle. A second bottle is connected 
so that the escaping air bubbles out through a shallow layerolg 
distilled water. If a sudden diminution of pressure occmed;||^^ 
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still, the water in the second bottle would merely be sucked back 
into the first and not into the still. 

The rate at which bubbles pass through the water serves as a 
rough indication that the purified air is passing satisfactorily 
through the still. Before distillation is stopped, the second bottle 
should be replaced by a soda-lime tube. 

The Weiland purification trains, A.P.T. in Fig. 1, contain 
^-sulphuric acid, caustic potash solution, and distilled water; two 
are used in parallel, as it was found advisable to use a much faster 
stream of air than that used by Bourdillon. Recently Weiland’s 
design has been modified : the columns containing the glass beads 
are now 2-6 cm. in diameter and are pinched in near the tops to 
retain the beads; the funnels and taps have been increased in size. 


The air passes through a dust-filter ( A.F ., Fig. 1) constructed as 
shown in Fig. 3. This filter is a modification of one described in 
the Meteorological Office Report of the 
Jig. 3. Advisory Committee on Atmospheric Pol¬ 



lution, 1916—17. It is constructed of brass, 
and the air first passes through the tube C , 
which is filled with special jewellers' wool, 
and then through a disc of special blotting 
paper (Ford 428 Mill) inserted between brass 
discs A and B, which have circular and 
radial grooves cut in them as shown. A and 
B are bolted together and the joint is waxed 


over externally. 


The course of an actual distillation was as follows: Ten litres of 


laboratory distilled water were placed in the boiler with 20 g. of 


powdered potassium bisulphate, and heated to boiling; the c< hallite 99 
joint softened in the steam, and the boiler was then connected with 


the still. 


The heating was adjusted so that the conductivity cell was 
filled and emptied every 9 or 10 minutes. This rate of delivery 
corresponds to the production of about 0*75 litre of water per hour 
and should not be greatly exceeded; if the still is run too rapidly, 
a trace of spray seems to get into the condenser during distillation. 

The conductivity of the water was determined by the standard 
bridge method, a galvanometer being used to detect the zero position. 
This was possible because the conductivity was so low that only 
very small currents passed, and polarisation effects were negligible. 
The cells ift which measurements»were made were standardised with 
^•!2?^a^tions.„of .potassium chloride. The possible errors in the 

given in Table I are within ± 5%. The 
^ble^gives, the values (in gemmhos) of the specific conductivity, k, 
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of each batch of water reaching the conductivity cell in a typical 
run of the still, the purified air being supplied at a rate of about 
22-5 litres per hour, and the temperature of the water being 
about 15°. 

Table I. 


Batch 


Batch 


Batch 


Batch 


No. 

#c. 

No. 

K, 

No. . 

K. 

No. 

K. 

1 

0*17 

10 

0*057 

19 

0*055 

28 

0*054 

2 

0*13 

11 

0*055 

20 

0*055 

29 

0*055 

S 

0*078 

12 

0*062 

21 

0*055 

30 

0*059 

4 

0*077 

13 

0*057 

22 

0*055 

31 

0*063 

5 

0*062 

14 

0*052 

23 

0*054 

32 

0*067 

6 

0*059 

15 

0*050 

24 

0*054 

33 

0*071 

7 

0*055 

16 

0*052 

25 

0*054 

34 

0*084 

8 

0*072 

17 

0*054 

26 

0*065 



9 

0*059 

18 

0*055 

27 

0*054 




Batches 3—33 inclusive, amounted to 4040 c.c. The volume of 
waste water collected at the “ run off ” from the steam trap was 
2485 c.c. 

In other runs, conductivities as low as 0-045 gemmho at 18° 
have been obtained. This figure is not much inferior to the best 
values of Kohlrausch and Heydwejller (0-040 at 18°) (Pogg. Ann., 
1894, 53, 223) who distilled in a vacuum in an apparatus which was 
only adapted to give a small quantity of the purified water. The 
authors’ still has been in constant use for more than 2 years and 
requires very little attention other than the periodic renewal of the 
solutions in the air-purification train. It will regularly produce 
about four litres a day of water with a conductivity of about 
0-065 gemmho. 


The authors wish to express their grateful thanks to Mr. H.. It. 
Raikes, who placed his great experience at their disposal when 
constructing both the still and the apparatus for measuring con¬ 
ductivities. 

The work was carried out in the Metallurgical Laboratory of the 
Royal School of Mines, as part of a research directed by the Corrosion 
of Metals Research Committee of the Department of Scientific and 
Industrial Research, and the authors wish to thank the Chairman, 
Professor H. C. H. Carpenter, for the many facilities afforded. 

[Received, June 18fA, 1927.] 
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CCLXXXVII .—The Action of Bromine on 
Dimethylpyrone . 

By John Norman Collie and Loins Klein. 

The constitution of the pyrone nucleus is of importance in that 
many interesting compounds are derived from it. Bromine reacts 
with it at once, but does not give ordinary addition products, and 
similarly there is no indication that any ethylenic linkages are 
present in dimethylpyrone. 

10 G. of dimethylpyrone (1 mol.) and 13 g. of bromine (1 mol.) 
were allowed to react in chloroform solution, and the mixture 
became orange-coloured and slightly warm. The solvent was 
evaporated at the ordinary temperature, and the resulting bright 
orange-coloured, crystalline solid was washed with water, which 
removed dimethylpyrone hydrobromide, together with a small 
quantity of some pyrone compound containing bromine—this was 
probably the bromodimethylpyrone, but owing to its high solu¬ 
bility it could not be separated from the hydrobromide. 

The orange compound (yield, 10 g.) was best recrystallised from 
acetic acid or chloroform; m. p. 136° (Found: C, 34-1; H, 3-8; 
Br, 49*5; M , cryoscopic in naphthalene, 456, 479. Calc, for 
C 14 H„0 4 Br 3 : C, 34*4; H, 3*5; Br, 49*1%; M , 489). 

This compound has also been obtained by Hantzsch and Denstorff 
(Anmlen, 1906, 349, 39), who only gave a bromine determination, 
by the action of bromine on dimethylpyrone hydrobromide. They 
recognised it as a perbromide, and we have confirmed this by 
obtaining several characteristic reactions for perbromides, some of 
which were carried out quantitatively, although in the reaction with 
ammonia only about two-thirds of the theoretical amount of nitrogen 
were evolved. 

On being warmed with water, the compound loses its colour and 
dissolves, except for a small quantity of a yellow oil (Found: ion- 
isable Br, 37-0%). On standing with water for 3 days, however, 
only a trace of the yellow oil remained, and the ionisable bromine 
was then 46*9%. The yellow oil does not crystallise on keeping 
and cannot be distilled (Found: Br, 58*1. C 7 H e 0 2 Br 2 requires 
Br, 56*7%). Aqueous potassium hydroxide behaves in a similar 
manner to water (Found: ionisable Br, 46*1%). 

The action of heat on the orange compound is complex. If 
S. kept just at its m.,p. it loses colour, and then solidifies on cooling. 
& If-iaate sl^ongly heated, it chars and gives off hydrogen bromide, 
|:>the product being almost entirely soluble in water, and consisting 
dimethylpyrone hydrobromide, mixed with a small 
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quantity of (probably) the bromodimethylpyrone, which, however, 
could not be separated. The small amount of insoluble substance 
was a yellow, non-crystallisable oil (Found : Br, 614%). 

The orange compound resembles quinhydrone in some respects, 
e.g.y reaction with water and possession of colour, and this suggests 
a similarity in molecular constitution: 
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The action of a larger amount of bromine on dimethylpyrone 
was tried : 10 g. of the pyrone and 26 g. of bromine in chloroform 
solution. After evaporation of the chloroform, the residue was 
treated with water, and the insoluble portion recrystallised from 
dilute alcohol. A colourless compound resulted; m. p. 163° 
(Found : C, 29-8; H, 2*6; Br, 56-3. Calc, for C 7 H 6 0 2 Br 2 : C, 29-8; 
H, 2*1; Br, 56-7%). This compound had been previously obtained 
by Feist and Baum ( Ber ., 1905, 38, 3562). On being boiled with 
w r ater it gives bromoacetone. It does not form salts with acids, 
and its solution in alcohol does not give an immediate precipitate 
with silver nitrate. On being heated with sodium ethoxide solution, 
it turns deep red in colour. 

If excess of bromine is allowed to react with dimethylpyrone in 
the absence of a solvent, the mixture becomes warm, and on boiling 
it evolves hydrogen bromide and eventually becomes solid. Ex¬ 
traction with alcohol leaves a crystalline residue, which is almost 
insoluble in most solvents, From hot acetic anhydride, however, 
a substance separates in bunches of needles, m. p. 229° (darkening 
at 227°) (Found: C, 19‘3; H, 1-2; Br, 71-5. C 7 H 4 0 2 Br 4 requires 
C, 19*1; H, 0*9; Br, 72*7%). This compound is very stable, being 
unaffected by metallic sodium in boiling benzene solution, or by 
warm concentrated sulphuric or nitric acids, from solutions in which 
it is precipitated unchanged on the addition of water. Heating 
with ammonia in a sealed tube at 140° or boiling with sodium 
hydroxide solution, however, effect decomposition, which is very 
far-reaching in the former case. 

A curious iodine compound was obtained by one of the authors 
(J,, 1900, 77, 1116; 1921,119,1550) by the action of iodine on the 
barium salt of diacetylacetone. Bromine has now been found to 
give a similar compound; it was added slowly with shaking to 
aqueous suspension of the barium salt (45 g.), and ,; diluteV^||^f^ 
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chloric acid then precipitated 9 g. of the substance , which was 
recrystallised from dilute alcohol; m. p. 106°; b. p. ca. 310° 
(decomp.) (Found : 0,38-6; H } 3-4 ; Br, 36*6. M , microcryoscopic 
in camphor, 236, C 7 H 7 0 3 Br requires C, 38-4; H, 3-2; Br, 36*5%; 
M , 219). In all its reactions it resembles the iodine compound. It 
can be boiled with the strongest sodium hydroxide, or with sodium 
ethoxide, without decomposition, and is reprecipitated on adding 
an acid. Cold concentrated sulphuric acid does not decompose it, 
and although it does not react with cold sodium carbonate solution, 
bn warming, carbon dioxide is evolved. With bleaching-poWder 
solution, it gives a precipitate of calcium carbonate. With ferric 
chloride, it gives a red precipitate. It can also be made by the 
action of bromine on the sodium salt of diacetylacetone. It forms a 
monobenzoyl derivative, m. p. 112° (Found: C, 51-8; H, 3*7; 
Br, 24-5. C 14 H n 0 4 Br requires C, 52*0; H, 3-4; Br, 24*8%); and 
with phenylhydrazine it yields a compound , m. p. 142° (decomp.) 
(Found: N, 8*8; Br, 26-3. C^H^OglSyBr requires N, 9-1; Br, 
25-9%). 

An unsuccessful attempt was made to produce a corresponding 
chlorine compound by the action of chlorine on the barium salt of 
dimethyl pyrone. 

The Ralph Forster Laboratories or Organic Chemistry, 

University College, London. [Received, June 30 th, 1927,] 

CCLXXXVIII.— The Application of the Hydrogen 
Electrode to Organic Bases: Piperidine , and its 
Use as an Alhaline Buffer. 

By Edmund B. R. Prideaux and Frank L. Gilbert. 

The dissociation constants of organic bases rest on conductivity 
determinations alone, whilst the hydrogen-ion concentrations of 
their partly neutralised solutions are either calculated from these 
constants or determined by colorimetric methods. It wbuld seem 
desirable to test these results with the hydrogen electrode, as has 
been done in the base of acids, It has long been known that this 
electrode is untrustworthy with ammonia and some amines (Bottger, 
Z* physihaL Chem., 1899, 24, 253), and it has also been stated 
(Kolthoff, Biochem . Z,, 1925, 162, 289) that the alkaloids are 
susceptible to catalytic reduction at the surface of a hydrogen 
electrode. The possibility of carrying out an electrometric titration 
bn hydrazine has, however, been established by Gilbert {J. Amer. 

3oc. s 1924,46, 2648). This base is unstable in most respects, 
^^fris resistant to reducing agents. Although the numerical results 
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were not given in the paper, one can infer that the first constant was 
in fairly good agreement with the value, 3 X 10~ 6 , based on Bredig’s 
measurements of conductivity. 

Piperidine seemed to be eminently suitable for testing the constant 
derived from conductivity, since it is a moderately strong base which 
obeys the dilution law, and it was deemed to be stable towards 
platinum-hydrogen. The dissociation constant according to Bredig 
is 1*6 X lCri 3 , and ^ = 216, expressed in modem units (Z. physikal. 
Chem., 1894, 13, 191). The value used by Hantzsch and Sebaldt 
(ibid., 1900,33,129) is 232 at 25°. In the case of the hydrochloride, 
at v = 1024, x = 110; if 2*5 units be added, according to the usual 
rule, Xq = 112*5; since the mobility of the chlorine ion is 75*5, that 
of the piperidinium ion is 37*0, and, that of the hydroxyl ion being 
196, \ for piperidine is found to be 233. On combining this with 
the X values of Bredig (converted into ohms) for v = 32 and 256, one 
finds if = 1*42 x 10 -3 and 1*30 X 10 -3 , respectively. These are rather 
higher than the constants of Hantzsch and Sebaldt ( loc . cit.), viz. : 

Temp. = 15° 20° 25° 

10 8 i£ = Ml 1*15 1*20 

from which, by interpolation, the constant at 18° is 1*14 X 1(H, 
p K = 2*94. We consider this constant to be a more satisfactory 
basis for calculations than the uncorrected constant of Bredig. We 
have tested its validity for expressing the# H values obtained during 
neutralisation by (a) a potentiometric and (b) a colorimetric 
titration. 

(a) Electrometric Titration .—The usual circuit for potentiometric 
titrations was set up, containing a cadmium cell, which was checked 
against an N.P.L. Standard, a capillary electrometer, and a metre 
slide wire, which had been calibrated against an accurate resistance 
box. A platinised platinum-hydrogen electrode of the Hildebrand 
type dipped into an open beaker which contained the solution of 
piperidine. The other half-cell was an i^/lO-potassium chloride- 
calomel electrode, the two solutions being connected by a salt bridge 
of saturated potassium chloride-agar. 

To the A'/lO-piperidine solution, JV-hydrochloric acid was added 
with stirring. The balance point on the bridge-wire became steady 
at once, and readings were taken, after each addition of acid. The 
E.M.F., E c in table, of the hydrogen half-cell against an electrode in 
^-hydrogen ion is equal to the E.M.F., E in table, corresponding to 
the balance-point minus 0*338, The readings are given as c.c. of 
hydrochloric acid added to a given volume of piperidine ; 


C.C. ate 

2*1 

2*46 

2-75 

30 

3*2 

3*4 

B « 

0*962 

0-943 

0*914 

0-845 

0*502 

0*461 

Be 588 

0*624 

0*605 

0*576 

0-507 

0*164 
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AE/AO assumes a high value between 3*0 and 3-2 c.c.; the 
subsequent readings correspond to solutions beyond the equivalence 
point. 

The possibility of a satisfactory electrometric titration is thus 
demonstrated. Some of these results were used in determining 
p K (see below), the following p E values being calculated from 2£ c /0*058 : 

E 0 = 0-624 0-605 0-576 0-507 0-164 0-123 

Ph = 10-75 10-45 9*92 8-73 2-84 2-12 

Electrometric Determination of K .—Since the middle part of the 
neutralisation is of particular importance in determining K, another 
experiment was carried out (with a different volume^of piperidine) 
from an earlier stage in the neutralisation and with OSSiV'-acid, in 
order to obtain a greater accuracy in the values of x 9 the fraction 
of base neutralised. The values of p% are calculated from the 
equation 

Px = log (1 - x)jx + f Kw — p a , 
where p Kw has its usual significance and is equal to 14*13 at 18°. 


The potentiometric titration of O-liV'-piperidine with 0-55iV-hydr(>* 

chloric acid. 


HCl 





HCl 





(c.c.). 

Be 

Ph- 

100#. 

Pjt- 

(c.c.). 

E c . 

Ph- 

100#. 

Pr * 

0-66 

0*682 

11-8 

17-8 

2*99 

2-10 

0*637 

10-95 

57*4 

3-05 

0-95 

0*672 

11*6 

26-0 

2*98 

2*40 

0-620 

10*75 

66-0 

3-09 

1*24 

0-665 

11*43 

33-9 

2-99 

2-65 

0-607 

10*55 

73-3 

3*14 

1-60 

0-652 

11-23 

43-7 

3*00 


0-605 

10-45 

80 

3-09 

1*85 

0-645 

1M 

51-0 

3*01 


0-576 

9-92 

90 

3-26 

1-95 

0-640 

11*05 

53-4 

3*02 






Thus the 

potentiometric constant is distinctly lower (p K higher) 


than that derived from conductivity results; the constancy is very 
satisfactory, the trend up to x = 0*50 being very slight, less indeed 
than in the case of most acids. Thus it has been shown by Michaelis 
and Kruger (Biochem. Z., 1921,119, 307) that the p K of acetic acid 
when 50% neutralised is 4-665, whilst that of the free acid is 4*733; 
there is therefore a decrease of 0*068 in p K , or an increase in the 
constant. Although it is not possible to determine the potentiometric 
p K with sufficient accuracy on aqueous solutions of free piperidine, we 
do know that the change of p% over a large range of neutralisation is 
only about 0*02. If, however, p K of the pure base is 2*94, the 
difference between this and the value prevailing at 50% neutralis¬ 
ation is 0*07—of the same order as the difference for acetic acid, but 
in the opposite direction. While, therefore, the constant increases 
gjiuring neutralisation in the case of typical weak acids, it decreases 
Hit ..the case of this weak base. It is intended to test other bases, 
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in order to find whether this behaviour is characteristic of the 
class. 

The increases in the constants of acids may be plausibly attributed 
to the presence of the increasing amount of salt formed during the 
neutralisation, since the addition of sodium chloride, or other 
neutral salt, has a marked effect in the same direction (Michaelis 
and Kruger, loc. cit .). 

The present effect, however, is not a salt effect, as was proved by 
the following experiments. Sodium chloride was added to the 
solutions under investigation so as to preserve a constant con¬ 
centration of chloride, equal to that which would have been attained 
at the end of the neutralisation. Had the drift in the constant been 
a salt effect, the balance point would have been altered in the 
first stages of neutralisation, so as to give a constant equal to the 
slightly higher value obtained in the nearly neutralised solution. 

Addition of JSTaCl to 30 c.c. of piperidine at various degrees of 

neutralisation. 


100 x. 

Balance point on 
bridge, without NaCl. 

Weight of NaCl 
added (g.). 

Balance point in 
presence of NaCl. 

10 

51*2 

0*158 

51*2 

30 

49*7 

0*117 

49*8 

50 

48*7 

0-088 

48*7 

80 

46*4 

0*035 

46*5 


Hence the E.M.F.’s and the p K values are not affected by moderate 
amounts of neutral salt, the presence of which, therefore, does not 
account for the slight trend in K in the case of solutions which are 
more than 50% neutralised. 

(b) Colorimetric Titration .—It is clear from the above results that 
the calculation of p K during neutralisation from the constant which 
is based on conductivity will give numbers about 0*2 unit higher 
than those determined by the hydrogen electrode. It remains to 
be found whether these latter p n values have the same effect on 
indicators as thos\derived from known buffer solutions. 

We have selected the buffers of Ringer : 0*15A-Na 2 HPO 4 + 0 *IN* 
NaOH (p K 11—12), and one of Sorensen’s : 0 * 2 iy‘-Na 2 B 4 O 7 4 . 
OdA'-NaOH or HC1 (p& 11 — 8 ). These solutions were matched 
against the piperidine at various stages of neutralisation, by using 
the R.D.H. “ universal indicator,” which can -be made to show 
changes within 0*1 in p n over the range involved. To 10 c.c. of the 
A 710 -piperidine solution were added counted numbers of drops of 
the 0• 55A-hydrochloric acid, from a dropping pipette, 22 drops of 
which were equal to 1 c.c. When the colour matched that of the 
buffer solution containing the same concentration of indicator, thi| 
% of neutralisation was recorded. u 
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No. of 
drops. 

Pk of 
buffer. 

100a. 

PE- 

No. of 
drops. 

pn of 
buffer. 

100a. 

Pz- 

9 

11*74 

22*5 

2*93 

35 

10*05 

87*5 

3*23 

18 

11*19 

45 

3*02 

36 

9*84 

90 

3*33 

22 

11*01 

55 

3*03 

37 

9*50 

92*7 

3-53 

33 

10*33 

82*5 

3*12 

38 

9*41 

95*0 

3*43 

34 

10*15 

85*0 

3*23 

39 

9*21 

97*5 

3*33 


The values determined by the hydrogen electrode are therefore 
confirmed, and the slight trend in Kjb is again found, the values of 
p K rising more sharply when neutralisation is nearly complete. 

In all the middle part of its neutralisation interval, piperidine will 
make an excellent buffer solution : the p K values may be calculated 
from p K — 3*00 ± 0*02 between 15 and 55% neutralisation. In an 
N /10-solution of piperidine which has been 50% neutralised by 
0• 5N -hydrochloric acid, p K is found, both by the hydrogen electrode 
and by indicators, to be 11-10 d: 0-05. This is an accurately defined 
reference point for the measurement of acidity. 

University College, 

Nottingham. [Received, July 16th, 1927.] 


CCLXXXIX .—Researches in the Menihone Series . 
Part V . d-neoisoJf enthylamine. 

By John Bead and George James Bobertson. 

The constitutional formula of the menthylamines admits of the 
existence of four optically inactive and eight optically active 
forms, and of these the only stereoisomerides remaining to be 
prepared and characterised are the raeoZsomenthylamines (compare 
J., 1926, 2209, 2223). Wallach ( Annalen , 1898, 300, 278) obtained 
two bases, now called Z-menthylamine and <i-nepmenthy famine, by 
heating Z-menthone with ammonium formate. We regard both 
these bases as derivatives of Z-menthone (loc. cit .); since, however, 
under the conditions of the experiment Z-menthone is transformed 
partly to d-wmenthone (this vol., p. 1278), we considered that 
the reaction product should contain a corresponding proportion 
of formylated wmenthylamines. By applying the knowledge 
already acquired of the derivatives of active forms, of the three 
knownbases, we have been able to prepare from this product a 
new saJicylidene (o-hydroxybenzylidene) derivative, m. p. 99—100°, 
[a] D — 17-9°, which must be regarded as an active form of salicyl- 
ideneaetiiaomenthylamine (J., 1926, 2225). 

ve already shown that d-wmenthone, when oximated and 
yields d-Zsomenthylamine. Z-Menthone yields Z-menthyl- 


Weha 

’^reduced, 
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amine in a similar way, and gives a mixture of Z-menthylamine and 
d-weomenthylamine in reaction with ammonium formate. By 
* analogy we anticipated that d-isomenthone would furnish d-iso- 
menthylamine and Z-newomenthylamine in the last-named reaction. 
A careful scrutiny of the data suggests that d-tsomenthylamine 
may exist in the formylated mixture, although it has not yet been 
isolated therefrom; the new lsevorotatory salicylidene derivative, 
however, yielded upon hydrolysis a feebly dextrorotatory neoiso- 
menthylamine, having [a] D + 9° in chloroform. The hydrochloride 
also was dextrorotatory, having [a] D + 20-9° in dilute aqueous 
solution. All the other, derivatives, nine in number, as yet pre¬ 
pared from the base display rather small laevo-rotations, thus 
fulfilling the anticipated tendency. Since, however, the free base 
is dextrorotatory, we propose to name it d-^eoisomenthylamine. 
The subjoined summary of melting points and specific rotatory 
powers indicates some of the more important relationships existing 
between the four optically active forms under discussion. The 
values of [a]„ were observed in water for the hydrochlorides and in 
chloroform for the other derivatives (compare J., 1926, 2225): 


Menthylamines. 


Derivative. 


l 

d-neo 

d-iso-. 

d-neaiso-. 

Hydrochloride. 

m. p. 
C a 3n 

280° 

— 36‘6° 

189° 

4-21*5° 

250° 

4-23*6° 

250° 

4-20*9° 

Formyl. 

m. p. 
OId 

102—103 
-83-8 

117—118 

4-53*8 

45—46 

.4-31*3 

Liquid 
— 3*9 

Acetyl. 

m. p. 
Md 

145 

— 81-7 ' 

169—170 
4-53*0 

77—79 

4-30*7 

99—100 

-2*6 

Benzoyl. 

m. p. 
Md 

157 

-62*8 

121*5 

4-22*7 

97—98 

4-18*3 

15J 

-10*4 

^-Naphthalene- 

sulphonyl. 

m. p. 

[ajo 

135 

-53-3 

208 

4-43*7 

80—81 
— 2*8 

120 
-10*7 

Benzylidene. 

m. p. 

Md 

60-—*70 
— 132*5 

45—46 

4-61*7 

67—68 

4-90*7 

68—69 
— 34*2 

Salicylidene. 

m. p. 
[ajo 

57—58 

-119*2 

99—100 

4-30*0 

122 

4-77*6 

99—100 
—17*9 


From these data it is evident that no striking general similarity 
exists between derivatives of the mo~ and neotao-menthylamines 
(compare J., 1926, 2224); further, of the four supposed benzo- 
menthylamides described by Tutin and Kipping (J., 1904, 85, 73) 
two only can now be regarded as pure substances. The data are 
of particular interest when considered in conjunction with, the 
configurational scheme advanced some time ago for the menthyk 
amines (J., 1926, 2213) and reproduced below with the 
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that the £nm$-configuration is adopted, in place of the cis-, for 
menthone (compare this voL, p. 1278) : 


CH S ——H 

CH 3 —j—H 

Ht-J—nh 2 

NH 2 ——H 

hJ^c 3 h 7 

H 1 C 3 H, 

Z(or d )• 

rf(or l)-neo- 

Menthylamine. 

Menthylamine. 

(I.) 

(ii.) 


CH 3 ——H CH 3 —H 

NH 2 ——H H—NH 2 

C 3 H 7 —— H C 3 H 7 —H 

d(ov 1)480* 1 d(or l)-neoiso- 

Menthylamine. Menthylamine. 

(in.) (iv.) 


The adoption of configuration (II), rather than (IV), for d-neo- 
menthylamine (J., 1926, 2213) is now supported by the fact that 
the sense of the optical rotation undergoes a change throughout 
the series of substitution derivatives in passing from (I) to* (II), 
but not in passing from (I) to (IV). Further generalisations 
may also be made which appear to accord with the suggested 
configurational scheme. Excluding (3-naphthalenesulphon-d-£so- 
menthylamide, which is only feebly active, and also the hydro¬ 
chlorides, which differ from the other derivatives in being ionisable, 
it is remarkable that the reversal of the asymmetry of carbon 
atom (3), carrying the characteristic amino-group, invariably 
changes the sign of the optical rotation. On the other hand, the 
reversal of the asymmetry of either of the carbon atoms (1) or (4) 
does not affect the sign of the optical rotation. 

With regard to numerical values, it is seen that the derivatives 
of tram -menthone (I and II) possess greater rotatory powers than 
the derivatives of cis-menthone (III and IV). The most striking 
numerical relationships yet observed between the optical rotatory 
powers of corresponding members of the four series are shown by 
the formyl and acetyl derivatives: the sum of (I) and (IV) is in 
each instance practically equal in amount, but opposite in sign, 
to that of (II) and (III); similar results are obtained by comparing 
the sum of (I) and (III) with that of (II) and (IV), and the sum of 
(I) and (II) with that of (III) and (IV). These relationships do 
not hold for the other derivatives described in this communication, 
but it is hoped to pursue the subject in order to 1 ascertain whether 
any definite principle of optical superposition can be discerned in 
this remarkable series of stereoisomerides. 

The action of nitrous acid on the four types of stereoisomeric 
menthylamines is of particular interest. It must be recognised 
that the configurations which have been assigned to these sub¬ 
stances are based largely upon the assumption that the stereo- 
isomeride which passes most readily into a particular menthol 
| when treated with nitrous acid is configurationally similar to that 
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menthol, the accompanying A 3 -menthene being attributed in such 
instances to the occurrence of a Walden inversion (compare J., 
1926, 2213). Thus, Z-menthylamine and d-isomenthylamine yield 
the largest proportions of Z-menthol and d-isomenthol, respect¬ 
ively, when treated with this reagent. Accepting these processes 
as the normal ones, the simultaneous formation of partly racemised 
d-A 3 -menthene takes place through a Walden inversion, leading to 
the intermediate production of d-neomenthol and an optically 
active weo^omenthol, respectively; these alcohols, since they 
possess a hydrogen atom (4) in the aVconfigurative position to the 
hydroxyl group (3), then undergo dehydration. The formation of 
partly racemised d-A 3 -menthene as the main product in the remain¬ 
ing instances of d-Tieomenthylamine and d-weoZaomenthylamine is 
accordingly regarded as the normal procedure. Z-Menthol, which 
w r e now show to be present in small amount in the product yielded 
by d-?ieomenthylamine, will in this instance arise by virtue of a 
Walden inversion, and it appears that d-neowomenthylamine yields 
J-isomenthol in a similar way. 

Z-Menthylamine, d-weomenthylamine, d-^omenthylamine, and 
d-?ieoisomenthylamine may all be utilised as sources of d-A 3 -menth- 
ene, in varying yields, by the action upon them of nitrous acid 
(compare also Tschugaeff, Ber ., 1899, 32, 3333). In these changes, 
carbon atom (1) alone retains its asymmetry, and a proof is thus 
afforded that the spatial disposition of the groups about this atom 
is similar in the four stereoisomeric bases concerned, as indicated 
in our configurational scheme. An interesting distinction between 
the substances is provided by the observation that the salicylidene 
derivatives of the menthylamines and wmenthylamines are photo¬ 
tropic, while those of the neomenthylamines and d-neoisomertthyl- 
amine are not. 

Experimental. 

Isolation and Characterisation of d-neoiso Menthylamine* —The 
crude oily form-d-weomenthylamide obtained by heating Z-menthone 
with ammonium formate (Wallach, Annalen, 1898, 300, 283) was 
dried in ether solution and distilled under diminished pressure. 
The first fraction consisted of menthone, but 85% of the material 
passed over at 160—166°/9 mm. as a clear, pale yellow syrup, 
which yielded about 30% of its weight of crystalline form-rf-neo- 
menthylamide when kept overnight in contact with dry ether. 
After separation of the crystals by filtration and removal of the 
ether, the remaining syrup had wg* 1-4840 and [a]jf- 2M° in 
chloroform (c = 4*3). Examination showed that the aqueous 
layer formed in the reaction could be discarded. ; 
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The clear solution obtained by hydrolysing the syrup with 
hydrochloric acid (Anncden, 1893, 276, 308) was rendered alkaline 
and steam-distilled; the distillate, when carefully neutralised with 
hydrochloric acid and evaporated to dryness, yielded a colourless, 
crystalline mass of a mixture of menthylamine hydrochlorides. 
A non-volatile part of the alkaline mixture, having b, p. 166— 
176°/9 mm., [a]\f + 6*6°, proved to consist of unchanged formyl 
derivative; selective hydrolysis had thus occurred. In subsequent 
hydrolyses, the boiling with concentrated hydrochloric acid was 
therefore continued for 4—5 hours after the syrup had dissolved; 
the mixture of menthylamine hydrochlorides then obtained had 
[oe]jF — 4° in water (c =* 5*1). . 

Attempts to separate the constituents of this mixture by treat- • 
ment with ether, acetone, methyl alcohol, and other organic solvents 
yielded unsatisfactory results. Fractional extraction of the liber¬ 
ated base from its solution in ether by agitation with four successive 
equal quantities of 0-6JV-hydrochloric acid yielded fractions of 
hydrochloride having [a]5>° — 8-4°, — 5-3°, — 4*6°, and + 1*9°, 
respectively, in aqueous solution (c = 4-5), A certain degree of 
separation was thus effected, but the best results were obtained 
by preparing the salieylidene derivative directly from the mixture 
of hydrochlorides having [oc]}f — 4°, described above. When 
recrystallised twice from light petroleum and once from alcohol, 
material made in this way yielded about 8% of pure salieylidene - 
' d-neoisomenthylamine. This substance forms yellow needles, m. p. 
99—100°, [cc]if — 17*9° in chloroform (c = 2*3). (Found : C, 
78*7. C 17 H 26 ON requires C, 78*75%). A mixture of this derivative 
with about an equal amount of salicylidene-d-T&eomenthylamine 
(m. p. 98—99°) melted at 74—78°. 

Hydrolysis was best effected by boiling the substance (12 g.) 
for 3*5 hours with a mixture of sulphuric acid (8*5 c.c.) and water 
(72 c.c.). Salicylaldehyde was extracted with ether, and d-neoiso- 
menthylamine hydrochloride was then prepared by steam-distilling 
the basified liquid into the requisite amount of dilute hydrochloric 
acid. The crystalline powder obtained upon evaporation was very 
soluble in alcohol or water, and practically insoluble in light 
petroleum or ether. When dissolved in boiling acetone containing 
a trace of methyl alcohol, it crystallised with difficulty in fine, 
silky needles, which did not melt below 250°; [a]g* in water 
- (c = 3*1) was + 20*9° (Found, by titration : Cl, 18*4. C 10 H 21 N,HC1 
requires Cl, 18*5%). Free d-neoisow 2 mthylamine is a liquid which 
resembles the stereoisomeric menthylamines in its odour. The 
g approximate rotatory power was determined by extracting with 
l| eUoroform the base liberated from a known weight of hydrochloride 
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(1*669 g.); the dried chloroform solution (50 c.c.) gave [a]}f + 9° 
(a$ + 0*30° in a 1-dcm. tube). 

The formyl derivative is a viscid oil, having [a]Jf — 3*9° in 
chloroform (c = 4*4). The acetyl derivative is very soluble in 
organic solvents; it crystallised from light petroleum in needles 
which softened at 87°, melted at 99—100°, and showed [a]Jf — 2*6° 
in chloroform (c = 2*7). The benzoyl derivative crystallises from 
alcohol in fine, silky needles, m. p. 151°, [a]Jf — 10*4° in chloro¬ 
form (c = 2*3). The ^napUhalenesulphonyl derivative, after three 
recrystallisations from alcohol, formed hard aggregates, m. p. 120 °, 
[a]jf — 10*7° in chloroform (c = 2*9). Benzylidene-d~neoisomenthyl- 
amine separates from hot methyl alcohol in coarse, colourless needles, 
m. p. 68—69°, [a]g # — 34*2° in chloroform (c = 2*0). A mixture 
with benzylidene-Z-menthylamine (m. p. 69—70°) melted at 45— 
51°. d-neoisoMenthylcarbamide crystallised from ether-light petrol¬ 
eum in fine needles, m. p. 115—116°, [a]Jf — 3*1° in chloroform 
(c = 1*9). d-neoisoMenthylphenylcarbamide forms small needles, 
m. p. 149—150°, [oc]Jf — 12*1° in chloroform (c — 2*5); the pure 
derivative was readily obtained in 75% yield, d-neoiso Menthyl- 
phenyUhiocarbamide crystallises from ether-light petroleum in 
well-developed prisms, m. p. 99°, [a]lf — 6*7° in chloroform 
(c = 3*0). 

Action of Nitrous Acid on d-neoMenthylamine and d-neoiso- 
Menthylamine. —1. d-weoMenthylamine hydrochloride (50 g.), 

obtained by hydrolysing form-c?-neomenthylamide (m. p. 114— 
116°), was treated with nitrous acid in the usual manner (this voL, 
p. 1280), The product contained tarry matter. When distilled 
it yielded a first fraction (16 g.) having b. p. 57—83°/ll mm., 
[a]5f + 58*6° (in ether; c = 1*8), n l g 1*4555, and a second fraction 
(4*2 g.) having b. p. 83—102°/11 mm., ag* — 18*12°, [a]g‘ — 20*1°, 
wg* 1*4630. The latter fraction had an odour of menthol; when 
heated with phthalic anhydride, it yielded a product which, after 
two recrystallisations from light petroleum containing a little 
alcohol, had m. p. 111°, (Vg* — 81*5° (in chloroform; c = 2*1). 
A mixture of this substance with Z-menthyl hydrogen phthalate 
(m, p. 112—113°) melted at 111—113°; it was therefore diagnosed 
as slightly impure Z-menthyl hydrogen phthalate (compare Pickard 
and Littlebury, J., 1912,101, 109). 

2. d-w^oisoMenthylamine hydrochloride (6 g.) was treated 
similarly, a little dilute hydrochloric acid being added during the 
progress of the reaction. The crude product (3 g.) when distilled 
yielded a first fraction (2d g.) having b. p. 76—109721 m, 
«5f + 17>64°, nf 1*4591, and a second fraction'''(0*6..g.) 
b. p. 90—100°/9 mm., [a]5f + 5*5°. (in alcohol e 
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14675. The second fraction, which showed no tendency to crystal¬ 
lise, possessed an odour of isomenthol (this voL, p. 1280). 

Phototropy of Salicylidenementhylamines. 

Of the twelve possible stereoisomeric salicylidenementhylamines, 
nine have now been described, the remaining three being the 
derivatives of d-menthylamine, Z-neoisomenthylamine, and dl- 
weowmenthylamine. The nine stereoisomerides are all normally 
pale yellow in colour, but it is remarkable that certain of them 
display phototropy, while the others do not. When exposed for a 
few minutes to sunlight or to bright daylight, salicylidene-Z-menthyl- 
amine assumes a deep orange colour, but reverts to pale yellow 
when kept for a while in subdued daylight or in the dark. A less 
pronounced change of a similar kind is exhibited by the three 
salicylidenefsomenthylamines, and to a slight extent by salicylidene- 
iZ-menthylamine, but the three salieylideneraeomenthylamines and 
salicylidene-d-neo^omenthylamine are unaffected by the treatment 
indicated. Salicylidene-dZ-menthylamine was originally obtained 
as a liquid (J., 1926, 2227), but when kept for several months it 
changed to a pale yellow, crystalline mass, which softened at 60° 
and melted indefinitely at about 80°. It is hoped in due course 
to undertake a more detailed study of the phototropy of these 
derivatives. 

The authors are indebted to the Carnegie Trust for a Teaching 
Fellowship which enabled one of them (G. J. R.) to take part in 
the work. The investigations are being continued. 

United College or St. Salvator and St. Leonard, 

University or St. Andrews. [Received, August 5 th, 1027.] 


CCXC .—Reactions of Sodium Compounds of Aromatic 
Ketones ... Part I. Synthesis of Triarylcarbinols 
and of Triarylmetkane Dyes , 

By Ernest Harry Rodd and Frank William Linch. 

It has been known for many years that aromatic ketones form 
compounds with metallic sodium in an inert,solvent. The literature 
of the subject, from the original observation by Beckmann and 
Paul (Annahn, 1891, 266, 1) that benzophenone forms a coloured 
compound with sodium, is usefully summarised in Ann. Reports , 
192§, 22, 123—126. Workers in this field have hitherto confined 
themselves to unsubstituted ketones such as benzophenone and 
| phenyl diphenylyl ketone, and have studied the decomposition 
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products of the sodium ketyls with water, oxygen, iodine, and 
methyl iodide with the object of elucidating their structure. Schlenk 
and his co-workers state that benzophenone forms a blue mono- 
sodio-derivative, probably containing tervalent carbon, and a 
violet disodio-derivative, CPh 2 (ONa)Na; the disodio-compound of 
phenyl diphenylyl ketone was actually isolated {Ber., 1914,47,487). 

We were attracted by the possibility of preparing triarylmethane 
dyes by the interaction of the sodio-derivatives of suitably sub¬ 
stituted ketones with halogenated aromatic compounds. The 
observation by Frey ( Ber ., 1895, 28, 2514), that triphenylcarbinol 
is formed from benzophenone and bromobenzene in ether in the 
presence of sodium, made the project appear feasible. Blicke had 
also observed the formation of triphenylcarbinol from benzaldehyde, 
bromobenzene, and sodium, and he assumed the intermediate 
formation of benzophenone ( J . Amer. Ghem. Soc., 1924, 46, 2560). 

Experiments at once showed that Michler’s ketone, pp'-tetra- 
methyldiaminobenzophenone, when heated with chlorobenzene in 
the presence of sodium, gave, after treatment of the product with 
water, the expected carbinol, which was readily converted into the 
well-known dyestuff, malachite green. The formation of the 
sodio-compound of the ketone is extremely slow in ether on account 
of the low solubility of the ketone and the low b. p. of the solvent, 
but in benzene or toluene at 80—100° the reaction is much more 
rapid, and these solvents are suitable for carrying out the synthesis. 
The reaction has been extended to a number of chlorinated hydro¬ 
carbons, including o-chlorotoluene, 4-chloro-ra-xylene, chloro-p- 
xylene, a- and p-chloronaphthalene, and chloroanisoles. In place 
of Michler’s ketone, jpp'-tetraethyldiaminobenzophenone has been 
used; with chlorobenzene, this gives the carbinol corresponding 
with the dye, brilliant green. The condensation of the ketone with 
the chloro-compound requires two atoms of sodium per mol. of 
ketone for its completion; by the use of this proportion, with a 
slight excess of chloro-compound, there is little unchanged ketone 
and no sodium left at the end of the reaction. The reaction may 
therefore be expressed by the equations : 

R 2 CO + 2 Na = R 2 C(ONa)Na; 

R 2 C(ONa)Na + R'Cl = R 2 R'C(ONa) + NaCl, 

From our subsequent study of the ketyl compound, however, it is 
doubtful whether there is ever present any appreciable concentration 
of the disodio-compound^see following paper). 

By means of this reaction several new dyes, not hitherto described < 
because not readily obtainable by known methods, have bee&y 
prepared. The yields are generally substantial; the"' 
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obtained have in some instances been difficult to purify, whilst in 
other instances good yields of the pure triarylearbinol were readily 
obtained. The yield and quality of carbinol obtained vary with 
the reaction conditions and with the mobility of the reacting chlorine 
atom. As by-products, diaryls may be formed by the reaction 
2RC1 + 2Na R*R + 2NaCl. On the other hand, the ketyl 
compound may undergo decomposition with formation of by¬ 
products, and may even react with toluene when this is used as 
solvent. The decomposition of the ketyl compound and its reactions 
will be discussed in Part II (following paper). 

Attempts have been made to obtain dye-bases by heating the 
ketyl compounds with many other benzenoid chloro-compounds. 
The presence of groups which may be attacked by sodium, such as 
nitro- and amino-groups, is always inimical to the reaction, Di- 
chloro-compounds, such as ^-dichlorobenzene and 4:4'-dichlbro« 
diphenyl, gave dye-bases, but difficulty was experienced in purifying 
them; whilst more highly chlorinated compounds, such as tetra- 
chlorotoluene, only gave traces of dye-base, under the conditions used. 

In purifying some of the carbinols obtained, it was observed that, 
when the dye salts were basified with ammonia, the basified product 
had an abnormally high nitrogen content. It was eventually proved 
that basification with ammonia gave, not the carbinol, but the 
corresponding amine, e.g ., C(NH 2 )(C 6 H 4 , My[e 2 ) 2 (C 6 H 4 Me). A 

similar observation has been made by Noelting and Saas (Ber., 1913, 
46, 953), who obtained the amine C(NH 2 )(C 6 H 4 *NMe 2 ) 3 by the 
action of ammonia on an aqueous solution of crystal violet. 


Experimental, 

^-TetraimthyUiaminodijphenybo-tolylcarbinol, 

t(CH 8 ) 2 N‘C 6 H 4 ] 2 C(OH)*C 6 H 4 -CH 3 . 

^A mixture of 134 g. of $p'-tetramethyldiaminobenzophenone, 
2*3 g. of sodium* 7 g, of o-chlorotoluene, and 50 c.c. of dry toluene 
was heated in a closed flask provided with a stirrer at 100—105° for 
16 hours. The ketone dissolved to a pale yellow solution, but as the 
reaction proceeded the mixture darkened and a light brown, 
crystalline powder gradually separated. A little water was added 
to the reaction mixture, and the toluene and any excess of o-chloro- 
toluene were removed by steam-distillation. The brown, gummy 
residue of impure carbinol became semi-solid on standing. From 
the aqueous liquor, a small quantity of j?-dimethylaminobenzoic acid 
was obtained by neutralisation with acetic acid. The crude carbinol 
extracted with ligroin, filtered from insoluble residue, and the 
evaporated. The carbinol so obtained was dissolved in 
of boiling 10% oxalic acid solution and filtered from in- 
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soluble matter. The oxalate separated on cooling in green, bronzy 
crystals. These were redissolved in 100 c.c. of hot water and a 
further amount of insoluble matter was filtered off. This latter 
contained a little unchanged Michler’s ketone. The residue left 
when the crude carbinolwas extracted with ligroin consisted mainly 
of a product crystallising from toluene in colourless needles, m. p. 
190°, which has been identified as pp'-tetramethyldiaminodiphenyh 
benzylcarbinol, [(CH 3 )2N-C 6 H 4 ] 2 0(0H)-GH 2 ‘C 6 H 6 . The mode of 
formation and properties of this substance will be discussed in 
Part II. The solution of the oxalate of the earbinol was basified 
with excess of sodium hydroxide. The blue precipitate of pp'- 
ietrameihyldiaminddiphenyUo4olylcarbinol was filtered, washed, dried, 
boiled out with ligroin, and recrystallised from alcohol. It forms 
small colourless needles, m. p. 132*5°, becoming light blue on exposure 
to air. Yield, 8 g. (Found : N, 7*8. requires N, 7*8%). 

The earbinol is moderately soluble in the cold in the usual organic 
solvents, and readily soluble in warm alcohol and toluene. 

When the oxalate is basified with ammonia, p p'4etramethyl- 
diaminodiphenyl-o4olylmethylamine is obtained, which, when re¬ 
crystallised from ligroin-toluene, has m. p. 163° (Found : N, 11*7. 
CmH 29 N 3 requires N, 11-7%). 

In concentrated sulphuric or hydrochloric acid, the earbinol gives 
a reddish-brown solution which turns green on addition of water, 
finally changing to blue. The oxalate gives an intense blue solution 
in water and a greenish-blue solution in alcohol. Aqueous solutions of 
the salts of the earbinol dye tannin-mordanted cotton greenish-blue. 

Reduction of the carbinol v with zinc and 2iV-hydrochIoric acid 
gavepp'-tetramethyldiaminodiphenyl-o-tolylmethane, white, glisten¬ 
ing needles from alcohol, m. p. 102° (compare Noelting and Gerlinger, 
Ber., 1906, 39, 2042). 

4-Chloro-m-xylene condenses similarly with Miehler’s ketone to 
give $p'4etmmethyMiamimdiphenyl-m-4:-xylylcarbinol. This base 
crystallises from alcohol in small, colourless needles, m. p. 145°. 

^'‘Tetramethyldiaminodiphenyl^misylcarbino^ 

(NMe 2 ‘C 6 H 4 ) 2 G(OH)*C 6 H 4 *OMe. 

—A mixture of 13*4 g. of Micbler’s ketone, 2*3 g. of sodium, 7*5 g, of 
p-chloroanisole, and 50 c.c. of toluene was heated in a boiling water- 
bath for 12—16 hours in a closed flask with a stirrer. The crude 
earbinol, obtained by treating the product with water and removing 
toluene by steam-distillation, was converted into the oxalate, which 
crystallised in bronzy nodules. These were redissolved in hot water, 
filtered from a little ketone, and the solution was basified 
ammonia; the bluish-white earbinol was filtered off, washed with 
little alcohol, and dried. It separated from ligroin^, 
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gum and partly as crystals; yield, 5*8 g. The latter crystallised 
from benzene-ligroin in almost colourless needles, m. p. 153° (Found: 
C, 76*6; H, 7*4; N, 7*5. requires C, 76*6; H, 7*4; 

N, 7*4%). The carbinol dissolves in organic acids, e.gr., oxalic and 
acetic acids, to give intense green solutions. Mineral acids give 
brown solutions turning green on dilution with water. Solutions of 
the salts dye tannin-mordanted cotton greenish-blue. 

pp'-TetramethyMiaminodiphmyl-^-naphthylcarbinol. —A mixture of 
6*7 g, of Michler’s ketone, 1*2 g. of sodium, 4*5 g. of p-chloronaphth- 
alene, and 30 c.e. of dry toluene was stirred for 4£ hours in a boiling 
water-bath. A dark-coloured product separated during the heating, 
and on cooling, a copious, grey, crystalline deposit was obtained. 
This was filtered, washed with a little toluene, and warmed with 
water; the crude carbinol then remained as a yellow, crystalline 
powder. The main impurities are unchanged ketone, (3-chloro- 
naphthalene,and an appreciable amount of p (3-dinaphthyl. The crude 
carbinol was purified by conversion into the crystalline oxalate and 
basification with ammonia; yield, 4*1 g. The carbinol crystallises 
best from aqueous pyridine (in needles) or from benzene-ligroin (in 
prisms), m. p. 181° (Found : N, 7*0. C 27 H 28 N 2 0 requires N, 7*1%). 

pp' - Tetraethyldiaminodiphmyl - $-naphthylcarbinol .—The reaction 
proceeds similarly with equivalent amounts of tetraethyldiamino- 
benzophenone, (3-chloronaphthalene, and sodium. In this case the 
carbinol is easy to purify owing to its sparing solubility in 
hot alcohol, the impurities being readily soluble. The alcohol- 
extracted carbinol , recrystallised from benzene-ligroin, forms colour¬ 
less plates, m. p. 177° (Found: N,* 6*2. C 31 H 36 N 2 0 requires N, 
6*2%). Yield, 51%. The carbinol forms green salts with acids, and 
aqueous solutions of such salts dye tannin-mordanted cotton a 
bright yellowish-green, 

pp f -TetrarMthyUicminodiphenyl^mphthylmrbi7wL —This car¬ 

binol is obtained when a-chloronaphthalene is heated with Michler’s 
ketone and sodium. Owing to the greater reactivity of the a- 
chlorine atom, a much larger proportion of aa-dinaphthyl is formed 
and this product collects in the portion insoluble in oxalic acid. 
The crude carbinol is best purified by solution in hot toluene and 
partial precipitation with ligroin. pp'-TetramethyMiaminodiphenyl- 
a-naphthglcarbiTiol crystallises from acetone in colourless needles, 
m. Pv^o7° (Found : N, 7*0. C 27 H 28 N 2 0 requires N, 7*1%), pp'- 
Teir^rmthyldiaminodiphenyl- a-na/phthylmethylamine, obtained by 
: babying the oxalate with ammonia, has m. p. 186° (Found : N, 10*3. 
requires,!?,, 10*6%). v . 

*utllteY,' Manchester. ■ [Received, 'June $th, l 927.] 

1 ■ ■ ■ . . . , . ■ 
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CCXCI .—Reactions of Sodium 'Compounds of Aromatic 
Ketones . Part II. Their Reaction with Methyl 
and Methylene Croups and their Products of 
Decomposition . 

By Ernest Harry Rodd and Frank William Linch. 

In the preceding paper, it was shown that Michler’s ketone and its 
ethyl homologue combine with sodium in an indifferent solvent to 
form ketyl compounds which react with t aryl chlorides to form 
triarylcarbinols. Further examination of these ketyl compounds 
has shown that they are remarkably reactive and that by their 
means syntheses of a hitherto unrecorded type can be effected. In 
the course of experiments on the action of sodium on Michler’s 
ketone in toluene solution, a product was obtained in considerable 
quantity which was eventually proved to be ^p'-tetramethyldi- 
aminodiphenylbenzylcarbinol, and could only have been produced 
by the action of the ketyl compound on the methyl group of the 
toluene. This compound was found to be identical with that 
obtained as a by-product in the preparation of a triarylcarbinol 
from Michler’s ketone and o-chlorotoluene by the action of sodium 
in toluene solution (Part I). Further experiments showed that the 
ketyl compound readily reacts with methyl and methylene groups 
which are generally only attacked by powerful oxidising agents. 
By this reaction we have been able to prepare with facility a number 
of new compounds which would be obtainable by known methods 
only with considerable difficulty. 

The Emotion between Michler’s Ketone and Toluene in the Presence 
of Sodium. —It has been shown by previous workers (see Part I) that 
benzophenone and other aromatic ketones form disodio-compounds, 
CR 2 (ONa)Na. If a similar compound were formed by Michler’s 
ketone, it should give, when decomposed by water, Michler’s hydrol 
(tetramethyldiaminobenzhydrol). We attempted to prepare the 
hydrol by heating Michler’s ketone in toluene solution with two 
atomic proportions of sodium, and obtained, besides the expected 
hydrol and other by-products which will be discussed later, a con¬ 
siderable yield of pp' -tetramethyldiaminodiphenylbenzylcarbinol (I). 
When benzene was used as solvent instead of toluene, no trace of 
this compound was formed. 

The evidence for the constitution of the compound is as follows. 
Analysis indicated the formula C 24 H 2 8 ON 2 , and a molecular-weight 
determination in camphor gave 350 (calc., 360). The compound 
shows the properties of a colour base, giving deep blue solutions when 
dissolved in dilute mineral or acetic acids, but when the soluttohilli 
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heated the colour disappears. This colour change is due to the 
formation of a new base having the composition C 24 H 26 N 2 , which has 
been identified as $$4etramethyldiaminodiphenylstyrene (II), m, p. 
135°. The new base is evidently formed from the first by the loss of 
the elements of water, and since salt formation first occurs, the 
formation of the styrene may be represented thus : 

PIT Phrrpr pT 1 ,p^ s 'C'0H 4 -NMe 2 Cl 
CH 2 Ph C(OH)^ c ^ NMe 2 ^ CH 2^ c < 0 X-NMe, 


(I.) 

on heating 
->■ 


- 


(Blue.) 


CHPh:C<ge| ; X r HCl (II , 


(Colourless.) 

By oxidation of the tetramethyldiaminodiphenylbenzylcarbinol with 
lead peroxide in dilute hydrochloric acid in the cold, phenykcetic 
acid is obtained, whilst oxidation of the styrene compound readily 
gives first a greenish-blue dyestuff and then benzaldehyde. The 
styrene compound is stable to boiling alcoholic potassium hydroxide, 
but when fused with potassium hydroxide it gives Michler’s ketone. 
All these reactions confirm the constitutions assigned to the two new 
bases. 

The conversion of the carbinol into the styrene derivative is best 
effected by boiling it for a short time with 10% hydrochloric acid; 
when the solution is cooled the styrene separates as a sparingly 
soluble, white, crystalline dihydrochloride. This property facilitates 
the detection of the carbinol and the purification of the styrene. 
The dihydrochloride is hydrolysed by water with precipitation of 
the base. A characteristic property of this styrene, and of other 
similar compounds which we have made, is its oxidation in acetic 
or dilute mineral acid to an intense blue dyestuff by chromic acid 
or lead peroxide. The fact that solutions of the carbinol prepared in 
the cold do not give this reaction but that they give it after heating 
shows that the conversion of the carbinol into the styrene does not 
proceed readily in the cold. The cold oxidation of the carbinol to 
phenylacetic acid illustrates the same point. 

When the identity of the product obained from toluene had been 
established, experiments were extended, and it was found that 
^-xylene gave a similar product with Michler’s ketone, whilst tetra- 
ethyldiaminobenzophenone reacted similarly with toluene in the 
presence of sodium. 

Reaction with Substances containing the Methylene Group .— 
Regarding the formation of a benzyl derivative from toluene as due 
^xidation of the methyl group with simultaneous formation of 
" oil, we considered that a substance containing a readily 
r methylene group should also react with the sodium 
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derivative of Michler’s ketone. As a convenient substance with 
which to experiment we chose ^'-tetramethyldiaminodiphenyl- 
methane. When this was heated with Michler’s ketone and sodium 
in benzene solution, we obtained without difficulty a good yield of 
octamethyltetra-aminotetraphenylethanol, 

(NMe 2 -C 6 H 4 ) 2 C(OH)-CH(C 6 H 4 *NMe 2 ) 2 (III), 
which by dehydration with sulphuric acid gave octamethyltetra- 
aminotetraphenylethylene, which has been described by Gatter- 
mann ( Ber 1895, 28, 2876) and Willstatter and Goldmann (Ber., 
1906, 39, 3765). This observation confirmed our conclusions with 
regard to the reaction products from toluene, and suggested that the 
reaction might be of general application. To obtain further con¬ 
firmatory evidence, carbinols were prepared from (a) Michler’s 
ketone and tetraethyldiaminodiphenylmethane, and (6) tetraethyl- 
diaminobenzophenone and tetramethyldiaminodiphenylmethane, 
and the two carbinols, (NMe 2 *C 6 H 4 ) 2 C(OH)*CH(C 6 H 4 ‘NEt 2 ) 2 (IV) 
and (NEt 2 -C 6 H 4 ) 2 C(OH)*CH(C 6 H 4 -NMe 2 ) 2 (V) were shown to give 
the same ethylene compound by dehydration with sulphuric acid. 

Other substances of diverse character containing the methylene 
group, which have been found to react with the ketyl compound, 
are acenaphthene and fluorene. In each case, the expected com¬ 
pound was obtained without difficulty in benzene solution. Tetra- 
hydronaphthalene, however, failed to react. 

Decomposition Products of (he Sodium Ketyl Compound and the 
Mechanism of its Beaction with Methyl and Methylene Groups .— 
To explain the ready attack of the ketyl compound on methyl and 
methylene groups, it is simplest to assume that the radicals 
CR 2 (ONa)* (where R = NMe 2 *C 6 H 4 ) are the active agents. Since 
Michler’s hydrol is always a product, the reaction, in the case of 
toluene, assumes the form 2CR 2 (ONa)- + CH 3 Ph = CR 2 H(ONa) + 
CR 2 (ONa)«CH 2 Ph. For this reaction, only one atom of sodium 
should be required per mol. of ketone, but when only one atomic 
proportion of sodium was heated with the ketone in toluene solution, 
although in the course of 2 hours the whole of the sodium had dis¬ 
appeared, yet no benzyl compound was formed. • This observation 
led us to make a more careful study of the reaction. 

With 0*95 atomic proportion of sodium, in two experiments, 
after heating in a closed vessel for 2 hours and 16 hours, respectively, 
identical results were obtained: no benzyl carbinol was found, 
about one-third of the ketone was recovered, and the products 
included about 0*1 mob of Michler’s hydrol, 0*2 mol. of dimethyl- 
aminobenzoic acid, and other bases, including much crystal violet* 
These, together with dimethylaniline, are the usual prodncte undll j 
similar conditions;. , 
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When the sodium is increased to 1 *5 atomic proportions, a maximum 
yield of benzylcarbinol is obtained, and sodium remains unchanged 
at the end; no ketone is recovered. The same result is obtained by 
using 2 atomic proportions of sodium. A typical experiment, with 
1 mol. of Michler’s ketone, gave approximately 0*37 mol. of tetra- 
methyldiaminodiphenylbenzylcarbinol, 0*30 mol. of hydrol, 0*08 
moL of dimethylaminobenzoic acid, and 0*11 mol, of colour base. 

When benzene is used as solvent, with 2 atoms of sodium, the 
principal product is Michler’s hydrol, with a fair amount of colour 
base. 


During the reaction, the solution gradually assumes an intensely 
greenish-blue colour, but if air is passed through the apparatus, no 
blue colour is produced, no hydrol is obtained, and most of the 
ketone is recovered unchanged, but some dimethylaminobenzoic 
acid and crystal violet are formed, together with a much redder 
dyestuff, probably indicating oxidation of the dimethylamino- 
groups of crystal violet. 

If a chloro-compound is added to the reaction mixture, when only 
one atomic proportion of sodium or less is used, no blue colour 
appears, but the formation of dye base proceeds at once ( e.g ., of 
malachite green, from chlorobenzene), and only traces of the above 
by-products are formed. 

Whilst we feel that more data are required before an entirely 
satisfactory explanation can be given of all the above observations, 
we put forward the following discussion tentatively. First, with 
regard to the colour of the solution obtained when sodium dissolves 
in a solution of the ketone, it has been freely assumed by Schlenk 
that free radicals of the type R 2 C(ONa)* are coloured, just as Gom- 
bergassumes that free radicals, R 3 0, have colour. If this assumption 
be accepted, then free radicals must always be present in our toluene 
solutions of the ketyl compound at all stages of the reaction, but the 
quantity of free radical present may be very small, since traces of 
oxygen rapidly decolorise the solution. In the presence of a chloro- 
compound, no colour ever appears, and since the formation of a 
triarylcarbinol starts at once, it is probably the monosodio-derivative 
of the ketone which attacks the chloro-compound, as suggested by 
Schlenk and Weickel to explain the action between sodiobis- 
diphenylyl ketone and methyl iodide (Ber., 1911, 44, 1182) : 


2R 2 C(ONa)- + R'Cl 





jpt necessary then to assume am 
oi the ketone (compare Part I) 


R 2 C01(ONa) —> R 2 CO -f NaCl 
the formation of a disodio-co; 

. T\ 
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The non-formation of benzyl compound when only one atom of 
sodium is used may be due to the greater tendency of a monosodio- 
radical to combine with another mol. of ketone than to attack a 
methyl group. We suggest that an intermediate compound, 
probably of the type R 2 C(ONa)*(>CR 2 Na, is formed,* combination 
taking place through the oxygen atom, rather than between two 
carbon atoms. It has been shown recently by Schorigen (Ber., 
1926, 59, 2610) that when sodium acts on complex ethers the point 
of attack is the oxygen atom. Hence, when more than one atomic 
proportion of sodium is available, the intermediate compound would 
be attacked with formation of active free radicals which would attack 
the toluene : 


R 2 C(ONa)-j- 0 

+ C 6 H 5 -CH 2 -|-H CR 2 Na 


+ Na 


R 2 9~ONa 

c 6 h 6 -ch 2 


(j)Na 

HCR 2 


+ Na 


It would appear that the additional sodium acts eatalytically, and 
this agrees with the experimental results, as far as we can interpret 
them. Owing to side reactions, however, it has not been possible 
to determine how much of the sodium employed takes part in this 
reaction. 

The observation that oxygen destroys the blue colour formed by 
the addition of sodium to the ketone, mainly with re-formation of 
the ketone, agrees with Schlenk’s observations on simple aromatic 
ketones (Ber., 1914, 47, 487): 


2R 2 C(ONa)- + 0 2 ~>R 2 C(0Na)-0-0-CR 2 (0Na) ~>2R 2 C:0 + Na 2 0 2 . 


The formation of p-dimethylaminobenzoic acid, crystal-violet 
base, and dimethylaniline as by-products must be attributed to a 
general loosening of the bonds between the aryl radicals and the 
keto-carbon atom in the ketyl compound. Since these products are 
formed to the greatest extent when there is a deficiency of sodium, 
they are probably the result of internal rearrangement in a complex 
molecule or radical, e.g., CR 2 (0Na)-0-CR 2 - -CR(0Na)-0*CR 3 

*+• 3^00 1 

- > R 2 CNa*0*CR(0Na)*0'CR 3 . The last complex on hydrolysis 

should give 1 mol. each of Michler’s hydrol, dimethylaminobenzoic 
acid, and crystal-violet base. Undoubtedly we have not yet 
identified all the by-products, so it is not possible to give a complete 
picture of the changes taking place. We do not exclude the possi¬ 
bility of the formation of the pinacol, R 2 C(ONa)-CR 2 (ONa), but we 
have as yet no evidence for it, 

* This type of intermediate compound was also suggested by Becjonaam 
and Paul (Anndlen, 1891, 266, 1) to explain the formation.**' 
and benzhydrol from the monosodio-derivative of benzophenone. 
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Expeeimental, 

The Miehler’s ketone used for these experiments was the technical 
product, purified by boiling with very dilute hydrochloric acid and 
recrystallising the insoluble portion from alcohol. The toluene 
used was the commercial product, redistilled and dried over sodium. 

ip^'-TetramethyldiaminodipJienylbenzylcarbinol (I).—In a flask 
fitted with a sealed stirrer and a reflux condenser were placed 800 
c.c. of toluene, 268 g. of Michler’s ketone and 46 g. of sodium, and 
the whole was heated in a bath kept at 100—105° for 12 hours, 
with continuous stirring. During the heating, the colour of the 
solution became deep greenish-blue and remained so throughout 
the experiment. The blue colour is destroyed at once by air. The 
contents of the flask were cooled, poured off from the unchanged 
sodium, and treated with ice to hydrolyse the sodium compounds. 
The whole was then steam-distilled to remove the toluene and 
dimethylaniline, if any. The bases were filtered from the alkaline 
aqueous liquor and extracted thoroughly with ether. The residue 
consisted of nearly pure pp '4elramethyldiaminodiphenylbenzyl- 
carbinol , 131 g., m. p. 185°. (In those experiments in which only 
0*95 mol. of sodium is used, the residue at this stage consists of 
nearly pure unchanged ketone, which is also almost insoluble in 
ether.) A similar experiment gave 36 g., m. p. 187°, from 67 g. of 
Michler’s ketone. By recrystallisation from toluene the base is 
obtained in colourless, transparent needles, often pointed at one end 
only, m. p. 190-5° (Found: C, 79-62; H, 7-79; N, 7*72; M , 
cryoscopic in camphor, 350. C 24 H 28 ON 2 requires C, 80-00; H, 7*77; 
N, 7-77%; M, 360), The carbinol dissolves in acetic acid with a 
blue colour, which becomes intense on warming, then quickly 
fainter, and finally very pale blue. 

The other products of the reaction were separated as follows: 
The alkaline filtrate obtained above was neutralised to precipitate 
the p-dimethylaminobenzoic acid, which was filtered, dried, and 
weighed. From the solid residue, consisting of carbinol and other 
bases, the ether had extracted the latter (see above), and this extract 
was freed from solvent and dissolved in dilute sulphuric acid. A 
strong solution of sodium hydrogen sulphite was then added, and the 
mixture warmed at 60°, whereby the Michler’s hydrol was converted 
into jpp'-tetramethyldiaminodiphenylmethane-co-sulphonic acid. 
The solution was made alkaline with sodium hydroxide, filtered from 
the precipitated bases, and the sodium co-sulphonate salted out 

M en dried, it is approx. 80% pure). The bases were extracted with 
^oxalic acid solution (which left a little ketone in those cases 
a deficiency of sodium, seep. 218IVand the solution 



SODIUM COMPOUNDS OP AROMATIC KETONES. PART II. 2185 


yielded a considerable amount of crystal violet oxalate. Other 
bases (unidentified) were, however, also present. 

In one experiment, the dimethylaniHne in the recovered toluene 
was found to be 1*4 g. from 67*0 g. of ketone, and the other products, 
separated as described above, were 27*0 g. of the benzylcarbinol 
(m. p. 190°, crude), 5*0 g. of dimethylaminobenzoic acid, about 
26 g« of Miehler’s hydrol, and 8*5 g. of crude crystal-violet base. 

An experiment was carried out in which the apparatus was sealed 
with special care and connected to a manometer, after the required 
temperature had been attained. There was no evidence of any 
change of pressure, showing that no gaseous products are formed. 

PP-PP -Tetrarmthyldiaminodiphenylstyrerie (II).—This may be 
prepared from the crude p^'-tetramethyldiaminodiphenylbenzyl- 
carbinol by dissolving 20 g. in 100 c.c. of 22V'-hydrochloric acid and 
boiling for \ hour; on cooling, the solution deposits 20 g. of the 
dihydrochloride of the styrene in soft, shining, colourless needles 
(Found in crude product: Cl, 16-0. C 24 H 28 N 2 C1 2 requires Cl, 
17*1%). The basification is carried out by suspending the hydro¬ 
chloride in water and gradually stirring in dilute sodium hydroxide. 
The base, recrystallised from a mixture of acetone and methyl 
alcohol, forms short, pale yellow prisms, m. p. 135° (Found: C, 
84*66, 84*21; H, 7*90, 7*92; N, 8*17. C^H^ requires C, 84*21; 
H, 7*60; N, 8*19%). In a quantitative experiment on the con¬ 
version of the pure benzylcarbinol into the styrene, 0*7662 g. of the 
former gave 0*7250 g. of the latter (theory, 0*728 g.). 

Oxidation of pp'- Tetramethyldiaminodiphenylbenzylcarbinol .— 
14*4 G. of the carbinol were dissolved in 350 c.c. of cold ^-hydrochloric 
acid. A thin paste of 29 g. of lead peroxide was added gradually 
to the stirred solution of the carbinol and oxidation was allowed to 
proceed for some hours at the ordinary temperature. The lead was 
precipitated with sodium sulphate and the filtrate basified with 
sodium hydroxide. The alkaline solution was extracted with ether, 
but the basic products of the oxidation could not be obtained 
sufficiently pure for identification. The solution was then acidified 
with dilute hydrochloric acid and again extracted with ether. After 
removal of the ether, an oily residue was left which solidified on 
standing (5*1 g.). It was recrystallised twice from hot water, giving 
large, glistening plates, m. p. 76—77°. This product had all the 
properties of phenylacetic acid, and its identity was established by 
comparison (mixed m. p.) with a sample prepared from benzyl 
cyanide. 


OctamthylUtra^minotetrap^ (III).—A mixture of 

26*8 g. of Michler’s ketone, 4*6 g. of sodium, 50 g. of ^^tetrametib^l| 
diaminodiphenylmethane, and 100 c.c, of dry benzene wai$,-h^$j|d| 
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at 85—90° for 16 hours with efficient stirring. The sodium was 
separated and the benzene removed by steam-distillation. The 
residual white solid was filtered off and boiled out twice with alcohol 
to remove Michler’s hydrol and other impurities. The insoluble 
white residue (20 g.) was substantially pure octcmethyltetra - 
aminotetrapkenylethaiioL It is sparingly soluble in all neutral 
organic solvents and is best recrystallised from toluene; colourless 
needles, m. p. 255° (Found : C, 77*7; H, 8-0; N, 10*7. C^H^N^O 
requires C, 78-1; H, 8*0; N, 10*7%), It dissolves in weak mineral 
acids or glacial acetic acid to give greenish-blue salts which become 
violet on addition of lead peroxide. 

The same method of preparation and the same molecular pro¬ 
portions of materials were used in the following preparations. 

oca-4 : -Tetraethyldiaminodiphenyl - £[3 - 4 :4'- tetramethyldiamino- 
diphenylethan-a-ol (V) from pp ' -tetraethyldiaminobenzophenone and 
^'-tetramethyldiaminodiphenylmethane: white needles from 
toluene or alcohol-chloroform, m. p. 228° (Found: N, 9*6. C 38 H 50 N 4 O 
requires N, 9*7%). 

aa-4 : 4'- TetramethyUiaminodiphenyl - p [3 - 4 : 4'- tetraethyldiaminodi - 
phenylethan-<x-ol (IV) from pp'-tetramethyldiaminobenzophenone 
and pp '-tetraethyldiaminodiphenylmethane : white needles from 
toluene or alcohol-chloroform, m. p. 229—230° (Found: N, 9*6, 
Qj 8 H 5 oN 4 ° requires N, 9*7%). 

Both compounds dissolve in dilute mineral acids or glacial acetic 
acid, giving greenish-blue solutions which turn violet on the addition 
of a little lead peroxide. These ethanol derivatives were converted 
into the corresponding ethylene compounds by warming with con¬ 
centrated sulphuric acid. 

Octamethyltetra-aminotetraphenylethylene, 

(NMe 2 -C«^ 

—5G, of theethanol were dissolved in 25c.c. of concentrated sulphuric 
acid and warmed for \ hour in a boiling water-bath* The pale green 
solution was poured into ice water and the base precipitated by the 
addition of sodium hydroxide as a yellowish-white powder; yield 
4*7 g. It crystallises from acetone-methyl alcohol in greenish- 
yellow needles, m. p. 314—316° (Gattermann, J?er„ 1895, 28 , 2876, 
gives m. p. 310—315°) (Found: N, 11 * 1 . Calc, for 03 ^^: 
N, 11 * 1 %), It forms colourless salts when dissolved in acids, but 
the solutions turn violet on the addition of a little lead peroxide. 

aa-4 : 4' -Tetraethyldiaminodiphenyl- £ (3 - 4:4' -tetramethyldiamino- 
diphenylethanol and aa-4 : 4'-tetramethyldiaminodiphenyl-pp-4 : 4 '- 
p tetraethyldiaminodiphenylethanol when warmed with concentrated 
acid gave the same product, viz., aa- 4 : i f -tetraetkyldu 
- PP-4 : 4'- tetrametkyMiamimdiphenylethylem, pale 
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yellow needles from alcohol-chloroform, m. p, 212°. The identity 
was established by mixed melting-point and nitrogen determinations 
(Found : N, 10*0, in each case. C 38 H 48 N 4 requires N, 10*0%). 

4:4 '-Tetramethyldiaminodiphenylacenaphthenylcarbinol, 

(NMe 2 *C 6 H 4 ) 2 C(OH)*C 12 H 9 . 

—A well-agitated mixture of 26*8 g. of Michler’s ketone, 4-6 g. of 
sodium, 30 g. of acenaphthene, and 100 c.c. of dry benzene was 
heated at 85—90° for 16 hours. The excess of sodium was separated 
and the benzene removed by steam-distillation. The residual 
crystalline mass was filtered off and boiled several times with alcohol 
to remove impurities. The white, insoluble residue (12 g.) was re¬ 
crystallised from toluene; colourless needles, m. p. 232° (Found: 
N, 6*7. C 29 H 30 (M 2 requires N, 6*6%). It dissolves in dilute 
mineral acids or glacial acetic acid to reddish-blue solutions. These 
solutions are almost decolorised by boiling, and on the addition 
of a little lead peroxide the resulting solution assumes a violet 
colour. 

4:4 '-TetramethyMiaminodiphenylmethyleneaceriaphthene, 
(NMe 2 -C 6 H 4 ) 2 C:C 12 H 8 .' 

—Since concentrated sulphuric acid sulphonates the acenaphthene 
nucleus, in this case the ethylene derivative was prepared by 
boiling 5 g. of the ethanol for an hour with aqueous hydrochloric 
acid. On cooling, a crystalline hydrochloride was deposited in fine, 
white needles. The base was obtained as a greenish-yellow powder 
by basifying with sodium hydroxide. The dried product (4-7 g.) 
was recrystallised from chloroform-alcohol; pale yellow plates, 
m. p. 209° (Found: N, 7*0. C 29 H 28 N 2 requires N, 6*9%). It 
dissolves in acetic acid to a colourless solution which turns violet 
on addition of lead peroxide. 

4 : i'-TetramethyUiaminodiphenylmethylenefluorene , 

[N (CH 3 ) a -C 6 H 4 ] 2 0:C<5«5 4 - 

—A mixture of 13*4 g. of Michler’s ketone, 2-3 g. of sodium, 20 g. 
of fluorene, and 50 c.c. of dry benzene was heated with stirring at 
85—90° for 16 horns. The unchanged sodium (0*5 g.) was separated 
and the benzene removed by steam distillation. The residual, 
orange, crystalline product was boiled three times with alcohol 
and the insoluble residue (8*5 g.) was recrystallised first from toluene 
and finally from chloroform-alcohol; pale yellow needles, m. p. 
239—240° (Found: N, 6*7. requires 1ST, 6*7%). It 

dissolves in dilute mineral acids or acetic acid to a pale yellowish- 
green solution which turns blue on addition of lead peroxide, In 
this case, dehydration of the carbinol to the ethylene derivative 
occurred at some stage which has not been determined, -.& 
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The analyses recorded in Parts I and II were carried out by Mr. 
W. H. Cliffe, whose help we gratefully acknowledge. The work 
was carried out in the Research Department of the British Dyestuffs 
Corporation, Ltd,, to whom our thanks are due for permission to 
publish it. 

Blackley, Manchester. [Received, June 8th, 1927.] 

Addendum .—Since the above work was completed, a paper by 
Madelung and Volker has appeared (J. pr. Ghem ., 1927, 115, 24), 
in which the formation of pp'-tetramethyldiaminodiphenylbenzyl- 
earbinol and of pp'-tetramethyldiaminodiphenylstyrene from 
Michler’s ketone and magnesium benzyl chloride is described, the 
styrene being the principal product. The m. p/s are stated to be 
173° and 129°, respectively, whereas our m. p/s are 190*5° and 135°. 
The above authors 5 compounds are evidently impure, and are most 
probably contaminated with unchanged ketone, since our observ¬ 
ations have shown that with Michler’s ketone the Grignard reaction 
only proceeds to a very limited extent. It is to be noted that earlier 
workers, by the action of magnesium alkyl halides on Michler’s 
ketone, never obtained carbinols, but always the corresponding 
ethylene derivative. Madelung and Volker state that the earbinol 
and the styrene both give the same blue colour in acetic acid ( loc . cit 
pp. 29,41). This does not agree with our observations; we find that 
the former gives a very intense blue colour with cold acetic or with 
one equiv. of dilute mineral acid, comparable in intensity with 
the colour given by a true triphenylmethane-dye base, whilst the 
styrene gives a very weak colour. 'When the intensely coloured 
solution of the earbinol in acid is heated, the colour gradually 
disappears and finally approximates in intensity to that given by the 
styrene. 


CCXCII .—On Active Nitrogen. Part III. Active 
Nitrogen and the Metals. 

By Eric Joks B-azter Willey. 

Whilst metallic vapours readily combine -with active nitrogen to 
formnitrides (Rayleigh, Proo. Boy. Soo., 1913, A, 88, 539; Willey, 
J. 8oe. Chem, Ind 1924, 43, 263), the clean, cold metals rarely 
exert any noticeable influence upon the afterglow. In ordinary 
|pidrcumstances, copper forms the only exception to this statement, 
E^ut if mercury or low-melting alloys of lead be employed and .the 
bubbkd through the liquid, this rapidly becomes foul and 
g,^alhmdant nitride formation occurs, suggesting that the inactivity 
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of the clean and cold metals is due to the formation of a skin of 
nitride, which, being inactive, protects the underlying portions of 
the metal against attack. In view of the fundamental importance 
of nitride formation in the catalysts employed in the synthesis of 
ammonia, it was decided to investigate in some detail the effect of 
active nitrogen on the metals; the results obtained support the 
foregoing theory, and, moreover, it has been found that in several 
cases the metals become active catalysts in the destruction of the 
afterglow at the temperature of decomposition of their nitrides. 
The experimental data also show that the energy of active nitrogen 


Fia. l. 



is ca. 45,000 cals./g.-mol., in excellent agreement with the value 
advanced in earlier communications (J., 1926, 1804; this voL, p. 
669), and that the decay process is probably bimolecular with 
respect to the active nitrogen. 


Experimental. 


The apparatus employed is shown in Fig. 1. Active nitrogen, 
cooled to room temperature by passage down a thin-walled tube, 
flowed over the filament, F, which served both as a resistance 


thermometer and as a heating coil. The galvanometer and leads 
were enclosed in an earthed shield, and an auxiliary electrode, atea: 
earthed, was provided between F and the end of the disch^:^^ |||| 
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order to afiord protection from stray discharges; in this way, 
disturbance of the Wheatstone circuit was avoided. The filament 
was silver-soldered to heavy copper leads sealed through the ground 
joint as shown. 

It was found that both with a bare platinum filament initially 
at room temperature and with filaments of other metals, as well as 
those obtained by electrodeposition of coatings so thin as not 
appreciably to alter the resistance of the original platinum, a very 
definite increase in temperature occurred when active nitrogen 
was drawn through the apparatus; this was least in the case of 
molybdenum and tungsten, and greatest with smooth-surface 
copper. No such increase in temperature was observed when the 
filament was replaced by a thermometer, thus showing that the 
heating effect is due to the decay of the endothermic active nitrogen 
at the surface of the metal. 

With platinum, iron, silver, zinc, tungsten, and molybdenum, 
the relationship between the velocity of the gas stream (measured 
upon an arbitrary scale) and filament temperature was linear 
between the limits examined. The figures obtained for platinum 
are typical ; 


Flow speed .. 0*0 4*0 6*5 8*5 10*3 12*3 

Resistance . 1*302 1*313 1*320 1*325 1*330 1*335 


(Owing to the limited capacity of the pump, it was not possible 
to work with flow speeds above 1*5 litres/hour, measured at atmo¬ 
spheric pressure.) 

With a copper-coated filament, however, the temperature incre¬ 
ment was much greater than that obtained previously and the 
glow ceased abruptly at the metallic surface; moreover, the curve 
obtained (Fig. 2) is different in form, the temperature rapidly 
increasing to a value at which it remains constant over a certain 
range of flow rate, and then again increasing. The existence of 
this flat portion, AB, is explicable on the assumption that the 
maximum destruction of active nitrogen at the surface is reached 
with a gas-velocity corresponding to the ordinate of A, but that 
at B the gas-velocity is high enough to set up turbulent motion 
round the filament, causing increased circulation of the gas and u 
consequent increase in the number of molecules deactivated by the 
metal. Support for this view was obtained in two ways. It was 
noticed that so long as the gas-velocity was not too high, the coating 
of copper remained intact and the experiments could be repeated 
as often as desired. Above a gas-velocity corresponding closely 
B, however, the point at which the afterglow ceased (initially 
feabout 2 m. downstream in such experiments) began to recede 
^ Rapidly, until after about a minute no afterglow was visible except 
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for localised patches round the electrodes. When the filament was 
dismounted, the copper coating was found to have vanished almost 
entirely, whilst the walls of the bulb had become reddish-brown in 
colour, just as if they had been “ spattered 99 from a copper cathode. 
Prolonged treatment of the glass with nitric acid produced no 
change in its colour, and little or no copper could be detected in 
solution; but quantitative tests in which a long filament was first 
plated with copper and then cut in two, one half being used for a 
colorimetric determination of the copper and the other being 
subjected to the action of active nitrogen, showed that nearly the 
whole of the copper lost from the wire could be recovered from the 
bulb if this were powdered and fused with sodium carbonate. 
Even with the most rigorous protection against stray discharges, 
the result was the same, and hence it would appear that the dis¬ 
integration is due to the evolution of heat at the copper surface 
owing to the decay of large amounts of active nitrogen thereat, 
whilst the scattered metal has so strong a catalytic effect as to 
“ poison ” the glass. 

The nature of the copper surface has a great influence in this 
connexion. If the plating is spongy, the curve obtained shows 
only the merest trace of flattening, and the disintegration is rapid 
even at lower gas velocities than before. This “ spattering ” effeot 
was still more pronounced when the coating had been prepared 
in situ by the reduction of copper oxide by means of active hydrogen 
in an auxiliary apparatus, whilst commercial copper wire which 
had been carefully cleaned did not show it at all. No other metal 
showed any disintegration. 

It seems probable, therefore, that, in the case of other metals, 
the linear relation between gas-velocity and filament temperature 
corresponds with the portion of the curve to the left of A (Fig. 2), 
and that if a sufficiently high flow speed could have been attained, 
they would have given curves showing a similar flattening. It is 
possible, upon the basis of the data obtained here, to calculate 
(i) the relative order of catalytic efficiencies of these metals for the 
destruction of active nitrogen, and (ii), provided a certain assump¬ 
tion be made, the order of the decay process of active nitrogen. 

(i) All other factors remaining constant, the increase in the 
temperature (A T) of a filament will be directly proportional to its 
area (A) and to the catalytic efficiency of the metal (E) i and 
inversely proportional to its weight {W), i.e,, LT = hAEjW . Now 
it was noticed that when a current of active nitrogen was drawn 
past a copper-coated filament, the glow appeared to be entirely 
extinguished provided that the flow speed was not too high, and; 
hence we may assume that in these circumstances the whole of 41$^ 
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active nitrogen reaching the surface of the filament was transformed 
to the inert variety. We may thus calculate the catalytic efficiencies 
of the various metals employed, relative to copper as unity, as 
shown in Table I. The measurements were all made with filaments 
immersed in nitrogen flowing at the rate of 1*5 litres /hr. (measured 
at N.T.P.), the gas being at a pressure of 10 mm, Hg and containing 
1*5% of active nitrogen. 

Table I. 


Metal. 100 W . AT. A X 10*. K 

Platinum . 0*85 8-0 2*2 0-24 

Silver .. 2-1 12*5 3-9 0-26 

Zinc ..... 2-1 12-5 3*9 0*26 

Iron .... 2*0 13*0 3*7 0*27 

Copper (smooth) ... 1*15 36*0 2*8 1-00 

Copper (spongy) . 1*84 15*0 3*6 0*33 

Tungsten .. ..... 2*3 0*0 — 0*0 

Molybdenum... 0*8 0*0 — 0*0 


(ii) Let us make the very probable assumption that a constant 
fraction of the active nitrogen present at any instant is decomposed 
at the filament surface; then, from the linear relation between the 
flow speed and the temperature increment in the filament, we see 
that the number of active nitrogen molecules present at any instant 
varies directly with the flow speed of the gas and therefore inversely 
as the time (t) taken for a molecule to travel from the discharge to 
the filament, i.e., 

[Ng] = k'/t, or - d$$ z ']/dt - 7c'/* 2 . 

Hence the decay process is, upon this assumption, bimolecular 
with respect to the aotive nitrogen. 

It was hoped to use the results of these experiments in con¬ 
junction with’the Hertz-Knudsen equation (which provides a means 
of calculating the number of molecular impacts per unit area per 
second) to evaluate the energy of aotive nitrogen. Such attempts, 
however, did not lead to intelligible results. It was then thought 
that if the “ blanketing ” effect of the converted nitrogen round 
the filament could be eliminated by the use of a hot wire, data of 
more value might be obtained, for it is obvious that the conditions 
obtaining near the cold filaments are somewhat complicated. 
Furthermore, the metals should, ex hpgothesi, become completely 
active at or about the temperatures of decomposition of their 
nitrides, and this view was tested in the next series of experiments. 
The temperature of the wire was gradually raised by altering 

R adjustmmt of the rheostat, and its resistance was determined 
each setting in a stream of inert nitrogen at 10 mm. pressure, 
onstaaa& ’flow speed being maintained all the time ; the usual 
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parabolic relationship between current and resistance was obtained, 
as shown in Figs. 3 a, b, and c. The nitrogen was then activated 
and the procedure repeated, with the result that in the case of 


Fig. 3a. 
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iron (Pig. 3o), platinum, and silver (Pig. 3 a) marked ‘'breaks’^ 
were found in the curves, at ca. 300°, 92°, and 30°, reapeotiv 
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active nitrogen reached the filament, indicating that it was being 
destroyed by the hot wire. No departure from the calibration 
curve was noticed with tungsten and molybdenum filaments, but 
with copper (Fig. 3 b) the form of the curve shows that the section 
above the break has already been reached even at the ordinary 
temperature. 

It will be noticed that, in the case of the iron-coated filament, 
the curves obtained for increasing and decreasing values of the 
current do not coincide; it is possible that this is due to sintering, 
in view of the temperature to which the filament was raised, for 
when the original deposit was replaced by a fresh one the dis¬ 
continuity occurred just as before. No formation of nitride was 
observed in any of these experiments, but the platinum filament 
became coated with a dense layer of platinum-black, as observed 
by Beilby and Henderson (J., 1901, 79, 1253) when this metal was 
heated in a current of gaseous ammonia. 

Since it seemed likely that the comparative inactivity of com¬ 
mercially drawn copper wire as a catalyst for the decay of active 
nitrogen is due to surface phenomena which might be minimised 
when a hot filament is in contact with active nitrogen, the ordinary 
material was used in this case, with the result, as will now be 
shown, that complete activity appeared when the hot metal was 
used. The significance of these breaks in the curves is clearly 
that at the temperature concerned the filament is becoming cata- 
lytically active in the destruction of active nitrogen; energy is 
therefore being liberated and the rise in temperature of the filament 
follows. From these data we may evaluate approximately the 
energy of active nitrogen, as follows. 

Consider two points, A and B, on a line parallel to the abscissa 
(in Fig. 3 a) which is drawn to cut the two curves where they have 
become approximately parallel. Then the energy supplied by the 
active nitrogen (in cals./sec.) is 

4*2 . .... (i) 

where R T is the ohmic resistance of the filament at the points A 
and B, and C A and C B are the currents (amps.) corresponding to 
A and B, respectively. 

Since at this point the glow had almost entirely been lost in the 
gas below the filament, we may assume that all the active nitrogen 
passing was destroyed, and from a knowledge of the flow rate of 
the gas and its active-nitrogen content we can calculate n, the 

S lumber of molecules undergoing conversion per second. Thus from 
| we have C Z A ) = nq, where q is the energy of a single 
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molecule of active nitrogen. The energy of active nitrogen per 
g.-mol., Q, is then given by the expression : 

Q = R T (Gh - Ch) X 6-06 x 10*/4-2n. 





Table II. 



Metal. 


Ca- 

C s . 

Flow speed 
(c,e./hr. 
at N.T.P.) 

nx 10~ 17 . 

o. 

Platinum ... 

0-530 

0-45 

0-54 

1500 

1*7 

40,200 

Silver .. 

0-180 

0-92 

1-24 

3000 

3-4 

52,700 

Copper . 

0-175 

0-48 

0-80 

2000 

2-2 . 

47,000 





Mean 

46,600 


It will be noticed that if evaluations of Q are made from the two 
curves just after activity has set in, values much higher than 
46,000 cals./g.-mol. are obtained. This is probably due to the 
“blanketing” effect mentioned on p. 2192, and it was therefore 
necessary to make calculations from points on the curves cor¬ 
responding to a sufficiently high temperature to ensure an adequate 
circulation of the gas, i.e., from points at which the curves are 
parallel. 

It now remains to discuss the probable mode of action of the 
metals upon active nitrogen. The existence of definite points at 
which they became active (and in two cases, a definite action of 
the active nitrogen upon the metal surface) would point to the 
catalytic decay process being due to the alternate formation and 
decomposition of the nitride, and the temperatures in question 
lend a certain measure of support to this view. This is most 
apparent in the case of iron, since the activity sets in at about 
300° and the nitride commences to decompose between 300° and 
400° (Baur and Voerman, Z. physikal. Chem 1905, 52, 467; White 
and Kirschbraun, J. Arrnr , Chem. Soc ., 1906, 28, 1343; Noyes 
and Smith, ibid 1921, 43, 475), The temperatures of decom¬ 
position of the corresponding substituted-ammonia compounds of 
silver, platinum, and copper do not appear to have been determined, 
although the data of Beilby and Henderson (Joe. cit.) show that 
they are comparatively low, and in the absence of evidence to the 
contrary we may regard this tentative explanation as justified. 

Summary. 

The catalytic activity of certain metals in the form of fine fila¬ 
ments in accelerating the decay of active nitrogen has been studied 
both at the ordinary and at higher temperatures. From the data 
obtained an evaluation of the energy of active nitrogen has been 
made which agrees well with the value already found* and it appeal 
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that the activity of the metals in this respect probably depends 
upon the stability of their nitrides; of the metals employed, copper 
appears to be by far the most active. It has also been shown that 
the decay process of active nitrogen in the gas phase is bimolecular 
with respect to the active nitrogen. 

The author’s acknowledgments are due to Dr. E. K. Rideal for 
his interest and advice with regard to these experiments. 

Laboratory of Physical Chemistry, Cambridge. 

[Received, March 21st, 1927. Amended, August Sth, 1927.] 

CCXCIIL— A Synthesis of Pyrylium Salts of Antho - 
cyanidin Type . .Part XIV . 

By Alexander Robertson and Robert Robinson. 

All the anthocyanins derived from cyanidin chloride (3:5:7 : 3': 4'~ 
pentahydroxyflavylium chloride) which have been described by 
Willstatter and his collaborators give a strong ferric chloride reaction, 
and hence the attachment of the sugar residues to positions 3' and 
4' is highly improbable. Moreover, we know that the free hydroxyl- 
group combination (3:7 : 3': 4') leads to the exhibition of an alkali 
colour-reaction practically identical with that due to the combin¬ 
ation (3 : 5 : 7 : 3': 4'), whilst, on the other hand, the combination 
(5:7: 3': 4') produces a different effect. The evidence would 
clearly be much more complete if the effect of the combination 
(3:5 : 3': 4') could be estimated, and the present communication 
includes a description of flavylium salts containing free hydroxyl 
groups in these positions. The results may be stated as follows. 
The combination (3 : 5 : 3': 4') is intermediate between (3 : 7 : 3'; 4') 
and (5 : 7 ; 3': 4')> and whilst it is closer to the former in one sub¬ 
stance, it is closer to the latter in another; thus the influences of 
small constitutive variations are sufficiently pronounced to diminish 
the value of the argument from the colour-reactions. The present 
results are, however, in complete agreement with the conclusions 
of Pratt and Robinson (J., 1925,127, 1131) regarding the constitu¬ 
tion of the anthocyanins. In order to obtain 3:5:3': 4 '-tetra- 
hydroxyflavylium salts by the usual methods, we required 2:6- 
dihydroxybenzaldehyde or a suitable derivative. The first line of 
fMmk was through p-orsellinic acid, the method for the prepar- 
pSon of which has been greatly improved. The acid could not be 
directly by means of sodium amalgam in the presence of 
^ric acid and j?-toluidine (or sodium bisulphite), although Weil 
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( Ber ., 1922, 55, 224, 301, 2664) has applied this process with satis¬ 
factory results to the reduction of derivatives of salicylic acid. 
Next, 2: Q-dimethoxyA-methylbenzoyl chloride (I) could not be 
reduced directly by Rosenmund’s method, neither could the imino- 
chloride derived from the related p -toluidide be reduced by following 
the conditions prescribed by Sonn in analogous cases (Ber,, 1919, 
52, 1927). The nitrile corresponding to (I) could, however, be 
reduced by an application of the method due to Stephen (J., 1925, 
127, 1874), although the aldehyde (IX) was obtained in poor yield 
and was found to be useless for the special purpose in view. Finally, 
we succeeded in obtaining a substituted 2 :6-dihydroxybenzalde- 
hyde, namely, m-xylorcylaldehyde (III), by applying the Gattermann 
synthesis to m-xylorcin. The aldehyde is a bright yellow substance, 
and for this reason it may be best represented by the constitution 
(IV). 



Me 


/\ Me/\de 
MeOlJOMe HOlJoH 

CHO CHO 


(i.) (ix.) (m.) 


Me/'Vfe 

H°Uo 

CH(OH) 

(IV.) 


On condensation with o: 4-dimethoxyacetophenone and 
methoxyacetoveratrone in formic acid solution under the influence 
of hydrogen chloride, the m-xylorcylaldehyde readily yielded 
flavylium salts which, after demethylation, had the formulae (V) 
and (VI), respectively. 



The reactions of (V), taken in conjunction with other similar 
data, suggest that pelargonin is a pelargonidin 5-diglucoside and 
callistephin a pelargonidin 3-glucoside, but in view of the problem¬ 
atic effect of the methyl groups, the 7-saccharide configuration is 
not definitely excluded in either case. The alkali colour-reaction 
of (VI) is similar to that exhibited by mecocyanin, but the methyl 
groups may have a reddening influence, as indeed the properties 
of rhamnetinidin (see below) suggest. A survey of commercial 
dyestuffs provides no certain guide as to the probable effect on the 
colour of the substitution of methyl for hydrogen. 'Thus m Bern 
magenta is bluer than magenta, but phenosafranine is 
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safranine-T, and further conflicting cases could be quoted. In 
order to obtain a flavylium salt with free hydroxyl groups in the 
positions 3 :5 ; 3': 4', still more closely related to a cyanidin 7- 
glucoside, we have reduced the flavonol rhamnetin (VII) to the 
related rhamnetinidin chloride (IX). Rhamnetin is known to be 
quercetin 7-methyl ether because on fission it yields phloroglucinol 
monomethyl ether, and on methylation quercetin 3:7:3' 4'- 
tetramethyl ether, the so-called yellow quercetin tetramethyl ether. 
The specimen employed was derived from xanthorhamnin and was 
free from quercetin and rhamnazin. The reduction of quercetin to 
cyanidin chloride was accomplished by Willstatter and Mallison 
(JSitzungsber. K, Ahad . Wise. Berlin, 1914, 769), who employed 
magnesium as the reducing agent in methyl-alcoholic hydrogen 
chloride solution; the yield was poor and the product was difficult 
to isolate. We made many unsuccessful experiments with the 
object of improving the direct method, and therefore had to resort to 
an indirect process. 

Rhamnetin was acetylated and reduced by zinc dust in boiling 
acetic anhydride solution (Herzig’s acetylating reduction). The 
product [probably containing (VIII)] was then hydrolysed by means 
of aqueous-alcoholic hydrochloric acid with formation of rhamne- 
tinidin chloride and other substances. This method constitutes 
an advance, although the yield of pure product remains unsatis¬ 
factory. The insoluble by-products probably arise from a pinacol 



formed in the reduction, and the optimum conditions for the process 
are being studied in detail in connexion with the reduction of 
quercetin and kaempferol. The alkali colour-reaction of rhamne¬ 
tinidin is much closer to that of cyanidin and cyanin than to that of 
mecocyanin. This is the most definite evidence at our disposal, and 
it points clearly to the conclusion that mecocyanin, chrysanthenin, 
asterin, idaein, keracyanin, and prunicyanin are cyanidin 3-sac-' 
charides. Similarly, cyanin is indicated as a cyanidin 5-diglucoside, 
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but we are on less safe ground here, since it is the general experience 
that purification of an anthocyanidin makes the alkali colour- 
reaction become bluer and never redder. Whilst, therefore, the 
fact that rhamnetinidin surpasses mecocyanin in the purity (absence 
of red) of the blue colour of its alkaline solutions could hardly be 
explained away as due to impurity of the rhamnetinidin (the presence 
of cyanidin in significant amount being excluded by the determin¬ 
ation of methoxyl content and by the ascertained absence of 
quercetin in the rhamnetin employed), yet we could not, in view of 
the circumstances, be sure that further purification would not yield 
a rhamnetinidin having reactions identical with those of cyanin and 
cyanidin. 

Experimental. 

p -Orsellinic Acid and some Derivatives .—The method adopted for 
the preparation of the acid is based on that by means of which 
Brunner (Annalen , 1907 , 357, 321) obtained y-resorcylic acid in 
40% yield from resorcinol. A mixture of orcinol (20 g.), potassium 
bicarbonate (40 g.), and glycerol (40 g.) was heated (oil-bath at 
115—120°) for 6 hours in an atmosphere of carbon dioxide. The 
p-orsellinic acid (16 g.) isolated from the reaction product is 
almost pure and, after crystallisation from boiling water (some 
decomposition to orcinol) and drying at 100°, had m. p., 165—166° 
(decomp.). The methyl ester has previously been obtained by 
Herzig (Monatsh., 1903, 24, 894) by the action of diazomethane on 
the acid. We have prepared the substance by the action of methyl 
iodide on silver jp-orsellinate in boiling benzene solution. It 
crystallises from light petroleum in elongated, flat prisms, m. p. 
93—94° (Herzig gives m. p. 98—99°) (Pound: C, 59*4; H, 5*7. 
Calc, for C 9 H 10 O 4 : C, 59*4; H, 5*5%). The m. p. could not be 
raised by repeated crystallisation. The ethyl ester has previously 
been obtained by Lipp and Schiller (Ber, } 1909, 42, 1967) as a by¬ 
product from the condensation of ethyl sodioacetoacetate and 
propylene dibromide. These authors quote the m. p. 61°; we 
applied the silver-salt method and our ester crystallised from 
60% alcohol in prismatic needles, m. p, 02°. These esters, like 
p-orsellinic acid, give a blue coloration with ferric chloride. [The 
publication of Wagenhofer on the complete methylation of 
p-orsellinic acid (Monatsh,, 1924, 45, 223) appeared in the course of 
our work.] The acid (15 g.) was methylated by means of methyl 
sulphate (58 g.) and aqueous sodium hydroxide, giving methyl 
p-orsellinate dimethyl ether (12 g,). This ester has m. p. 88°, 
and on hydrolysis yields the acid, m. p. 180—182° (decomp.) (Pound: 
0, 61*5; H, 6-3. Calc, for C 10 H X A: 0, 61*3; H, 6*1%) (Herzig, 
loc. cit ,, gives m. p. 178°). 
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2 : k-Dimethoxy-Q-methylbenzaldehyde (Orcylaldehyde Dimethyl 
Ether). —This substance, stated to melt at 62°, has been prepared by 
Gattermann by nuclear synthesis from orcinol dimethyl ether 
(Annalen, 1907, 357, 372). We prepared the compound from 
orcylaldehyde in order to carry out certain confirmations of orient¬ 
ation, and because we were attempting the synthesis of the 
isomeric orcylaldehyde dimethyl ether. The methylation of the 
aldehyde (1 mol.) was effected by means of methyl sulphate (1*5 mol.) 
and aqueous sodium hydroxide (2 mol.). The alkali-insoluble 
product crystallised from light petroleum in small, colourless 
needles, m. p. 64—65°. On oxidation with potassium permanganate, 
orsellinic acid dimethyl ether was obtained in good yield. This 
crystallised from 20% acetic acid in glistening prisms, m. p. 143— 
144° (decomp.) (Found: C, 61*2; H, 6*2. Calc, for C 10 H 12 O 4 : 
C, 61*3; H, 6*1%). The acid (m. p. given as 140°) has been pre¬ 
viously obtained by Herzig ( loc . cit.) by hydrolysis of the product 
of methylation of orsellinic acid by diazomethane. A mixture of 
the dimethyl ethers of orsellinic acid and ^-orsellinic acid began to 
melt at 130°. 

2 : 6- DimethoxyA-methylbenz^-toluidide .—Phosphorus penta- 

chloride (9 g.) was added to a mixture of orsellinic acid methyl 
ether (8 g.) and carbon tetrachloride (or benzene) (50 c.c.), and the 
reaction completed at 50°. The residue, left after the removal of 
the solvent and phosphoryl chloride under diminished pressure, 
was redissolved in benzene (100 c.c.) which was distilled away as 
before, leaving the 2: 6~dimethoxyA«meihylbenzoyl chloride (I) as a 
mass of colourless needles, m. p, 84—85° (for the purest specimen 
obtained). The p 4oluidide was obtained by the action of an excess 
of jp-toluidine on a solution of the acid chloride in benzene. It 
crystallised from benzene, followed by light petroleum, in colourless 
needles, m. p. 168—169° (Found, in material heated at 100° for 
6 hours with loss of benzene : C, 71*7; H, 6>8. C 17 H 1() 0 3 N requires 
C, 71*6; H, 6*6%). This ^-toluidide is moderately readily soluble 
in methyl or ethyl alcohol, and sparingly soluble in benzene or 
light petroleum. From a suspension of it in benzene (6 g. in 
50 c.c.) the corresponding imino»chloride was prepared by the action 
of phosphorus pentachloride (5 g.) for 10 minutes on the steam-bath. 
After removal of the benzene and phosphoryl chloride, a colourless 
solid was obtained. On exposure to moist air, this was quickly 
converted into the original p-tduidide, m. p. 168—169°. 

2 : ^Diimthoxy^methylbenzamide, (MeO) 2 C 6 H 2 Me*CO*NH 2 .—A 
stream of ammonia was led through a solution of 2 : 6-dimethoxy-4- 
methylbenzoyl chloride (10 g.) in benzene (150 c.c.), and the solid 
which separated was collected, washed with water, and crystallised 
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from benzene; slender needles, m. p. 199° (yield, 7 g.) (Found: 
C, 61*5; H, 6*8. C 10 H 13 O 3 N requires C 5 61*5; H, 6*7%j. Its 
solubilities resemble those of the p-toluidide. 

2 : Q-DimethoxyA-methylbenzonitrile .—A solution of the foregoing 
amide in pure thionyl chloride was boiled for 5 minutes, and the 
thionyl chloride then distilled under diminished pressure; the 
last traces were eliminated by the addition of benzene and redistil¬ 
lation. The nitrile (yield, 65—70%) crystallises from benzene- 
light petroleum in prismatic rods, m. p. 138—139° (Found: C, 
68*0; H, 6*5. C 10 H n O a N requires C, 67*8; H, 6*2%). The 
substance may also be crystallised from 60% alcohol in large, squat 
prisms. 

2 : Q-Dimethoxy-i-methylbenzaldehyde (II).—Hydrogen chloride was 
led into a mixture of powdered anhydrous stannous chloride (15 g.) 
and ether (150 c.c.) until a homogeneous solution was obtained. 
2 :6-Dimethoxy-4-methylbenzonitrile (6 g.), dissolved in a little 
chloroform, was then added, and the passage of hydrogen chloride 
continued until the liquid was saturated. Crystals separated after 
12 hours; after 14 days, the separated solid weighed 8 g. and 
ultimately about 1 g. more was obtained. This double tin salt 
crystallised in needles and was very difficult to hydrolyse. The best 
results were obtained by dissolution in water at 40—50°, addition of 
an excess of sodium acetate, and heating on the steam-bath for 3 
minutes. The aldehyde (1*5 g.) was isolated by means of ether, and 
crystallised from light petroleum in long, colourless, prismatic 
needles, m. p. 90—91° (mixed m. p. with orcylaldehyde dimethyl 
ether, 50—55°) (Found : C, 66*7; H, 6*7. C 10 H 12 O 3 requires C, 
66*7; H, 6*7%). This substance is readily soluble in ether and the 
simple alcohols, moderately readily soluble in benzene, and slightly 
soluble in hot water. It yields a yellow, sparingly soluble p -nitro- 
phenylhydrazone and reduces an ammoniacal silver solution. All 
attempts to condense it with w-methoxyacetoveratrone were fruitless, 
and, no doubt as the result of steric hindrance, it does not appear 
to form a Schiff’s base by condensation with aniline. 

4c-NUro-Q-hi/droxy~m-xylene .—The nitration of m-xylidine (100 g.) 
by the method of Noelting and Collins ( Ber ., 1884, 17, 265) gave 
4-nitro-6-amino-m-xylene (80 g.), and this was converted into the 
corresponding phenol by the following method (compare DJR.-PP. 
95,339 and 97,012) which is superior to that described by Pfaff 
(Ber., 1883, 16, 616). A diazonium salt solution, prepared at 
below 0° from the nitro-amine (16*6 g.), sulphuric acid (50 g,), 
crushed ice and water (300—350 g.), and sodium nitrite (7 g.), was 
filtered and gradually added to boiling 55% sulphuric acid (350 c.o>); 
On cooling, the nitroxylenol separated in light brown crystals {12~ 
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14 g.), which could be employed for the next stage. The substance 
crystallised from hydrochloric acid in very slender needles, m. p. 
95°. The reduction to 4-amino-6-hydroxy-m-xylene (Pfaff, Ber., 
1883, 16, 1137) was conveniently effected by means of iron in 
alcoholic solution (compare West, J., 1925,127, 494). Iron powder 
(80 g.) was added in portions of about 10 g. at intervals of 3 minutes 
to a boiling solution of the nitro-m-xylenol (55 g.) in alcohol (300 c,c.) 
and concentrated hydrochloric acid (20 c.c.), and the mixture was 
boiled for 5 hours, a test then showing that reduction was complete. 
The filtered solution was concentrated to 100 c.c., cooled, and 
saturated with hydrogen chloride. After keeping in an ice-chest for 
some hours, the hydrochloride was collected, and a further quantity 
could be isolated from the mother-liquor by concentration to 50 c.c. 
and renewed saturation with hydrogen chloride. The salt crystal¬ 
lised in glistening plates; total yield of practically pure substance, 
45 g. 

m~Xyhrcin .—The method of Pfaff (loc, cit.) for the preparation of 
this phenol gave unsatisfactory results, and we adopted the follow¬ 
ing procedure : 4-Amino-6-hydroxy-m-xylene hydrochloride (16 g.) 
was dissolved in 10% sulphuric acid (200 c.c.) by heating, and crushed 
ice (200 g.) was added after sudden cooling and shaking to ensure 
the separation of small crystals. Sodium nitrite (6*4 g.), dissolved 
in a little water, was then introduced, and the mixture stirred 
until the sulphate had disappeared. A little charcoal was added, 
and the diazo-solution filtered and gradually added to 600 c.c. of 
boiling 10% sulphuric acid. Very little tarry matter was produced, 
and the filtered solution (charcoal), which was almost colourless, 
was saturated with ammonium sulphate. Part of the xylorcin 
crystallised and was collected; the remainder was isolated by six 
extractions with ether. The product crystallised from benzene 
in colourless, hexagonal plates, m. p. 124—125° (yield, 8—10 g.). 
The substance has the properties attributed to it by Pfaff. 

m -Xylorcylaldehyde (III).—A mixture of w-xylorcin (10 g.), 
anhydrous hydrogen cyanide (15 c.c.), and ether (150 c.c.) was 
saturated with hydrogen chloride, and the aldimine-hydrochloride 
separated in almost colourless, prismatic needles in 1 hour. After 
keeping over-night, the salt was collected, washed with ether, dried, 
and dissolved in cold water (200 c.c.). The solution was heated 
at 80—90° for 15 minutes, and a part of the aldehyde crystallised, 
^ the remainder separating in long, yellow needles on cooling. The 
substance was recrystallised from 40% ethyl alcohol (charcoal); 
bright yellow, prismatic needles, m. p. 155—156° (Found: 6, 
64*8; H, 6*0. CyR 10 O 8 requires C, 65*1; H, 6*0%). So far as we 
are able to judge, the striking colour of this substance is not due to 
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impurity, and Gattermann has noted the yellow colour of 4 : 8- and 
2 : 7-dihydroxynaphthaldehyde (Annalen, 1907, 357, 341). 

3 : 4' -Dimethoxyflavylium Chloride .—Bright scarlet needles (chang¬ 
ing to orange-red on contact with air) separated when hydrogen 
chloride was passed into a solution of salicylaldehyde (2*2 g.) and 
co: 4-dimethoxyacetophenone (3*4 g.) in ether (80 c.c.). The chloride 
recrystallised from 8% hydrochloric acid in glistening, red, prismatic 
needles (yield, 5*7 g.) (Pound, in material dried over sulphuric acid 
in a high vacuum for 12 hours : C, 60*0; H, 5*7. C 17 H 15 0 3 C1,2H 2 0 
requires C, 60*3; H, 5*6%). The substance is sparingly soluble in 
cold dilute hydrochloric acid, but easily soluble in the hot solvent. 
The ferrichloride crystallised from acetic acid in small, dull orange, 
prismatic needles, m. p. 151—152°. Pratt and Robinson described 
(J., 1923,123, 751) hair-fine, orange-red needles, m. p. 135°, so that 
it is possible that this substance exists in two modifications. The 
crystalline form, colour, and melting point are different, and in 
repeating the preparation through the unsaturated ketone we 
obtained the salt, m. p. 151—152°. 

3 : -Dihydroxyflavylium Chloride .—This salt is of interest inas¬ 
much as it contains hydroxyl groups in the two positions considered 
to have the greatest effect on the alkali colour-reactions of the 
anthocyanidins. Thus, a comparison of the colour of alkaline 
solutions of this salt and of 7:3':4'-trihydroxyflavylium chloride 
and the representative of the 5:3': 4'-hydroxylated series described 
below demonstrates the relatively feeble hypsochromic character of 
the hydroxyl groups in positions 7 and 5. A mixture of 3 :4'- 
dimethoxyflavylium chloride (2*5 g.), phenol (10 g.), and hydriodic 
acid (60 c.c.; d 1*7) was boiled for 30 minutes in an atmosphere of 
carbon dioxide. After cooling, the phenolic layer was separated, 
and the demethylated iodide was obtained in slender, bright red 
needles by the addition of ether (yield, 0*7 g.). The chloride , obtained 
in the usual manner by means of silver chloride in methyl-alcoholic 
solution, was precipitated, after concentration, by dilute hydro¬ 
chloric acid as a mass of bright red plates, and crystallised from 
5—6% hydrochloric acid in red plates exhibiting a golden reflex. 
Rapid cooling causes the separation of needles (Found, in material 
dried over soda-lime for 12 hours : C, 59*6; H, 5*1. 

C 15 H u 0 3 CU-5H 2 0 

requires C, 59*7; H, 4*7%). The salt crystallises from ethyl- 
alcoholic hydrogen chloride in flat, pointed prisms. It is moderately 
soluble in 4—6% hydrochloric acid and very readily soluble in 
hot dilute or concentrated hydrochloric acid, giving orange to 
orange-red solutions. When it is treated with much water, a 
colourless solution of the pseudo-base is obtained, addition of acids 



2204 ROBERTSON AND ROBINSON : A SYNTHESIS OF 

restoring the orange-yellow colour of the flavylium salt. Aqueous 
or aqueous-alcoholic sodium carbonate dissolves the salt to a red 
solution, tinged with violet. 

5-Hydroxy-Z : 4 ' *dimethoxy-§ : S-dimethylfiavylium Chloride .—A 
solution of m-xylorcylaldehyde (2 g.) and co: 4-dimethoxyaeeto- 
phenone (3 g.) in formic acid (25 c.c.) was saturated with hydrogen 
chloride, kept for 48 hours, and mixed with an excess of dry ether. 
The precipitated dark brown, prismatic needles were collected and 
crystallised from 8% hydrochloric acid as a dark brown, matted mass 
of slender, woolly needles (3 g.) (Found, in material dried over soda- 
lime for 12 hours : C, 57*1; H, 6-2. C 19 H 19 0 4 C1,H 2 0 requires C, 
57-4; H, 6*3%). 

The ferrichloride crystallised from acetic acid in spherical aggre¬ 
gates of brown, prismatic needles, m, p. 211—212° after darkening 
at 190°. 

3:5: 4 '-TrihydroxyS : S-dimethylflavylium Chloride (V).—The 
foregoing dimethyl ether (2 g.) was demethylated by boiling hydriodic 
acid (60 c.c.; d 1*7) and phenol (20 g.) in 40 minutes (passage of 
carbon dioxide). The iodide was precipitated from the separated 
phenolic layer by means of ether in purple rods (1 g.), and converted 
into the chloride in the usual way. This salt separated from its 
concentrated aqueous methyl-alcoholic hydrochloric acid solution 
in violet, prismatic needles, and was recrystallised from 8% hydro¬ 
chloric acid; glistening, violet needles (Found, in material dried 
in a high vacuum over sulphuric acid for 24 hours : C, 63-9; H, 5*1. 
C 17 Hi 6 0 4 C1 requires C, 64*1; H, 4*7%). This salt is very sparingly 
soluble in cold dilute hydrochloric acid but dissolves freely in the 
hot solvent to a reddish-brown solution. Unlike most flavylium 
salts, the anhydrous material is not hygroscopic and, as the crystals 
suffered no change in appearance on drying, it would appear that 
they separated in the anhydrous condition. The alcoholic solutions 
are not fluorescent, and on dilution with w r ater give almost colourless 
solutions of the pseudo-base. The colour of the solution in aqueous 
sodium carbonate is reddish-violet, and in aqueous-alcoholic sodium 
carbonate, bluish-violet. 

5-Bydroxy-Z : 3 : : 4' 4rimelhoxyS : 8 -dimethylflavylium Chloride,— 
The condensation of m-xylorcylaldehyde and 6>-methoxyacetover- 
atrone was carried out as in the analogous case (above) and the 
yield was almost quantitative. A hot solution of the crude salt in 
0*5% hydrochloric acid was filtered, and the acid concentration 
increased to 8%. The dark red, woolly needles which separated 
were collected, and when dried exhibited a green reflex. The 
solutions in hot 7—8% hydrochloric acid are deep crimson, and on 
cooling, the separation of the salt is almost complete. The/cm- 



FYEYLIIJM SALTS OF ANTHOCYANIDIN TYPE. PAET XIV. 2205 


chloride crystallised from acetic acid in reddish-brown, elongated, 
rhombic plates, exhibiting a bluish-green reflex; m. p. 200—203° 
(Found: 0, 44*6; H, 3*9. C 20 H 23 O 6 Cl 4 Fe requires C, 44-5; H, 
3-9%). This derivative is readily soluble in hot acetic acid, and 
separates almost completely on cooling the solution. 

3:5:3': 4d-Tetrahydroxy-6 : 8- dimethylflavylium Chloride (VI).— 
The chloride (1*5 g.) last described was demethylated under the 
usual conditions by hydriodic acid (80 c.c,; d 1*7) in presence of 
phenol (15 g.) in 30 minutes. Water (30 c.c.) was added, the phenolic 
layer separated, and the iodide precipitated by the addition of ether. 
The slender, red needles were collected and converted into the 
chloride by means of silver chloride in hot dilute hydrochloric acid 
solution. On standing, the cooled solution deposited dark red, 
microscopic, slender needles, and these were recrystallised from 10% 
hydrochloric acid (Found, in material dried in a high vacuum over 
sulphuric acid for 24 hours: C, 58-1; H, 5*1. C 17 H i5 0 6 Cl,H 2 0 
requires C, 57*9; H, 4*8%). The salt is readily soluble in hot 
dilute hydrochloric acid, giving deep red solutions that deposit 
crystals but slowly on cooling. It dissolves in aqueous sodium 
carbonate to a bluish-violet solution, unchanged, in the absence of 
oxygen, by the addition of sodium hydroxide. In alcoholic solution, 
the sodium carbonate reaction is also violet, but this becomes blue 
on the addition of sodium hydroxide. The ferric chloride reaction 
in alcoholic solution is intense violet. 

Rhamnetinidin Chloride (IX).—The crude rhamnetin obtained by 
hydrolysis of xanthorhamnin from Persian berries, was thoroughly 
extracted with boiling alcohol to remove quercetin, and then with 
hot acetic acid to remove rhamnazin. Finally it was purified 
through its monopotassium salt (Perkin and Wilson, J., 1903, 83, 
136). The light yellow product was dried at 140° (Found : MeO, 
9*7. Calc.: MeO, 9*8%). A mixture of rhamnetin (4*6 g.), 
potassium acetate (5 g.), and acetic anhydride (80 c.c.) was boiled 
for 2—3 minutes (acetylation cannot be complete at this stage), 
and a large excess of zinc dust added in small portions in rapid 
succession. When further additions produced no change in the 
appearance of the solution (about 5 mins.), the liquid was boiled 
for 5 minutes longer, then cooled, decanted, and added to 500 c.c. 
of water containing concentrated hydrochloric acid (25 c.c.). The 
zinc was washed with a little acetic acid. The ochreous, sticky 
product was collected on a glass rod and on the sides of the container, 
washed with water, dissolved in alcohol (100 c.c.) and hydrochloric 
acid (30 c.c.), and the solution boiled for 20 minutes, the red colour 
of the flavylium salt appearing during this process. The crimson 
solution was concentrated in a vacuum, a little water being added 
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from time to time. When most of the colouring matter had been 
precipitated, the substance was collected, thoroughly extracted 
with a large volume of ether, and the residue with boiling 0-5% 
hydrochloric acid. The salt was precipitated from the filtrates, 
after concentration, by concentrated hydrochloric acid, and this 
operation was repeated. The product was then fractionally 
crystallised by slow evaporation of an alcoholic solution containing 
10% hydrochloric acid; some tarry matter was first eliminated 
and then definite prismatic crystals separated. These were collected, 
twice recrystallised in the same way, and air-dried (Found: C, 51-9; 
H, 4-7; MeO, 8-3. C 16 H 13 0 e Cl,2H 2 0 requires 51-6 ; H, 4-6; MeO, 
8-6%). After this had been exposed to a vacuum for 12 hours, the 
analytical results indicated a monohydrate, but were not sufficiently 
sharp. Rhamnetinidin chloride is very sparingly soluble in cold 
0-5% hydrochloric acid, readily soluble in the hot solvent to a 
brownish-red solution; the alcoholic solutions are bluish-red. The 
salt crystallises from aqueous-alcoholic hydrochloric acid in clusters 
of elongated prisms, orange-red by transmitted light, and forming a 
dark purplish-brown mass exhibiting an intense green reflex. On 
the addition of aqueous sodium carbonate to the solid salt, a blue 
solution is obtained. This is bluer than that of mecocyanin and 
redder than that of cyanidin, cyanin, or fisetinidin under the same 
conditions. Thick layers are violet-red, and this dichroism is the 
chief distinction from fisetinidin. On progressive dilution the colour 
becomes violet and finally blue. In alcoholic solution, the distinction 
from mecocyanin is much more pronounced, since with sodium 
carbonate under similar conditions, rhamnetinidin gives a blue 
solution (on the red side by comparison with cyanidin), whereas 
mecocyanin gives a violet solution. On the addition of sodium 
hydroxide to the alcoholic solution, mecocyanin and rhamnetinidin 
give identical pure blue colorations. The ferric chloride reaction 
of rhamnetinidin is blue in alcoholic solution and violet in aqueous 
solution. 
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defrayed a part of the cost of the work, and we are grateful to the 
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CCXCIV.— A New Method of {Absolute) Potentiometric 

Titration. 

By Bernard Cavanagh. 

The following is an account of a new method of titration which 
combines great simplicity with the highest precision and with 
other special advantages. No potentiometer or standard cell is 
required, no normal electrode or reference “ half-cell ” and no 
mechanical stirrer, neither is any sort of liquid junction involved. 
Small quantities of solution can be rapidly titrated in an ordinary 
flask, with the aid only of a rheostat or resistance, a key, and a 
pointer-galvanometer. Yet the sensitivity and precision are the 
highest attainable by electrometric methods, and, in addition to its 
convenience for ordinary titrations, the method is especially suited for 
the titration of (a) very dilute solutions and (b) very small volumes 
(micro-titration). 

This paper deals with the titration of the following ions : H\ 
Ag', OH', Cl', Br', I 7 . The underlying principles will first be 
discussed. 

1. The fundamental idea consists in the application to electro¬ 
metric titration of the long-known principle of the Helmholtz cell, 
or cell without liquid junction. A familiar example of this type of 
cell is that consisting of a hydrogen electrode and either a calomel 
or a silver chloride electrode in one and the same solution of hydro¬ 
chloric acid. The E.M.F . of this cell at the temperature T is given 

by 

E = E 0 + 2RT/F . log* Cy, 

where E 0 is a constant and C is the concentration of hydrochloric 
acid; or, if for the present we ignore the correction factor y, i.e., the 
££ activity coefficient,” and consider a particular temperature, e.g., 
16°, we may write 

E = E 0 + 0-1147 log 10 0 .... (1) 

More generally, if for pure hydrochloric acid we substitute a mixed 
electrolyte containing hydrogen ions and chlorine ions at different 
concentrations, Cu and C a , then the E.M.F. of the cell will be 

E = E 0 + 0*05735 log (C H X C ci ) . . . (2) 

It is plain, therefore, that if we know E 0 and one of the factors 
C B or Cab we can determine the other by measuring E . This 
would be an example of what is commonly called a 44 physical ” 
method of analysis. 

Alternatively, we may gradually remove one of the ions from the 
solution by means of a standard reagent, the residual concentration 
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of the ion being, at each stage, indicated by the value of E } until 
that residual concentration either (a) can be neglected or (b) (for 
refined titration) reaches a certain value known to characterise the 
exact end-point of the titration. For instance, at the end-point in 
the titration of a chloride against silver, the value of C Ql is equal to 
the solubility, S AgCl , of silver chloride. The E.M.F. at the end¬ 
point would therefore be, in accordance with equation (2): 

M = (E 0 + 0-05735 log S MCl ) + 0-05735 log C K . . (3) 

the bracketed expression being a known constant, so that the end¬ 
point E.M.F. depends on C Ei the acidity of the solution. A rough 
knowledge of C R , however, is sufficient to permit high precision in 
the titration. Thus, even if C E were estimated at twice its true value, 
the error produced in the end-point would be only 1-5 X 10“ 7 g.- 
equiv. per 10 c.c. of solution, which is only 1-5% in the titration of 
Nl 1000-solution, so that only when high precision in the most 
dilute solutions is required, will C E have to be known more 
accurately. 

Similarly, at the end-point in the titration of a strong acid by a 
strong base the value of C n is equal to the acidity, h , of distilled 
water under the conditions prevailing. (The value of h depends 
ordinarily on the amount of carbon dioxide in the air and may be 
between 2 x 10~ 6 and 3 x 10" 6 .) We obtain therefore a formula for 
the end-point potential of the same type as (3), viz,, 

E =» (E 0 + 0-05735 log h) + 0-05735 log C* . . (4) 

so that in this case we need a rough knowledge of Ca¬ 
li is plain that we have here a means of absolute * potentio- 
metric titration in a single vessel without a liquid junction, and it 
may be observed that the resistance can thus easily be kept low, so 
that the method is peculiarly useful for the titration of dilute 
solutions without the employment of a refined galvanometer. 
It seems probable that the principle may be widely applicable. 

2. Elimination of the Potentiometer. —The use of a potentiometer 
has been implied since we have to determine when the potential 
between the two electrodes reaches a certain end-point value. The 
instrument, it is true, need be only of simple pattern, and may be 
set for the end-point E.M.F., so that the end of the titration is 
shown in practice by the reversal of the galvanometer deflexion; 
but we can eliminate the necessity for a potentiometer if we can 

* The end-point is marked by the E.M.F. attaining a particular absolute 
value. This is the case also in the methods of Treadwell and of Muller. In 
all other nethods, the end-point is marked by the attainment of a maximum 
value by the differential dEjdx> the rate of change of potential, It can be 
shown that the intrinsic sensitivity of the “ absolute ” methods is the higher. 
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construct a cell that will develop the required end-point E.M.F., 
which might be done by imitating the composition which the 
titrated cell should have at the end-point. For instance, for the 
titration of a chloride, we might take a solution having the same 
acidity as the titrated solution, and shake it with some well-washed, 
precipitated silver chloride. A hydrogen electrode and a silver 
chloride electrode dipping into such a solution should develop the 
required end-point E.M.F. This procedure would bear the same 
relation to the (alternative) use of the potentiometer as the method 
of Treadwell bears to that of Muller. 

A much simpler and more trustworthy procedure i3 available, 
however, for comparison of (1) and (3) shows that they become 
identical when C 2 = $ AgC1 X C R ; and it follows that if we take 
some hydrochloric acid of approximately the concentration G , 
where 

G = VSm X C'h = 0-0031vT£ ... (5) 
(C a being, as before, the acidity of the titrated solution), then a 
hydrogen and a silver chloride electrode dipped into this solution 
will develop the end-point EM.F. This is more trustworthy than 
the other form of end-point cell because, the concentrations of both 
ions being considerable, there is less liability to polarisation during 
the titration. It follows from the relation (5) that, just as C K need 
not be accurately known (see p, 2208), so <7, the concentration of the 
hydrochloric acid in the end-point cell, does not require accurate 
adjustment. 

In just the same way, for the titration of a strong acid by a strong 
base we obtain from (1) and (4) the relation <7 2 = hC C \, and adopting 
2*5 X 10“ 6 as a mean value for h (see p. 2208), we have 

0 = 0 * 0016 ^.( 6 ) 

as the strength of the hydrochloric acid solution required, in terms 
of the chloride concentration. (In the total absence of carbon 
dioxide, the numerical coefficient would be 0*0003.) 

3. The Silver Chloride-Quinhydrone Cell .—Of late, the hydrogen 
electrode has been superseded for many purposes by the more 
convenient “ quinhydrone electrode/ 5 since Biilmann showed that, 
for solutions not distinctly alkaline, the presence of a trace of 
quinhydrone in solution caused a smooth platinum electrode to 
behave as a reversible hydrogen electrode. 

It appeared possible that an exceedingly simple form of the Helm¬ 
holtz cell might be obtained by merely dipping a smooth platinum 
electrode and a silver chloride electrode into a solution containing 
hydrogen ions, chlorine ions, and a little quinhydrone, providing 
always that the electrodes did not interfere with one another. 
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In the first experiments, a plain silver wire was used, in the 
presence of a visible precipitate of silver chloride, but the results 
were unsatisfactory owing possibly to some slight catalysis of the 
quinhydrone reaction on the metallic surface. When, however, the 
silver was coated electrolytically with silver chloride, excellent and 
quickly reproducible results were obtained. 

Many measurements were made with cells containing various 
proportions and concentrations of the two ions, and the results, 
substituted in the more exact form of equation (2), viz., 

E s= E 0 + 0*05735 log a n a 01 .... (7) 

(oh and a cl being ct corrected concentrations ” or activities) gave 
the mean value 0*4740 for E 0 . The measurements covered the 
whole range of the titrations of both ions, up to and beyond the 
end-points, leaving no doubt as to the practicability of using this 
very simple form of cell. In fact, the results were so uniformly good 
as to prompt an investigation, now in progress, of the suitability 
of this type of cell as a means of “ physical ” analysis. 

4. The Silver-Quinhydrone Cell and the Solubility of Silver Chlor ide , 
—It is of interest that, beyond the end-point in the chloride titra¬ 
tion, we have in effect the rather remarkable one-solution cell, 
Ag ] Ag + , H + (quinhydrone) | Pt, or, if we regard the quinhydrone 
electrode as a hydrogen electrode, Ag | Ag + , H + | H 2 , of which the 
E.M.F. is given by 

E = E' 0 -f RT/F . log .... (8) 

and is thus practically unaffected by the addition of water. 

The results in this region were very good and yielded the value 
0*1009 for E' 0 . Now the activity-product of silver chloride, and 
hence its true solubility in pure water, $ AgCI , is readily obtained 
from E 0 and E' Q} for 

- 2RT/F . log S A & ^E 0 + E' 0 » 0*5749 (at 16°), 
whence $ AgC1 = 0*97 x 10~ 5 at 16°, with a probable accuracy of 
±2% \ 

5. Final Simplification : Elimination of the End-point Cell. —It is 
evident, therefore, that the method of titration outlined in Sections 1 
and 2 is fully applicable with the more convenient silver chloride- 
quinhydrone cell. A final simplification of apparatus and procedure, 
however, now becomes possible, arising out of the value of E 0 , 
given above.* Substituting 0*4740 for E 0 and 0*97 x 10“ 5 for 

* This simplification is not available if {the hydrogen electrode is used, 
because of the negative value of E Q in that case. 
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S Ag ci in equation (3), we have, for the end-point potential in the 
titration of a chloride, 

E& = 0*1866 + 0*05735 log C K . ... (9) 

this being the formula required when a potentiometer is used (see 
Section 12). Now calculation shows that E cl vanishes when 
C n = 5-6 x 10" 4 , i.e., if the acidity of the solution is roughly 
JV/1800, the end-point potential will be zero, and we require neither 
a potentiometer nor a second pair of electrodes to balance it. One 
pair of electrodes and a galvanometer is then all the physical 
apparatus required for the titration. 

Similarly, for the acid-alkali titration, substituting for E 0 and 
for h in equation (4), we obtain for the end-point potential 

E K ss 0153 + 0-05735 log C cl .... (10) 

which vanishes when C cl = 2*2 X 10“ 3 (or N/ 450). 

6. The Bromide and the Iodide Cells .—From similar series of 
measurements with the corresponding silver bromide (or iodide)- 
quinhydrone cells, the values 0*6235 and 0*8460, respectively, have 
been obtained for E 0 , and 5*6 X 10“ 7 and 6*5 X 10~ 9 for the solu¬ 
bilities of the bromide and iodide. Hence we obtain for the end¬ 
point potentials: 

E Rv = 0*261 + 0*05735 log C n . . . . (11) 

Ei sss 0*3725 + 0*05735 log C R . . * (12) 

which vanish, respectively, when C R = 2*8 X 10" 5 or 3*2 x 10~ 7 . 

When the end-point cells are required in the titration of bromide 
and iodide, it is convenient still to use the hydrochloric acid cell, of 
which the E.M.F . is 

Euci = 0*4740 + 0*1147 log C . , . . (13) 

C being the concentration of the acid. Equating this in turn to 
E Rv and E Xi we obtain for the bromide C = 0*013VOh (14), and 
for the iodide C = 0-12V C n (15). 

Two points must be mentioned with regard to the iodide cells, 
viz., first, that the acidity must be kept very low—below N /100— 
because at higher concentrations the hydriodic acid reacts with the 
quinhydrone producing free iodine; and, secondly, that in the 
immediate neighbourhood of the end-point, equilibrium (and hence 
a reproducible potential) is/ only obtained after standing for J— 
\ hour with occasional shaking. Thus when high precision is 
required the titration of an iodide cannot be very expeditious. 

7. “ Corrected Concentrations 31 : Activities. —For the sake of 
simplicity, the correction factors or activity coefficients, by which 
the concentrations are multiplied in the exact forms of the equations 
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given, have been ignored up to this point. It is, in fact, only when 
high precision is aimed at, and the most dilute solutions are titrated, 
that these factors need be considered; in such cases every symbol 
C , with or without subscript, representing a concentration (but not 
the symbols h, S AgCh S As Br , etc., which already represent activities), 
is to be multiplied by the appropriate activity coefficient, to make 
the formulae exact. 

Experimental. 

8. The Electrodes. —The simpler the form of the electrodes the 
more easily is the surface layer of solution kept uniform with the 
rest by shaking. 

The platinum electrodes are best free from glass so that they 
may the more easily be cleaned occasionally in hot sulphuric- 
chromic acid, and “ blankedby heating to redness for a minute 
or two in an alcohol flame. A form which has been found effective 
consists of a strip of thin foil, bent along its length to give a little 
rigidity, and fixed in a binding screw. 

The silver halide electrodes have been made from pieces of stout 
silver wire about 15 cm. long by coating them, along a length of, 
say, 5 cm. from one end, with the appropriate halide. The wire is 
made the anode in the electrolysis of a dilute solution of the sodium 
or potassium salt, and a current of 2—3 milliamps. per sq. cm. is 
passed for about an hour. The wire should be turned once or twice 
to secure an even coating. Several electrodes can be prepared at 
one time, and they may be preserved in the dark for a week or more 
in corked tubes full of distilled water. In use, a silver halide elec¬ 
trode is fixed in a binding screw, and mounted in an ordinary 
clamp, vertically alongside and close to a platinum electrode, so 
that the pair will easily pass through the neck of a conical flask. 
We may speak of a “ chloride-pair J> of electrodes or a bromide- or 
iodide-pair, according to the nature of the silver halide electrode. 

9. The Reference Ion, —We have seen that the potentials with 
which we have to deal in this method depend always on two ions, 
and the essential principle is that if we know the concentration of 
one of these ions roughly, we can titrate the other exactly. It will 
be convenient to speak of the ion of which the concentration must 
be roughly known as “ the reference ion/’ Thus, in the titrations 
of the three halides the reference ion is the hydrogen ion, whilst in 
the titration of hydrogen ions (acids) it might be any of the three 
halides, but most commonly the chloride. Now in most cases, so 
long as the solution to be titrated is not weaker than about Nj 100 
—the limit is lower in the case of bromide or iodide— only the order 
of magnitude of the reference-ion concentration need be known (see 
p. 2208). If, however, we are aiming at the highest precision in the 



(absolute) potentiometric titration. 2213 

end-point, as in titrating extremely dilute solutions, we may need 
to know the reference-ion concentration to within a few units %, 
and a rough titration may be necessary to determine this. 

If the reference ion is absent or nearly so, then we can easily 
introduce it in whatever concentration we require, by adding a 
little of a standard solution of sodium chloride (for 01') or of nitric 
or sulphuric acid (for H’). 

It should be observed that, strictly speaking, it is the con¬ 
centration at the end-point that has to be known or adjusted, and 
when the highest precision is required some allowance must be 
made for the dilution caused by the volume of reagent to be added; 
this can easily be done after a rough preliminary titration. 

10. The Method in its Simplest Form. —The simplest form of 
procedure is applicable when the reference-ion concentration 
approximates to (see p. 2212), or can be adjusted roughly to, the values 
calculated from equations (9)—(12). All the physical apparatus 
required is a sturdy pointer-galvanometer (which will just detect, 
say, 10~ 7 amp.) in series with a rheostat, a tapping-key or plug, and 
one appropriate pair of electrodes, viz., a chloride-pair for the 
titration of chloride or acid, a bromide- or an iodide-pair for the 
corresponding halide titrations. The deflexions of the galvanometer 
should be minimised by means of the rheostat so as to avoid any 
tendency to polarise the electrodes. 

To the solution to be titrated, contained in a conical flask, a 
trace of quinhydrone is added (not more’ than 1 mg, per e.c. of 
solution), and most of it dissolved by gentle shaking. On raising 
the flask so that the pair of electrodes dips into the liquid, shaking 
gently, and then depressing the key, a marked deflexion of the 
galvanometer pointer is obtained with a high resistance in circuit, 
indicating a high E.M.F. (of the order of 0*2—0*3 volt). Some of 
the standard reagent is now added, and the observation of the 
E.M.F. then repeated, and so on, until eventually the direction of 
the pointer deflexion is reversed, the E.M.F. having reached and 
passed zero. This marks the end of the titration. 

The indication is very sharp and sensitive. Thus the change 
from a deflexion representing an E.M.F. of 5 millivolts to the same 
deflexion in the reverse direction is produced, in 10 c.c. of solution, 
by the following quantities of reagent: 


In titration of acid . 3 X 10~ 8 g.-equiv. 

„ „ „ chloride (or silver) . 1 X 10~ 7 „ 

„ „ „ bromide (or silver) . 6 X 10“ 9 „ 


„ „ „ iodide (slowly, see p. 2211) ... 6*5 X 10” 11 „ 

11. The Use of the End-point Cell.— When the concentration of 
the reference ion cannot conveniently be adjusted to the appropriate 
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value given above, it becomes necessary to add to the apparatus 
either a simple potentiometer or a second pair of electrodes—a 
chloride-pair—connected in opposition j(platinum to platinum) to 
the first pair. In the latter case the end-point cell is completed 
by diluting some roughly standard hydrochloric acid approximately 
to the concentration C given in equation (5), (6), (14), or (15), dis¬ 
solving a little quinhydrone in this solution contained in a flask 
or beaker, and raising the vessel on a support so that the second 
pair of electrodes dips into the solution. The vessel should be 
gently shaken occasionally during the titration. 

Otherwise the titration proceeds exactly as described in Section 10, 
the end-point being indicated by the reversal of direction of the 
galvanometer deflexion, and the sensitivity being of the same order. 
The end-point cell c^n be used repeatedly for the same type of 
titration so long as the reference-ion concentration (C a or 0 H ) in 
the titrated solutions remains the same. 

12. Alternative Use of a Potentiometer. —If it is preferred to use a 
simple form of potentiometer to produce the end-point potential* 
instead of the end-point cell, it will be convenient, by means of 
equations (9), (10), (11), and (12), to construct tables after the 
following manner, giving the end-point potential for various values 
of the reference-ion concentration. 

End-point Potential in Titration of Chloride (or Silver). 

Acidity, C s ... 1 10" 1 10~ 2 10- 3 10 -4 10~ 5 

Eud-pt. EM.F. 0-1866 0-1292 0-0719 0-0145 -0-0428 -0-1002 

For intermediate values: 

To{ m S y }c H by. 1-26 1-6 2 2-5 3-2 

Subtract from ) E the value ••• 0-0055 0-0117 0-0173 0-0228 0-0290 

These two tables, in conjunction with ordinary proportional inter¬ 
polation, cover all probable values of C H and E and similar tables 
are readily constructed for the other titrations. It would appear, 
however, that the second pair of electrodes, combined with a 
standard solution of hydrochloric acid and a measuring cylinder, 
constitutes a sort of 4 4 chemical potentiometer ” which possesses 
advantages as regards bulk, cost, and immediate readiness for use 
over the simplest of physical instruments. 

Results . 

It would be superfluous to quote the results obtained in the 
more concentrated solutions, where the precision of the indication 
is greater than that of the volumetric apparatus. The results in 




(absolute) potentiometbic titration. 2215 

Table I, obtained with the more dilute solutions, indicate the 
limits of precision, and the order of accuracy attained requires no 
comment. 

In order to provide a check on the correctness as well as the con¬ 
cordance of the results, the very dilute solutions were prepared by 
the precise dilution of carefully compared strong solutions. These 
gave the “ calculated ” results in the sixth column, from which the 
percentage deviations are given in the seventh column. N /5-Solu¬ 
tions of silver nitrate and the halides of potassium were compared 
by Volhard’s method, and very good distilled water was used for 
the subsequent dilutions. The acid and alkali were compared at 
N /2-strength, and for the dilution of the baryta, conductivity water 
was used with a special arrangement to exclude atmospheric carbon 
dioxide. 

Table I. 


Vol. of 


Solution 

titrated. 

Reagent. 

EJ.A . 

E.P.C. 

reagent (c.c.). 

Pound. Calc. 

Error, 

%• 

lOOC.c.of 

Wo™ 

m - A « N0 ° 

1-0 

0-09 

0-00056 

0-0031 

0*00093 

None 

25-13 

25-135 

25*12 

25-12 

■4-0*04 
+ 0-06 
±0 . 

200 C.c. of 

WO™ 

m -AgNOa 

0-09 

0-01 

0-00056 

0*00093 

0*00031 

None 

20*11 

20-07 

20-08 

20-095 

+ 0-07 
— 0*12 
-0-07 

1000 C.c. of 

rxLn - KC1 
10000 

Wo - AgN ° 3 

0-25 

0-04 

0-00056, 

0-00155 

0*00062 

None 

10-08 

9-94 

9*97 

10*05 

+ 0*3 
-1*1 
— 0*8 

100 C.c. of 

5000' KBr 

iooo “ AgN ° 3 

1-0 

0-04 

2-8 X 10” 5 ' 

0*013 

0-0026 

None 

20*535 

20-53 

20*56 

20-55 

-0-07 

-0*1 

-f-0-05 

1000 C.c. of 

100006 ' KBr 

fooo 

0-09 

0-01 

0-0039 

0-0013 

10-15 

10-22 

10-275 

— 1*25 
-0*55 

100 C.c. of 

N KT 

5000 ' ia 

iooo 

0-01 

0-0025 

0-012 

0-006 

20*04 

20*02 

20-01 

+ 0*15 
+0-05 

1000 C.c. of 

—^ .TCT 

100000 - LVA 

IOOO ' AgN ° 3 

0-0009 

3-2 x 10- 7 

0*0036 

None 

9-95 

10*10 

10*005 

-0*55 
+ 0*1 

lOOC.c.of 

wo 'Ba(OH), 

1-0 

0-04 

0*0022 

0-0015 

0-0003 

None 

25*92 

25*89 

25*905 

25*90 

+ 0*08 
-0*04 
+ 0*02 

200 C.c. of 

1W HN0 ° 

100 "B a (OH) B 

0-25 

0-09 

0-0022 

0-00075 

0-00045 

None 

20*70 

20*71 

20*745 

20*72 

-0*1 
—0*05 
+ 0-12 

1000 C.c. of 

10000-^ 

lOO 'Ba{OH) 2 

0*36 

0*09 

0*0022 

0-0009 

0-00045 

None 

10*50 

10*37 

10*45 

10-36 

+ 1-4 
+0*1 
+0*9 
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In the titrations a cheap pointer galvanometer was used, through¬ 
out. The resistance of the titrated solutions was diminished by 
the addition of small quantities of a 10% potassium nitrate 
solution, prepared from Kahlbaum’s “ for analysis ” product, twice 
recrystallised. 

The activity coefficients depended largely on the added potassium 
nitrate. They were derived mainly by the use of Lewis and Ran¬ 
dall's data (“ Thermodynamics," McGraw Hill, New York, p. 382). 
In the third column are given the “ corrected concentrations ” or 
activities of the reference ion (R.I.A.) which were adjusted to some 
representative rounded values, while in the fourth column are given 
the activities of the hydrochloric acid in the end-point cells (E.P.C.), 
except where none was required. 

Finally, it may be observed that the possibility of using a pair 
of very simple electrodes fixed close together and a single simple 
vessel for titration is not only a convenience, but also a simpli¬ 
fication which permits the application of this method in several 
special ways {e.g., microtitration), whilst the closeness of the 
electrodes and absence of liquid junction, make it comparatively 
easy to keep the electrical resistance within bounds even at the 
lowest concentrations. Moreover, the elimination of the uncer¬ 
tainty attaching to liquid-junction potentials must facilitate greater 
precision. 

The author’s thanks are due to the trustees of the Brunner 
Mond Research Fund, out of which the cost of apparatus used in 
this research has been defrayed. 

The University or Manchester. [Received, May 18 th, 1927.] 


CCXCV .—Nitrosation of Phenols • Part IV* 3:5- 
Dichlorophenol. 

By Herbert Henry Hodgson and John Samuel Wignall. 

The object of this investigation was to extend the work of Hodgson 
and Moore (J., 1923, 123 , 2499) on the nitrosation of 3-chlorophenol 
to the case of 3 : 5-dichlorophenol. 

Blanksma (Rec. trav , chim., 1908, 27 , 25) claimed to have obtained 
3:5-dichloro-4-nitrosophenol as a by-product in the conversion of 
3:5-dichloroaniline to the phenol, and Willstatter and Schudel 
(Ber., 1918, 51, 782) stated that it was obtained by the addition of 
sulphuric acid to an aqueous solution of the sodium salt of 3 : 5-di- 
chlorophenol and sodium nitrite. These products, however, gave 
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no Liebermann nitrosoamine reaction and proved to be identical 
with 3: 5-dichloro-4:-nitrophenol , prepared by direct nitration of 
3:5-dichlorophenol. Willstatter and Schudel gave no analysis for 
chlorine, but recorded N, 6*95%, whereas the nitro- and nitroso- 
compounds require N, 6*7 and 7*3%, respectively. 

After numerous unsuccessful attempts, both direct and indirect, 
to nitrosate 3:5-dichlorophenol, the required substance was 
obtained by the oxidation of 3: 5-dichloro-4:-aminoanisole with 
Caro’s acid and subsequent hydrolysis of the 3 : 5-dichloro- 4- 
nitrosoanisole by concentrated sulphuric acid. 

3: 5-Dichloro-4-nitrosoanisole is colourless, and, since 4-nitroso- 
anisole was described by Baeyer and Knorr (Ber., 1902, 35 , 3035) as 
bluish-green, whilst 3-chloro-4-nitrosoanisole is now shown to be 
deep green, the suppression of colour may be ascribed to the 
chlorine atom in the 5-position. 

A similar explanation w T ould apply to the colourless 3 : 5-dichloro- 
A-nitrosophenol, which resembles the almost colourless 3-chloro- 
benzoquinone-4-oxime (Hodgson and Moore, loc. cit.) } and may 
better be formulated as 3:5-dichlorobenzoquinone-4-oxime. 
Kehrmann’s 2:6-dichlorobenzoquinone-4-oxime (Ber., 1888, 21, 
3318) is light yellow and decomposes at 140°, whereas its colourless 
3 : 5-isomeride decomposes at 165°. 

Since 3-iodophenol on nitrosation behaves differently from 
3-chloro- and 3-bromo-phenols (Hodgson and Moore, 1925, 127, 
2260), the direct nitrosation of 3-chloro-5-iodophenol was attempted, 
but without success. 

During the attempts at nitrosation, it was found that nitrous acid 
nitrated 3 :5-dichlorodimethylaniline in formic acid solution (the 
usual procedure was fruitless); the 3 : 5-dichloro-grouping has, 
therefore, the same effect as in 3 :5-dichlorophenol, which is also 
nitrated by nitrous acid. 

Experimental. 

The initial material, 3 :5-dichlorophenol, was prepared from 
trinitrobenzene (Hodgson and Wignall, J., 1926, 2077) and also by 
the following modification of Willstatter and Schudel’s method 
(loc. cit.) : 3 :5-Dichloroaniline (26 g.) was dissolved in 220 c.c. of 
hot dilute sulphuric acid (2 :9 by vol.), the mixture cooled, and 
diazotised at room temperature. Excess of nitrous acid was 
removed by carbamide (otherwise 3 : 5-dichloro-4-nitrophenol may 
be formed), and the mixture added gradually to a boiling solution of 
sulphuric acid (100 g.) in water (140 c.c.) through which steam was 
passing. The aqueous distillate was made alkaline, evaporated to 
very small bulk, cooled, and the 3 :5-dichlorophenol (19*5 g.)r 
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precipitated by careful addition of 30% sulphuric acid with vigorous 
stirring. 

3 : 5-Dichlorophenol (16 g.) was nitrated in a solution of sodium 
nitrate (12 g.) in water (180 c.c.) at 90—100° by the gradual addition 
of 48 c.c. of dilute sulphuric acid (1 : 5) during 1 hour; the mixture 
was then heated on the water-bath for 2 hours and steam-distilled, 
3 : 5-dichlorO‘2-nitrophenol (5 g.) passing over, and 3 : 5-dichloroA- 
nitrophenol (6 g.) being obtained from the tarry residue by repeated 
extraction with hot dilute hydrochloric acid. 

3 : 5-Dichloro-2-nitrophenol is moderately soluble in water and 
readily soluble in the usual organic solvents except light petroleum, 
from which it crystallises in lemon-yellow needles, m. p. 51° (Found : 
N, 6*5; 01,34*0. C 6 H 3 0 3 NC1 2 requires 1ST, 6*7; Cl,34*l%); it does 
not form a hydrate (compare 3-chloro-2-nitrophenol, Hodgson and 
Moore, J., 1926, 155), and remains unchanged when kept for 2 hours 
at 110°. A solid acetate could not be obtained. 

3 : 5-Diehloro-4-nitrophenol is readily soluble in the usual organic 
solvents except light petroleum, and crystallises from water in very 
pale yellow needles, m. p. 150° (Found : 1ST, 6*7; Cl, 34*1%). The 
acetate, formed when a solution of the phenol in glacial acetic acid is 
warmed with acetyl chloride, crystallises from dilute alcohol in 
colourless needles, m. p. 99° (Found: Cl, 28*2. C 8 H 5 0 4 NC1 2 
requires Cl, 28*4%). 

Action of Nitrous Acid on 3 : 5-Dichlorophenol .—This was carried 
out according to the directions both of Blanksma (loc. cit.) and of 
Willstatter and Schudel (loc. cit.). In each case a product of m. p. 
150° [Found : N, (i) 6*8, (ii) 6*7; Cl, (i) 34*1, (ii) 34*2. Calc, for 
CgHgOgNClg: N, 6*7; Cl, 34*3; calc, for C 6 H 3 0 2 NC1 2 : N, 7*3; 
Cl, 37*0%] was obtained, which was identical (mixed m. p. deter¬ 
mination) with the 3 : 5-dichloro-4-nitrophenol above; the corres¬ 
ponding acetates were similarly shown to be identical. 

Reduction of the 3 : 5-Dichloro-2 - and A-nitrophenols. —3 : 5-Di- 
chloro-2- and -4-nitrophenols are reduced to the corresponding 
amino-phenols by dissolving them in 12 times their weight of water 
containing the theoretical amount of sodium carbonate and warming 
the solution on the water-bath with solid sodium hyposulphite until 
colourless. 3 ; 5~Dickloro-2-aminophencl separates from the hot 
solution, but in the case of the 4-am^no-isomeride the solution has 
to be cooled. 3:5-Dichloro-2-ammophenol is readily soluble in 
the usual organic solvents, except light petroleum, and crystallises 
from water in colourless needles, m. p, 132° (Found: Cl, 39*7. 
C 8 H 5 0NC1 2 requires 0,39*9%), which darken somewhat on keeping. 
Its aqueous solutions give a reddish-brown precipitate with ferric 
chloride. 3 : 5-Dichloro-4-aminophenol is less soluble in chloroform, 
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carbon tetrachloride, and carbon disulphide than its 2-amino- 
isomeride, but more soluble in water, from which it crystallises in 
colourless needles, m. p. 154° (Found : Cl, 39*8%). Its aqueous 
solutions give a.violet coloration with ferric chloride. 

3 : 5-Dichloro-2 - and ^-nitroanisoles are prepared by boiling for 
6 hours a mixture of the appropriate nitrophenol (6 g.) with xylene 
(60 c.c.) and potassium carbonate (12 g.) to which methyl sulphate 
(12 c.c.) is gradually added. After removal of the xylene, the 
anisoles can be obtained pure by steam-distillation. Yield, 70% in 
each case. 3 : 5-Dichloro-2-nitroanisole is much more volatile in 
steam than its 4-nitro-isomeride, and crystallises from methyl alcohol 
in colourless needles, m. p. 75° (Found : Cl, 31*7. C 7 H 5 0 3 NC1 2 
requires Cl, 32*0%). 3 : 5-Dichloro-4-nitroanisole crystallises from 
methyl alcohol in colourless needles, m. p. 70° (Found ; Cl, 31*9%). 

3 : 5-Dichloro-4c-aminoanisole is prepared by reduction of the 
nitro-anisole (4*2 g.) with tin (3*5 g.) and concentrated hydrochloric 
acid (40 c.c.), and is finally removed by steam-distillation, being 
much more volatile than the parent nitro-anisole. It is very 
soluble in methyl alcohol and carbon tetrachloride, moderately 
soluble in light petroleum, and only slightly soluble in water or 
dilute acids; it crystallises from dilute methyl alcohol in colourless 
needles, m. p. 71° (Found: Cl, 36*7. C 7 H 7 0NC1 2 requires Cl, 
37-0%). • 

3 : 5-Dichloro-4:-nitrosoanisole was obtained by oxidation of the 
amino-anisole with Caro’s acid as follows: Potassium persulphate 
(16 g.) was stirred into concentrated sulphuric acid (32 g.), kept at 
room temperature for 1 hour, then poured on ice and neutralised 
with potassium carbonate, the final volume being about 250 c.c. 
The mixture was rendered faintly acidic with acetic acid, added with 
stirring to a cold suspension of finely-divided 3:5-dichloro-4-amino- 
anisole (2*5 g.) in 200 c.c. of water, and kept for 24 hours, the stirring 
being maintained for the first 6 hours; the solid product was 
filtered off, and unchanged amine removed from it by extraction 
with warm very dilute hydrochloric acid. The crude product 
(1*5 g.; m, p. 122°) was crystallised from carbon tetrachloride and 
then from methyl alcohol; colourless needles, m. p, 125° (Found : 
Cl, 34*23. C 7 H 6 0 2 NC1 2 requires Cl, 34*46%). The nitroso*anisole 
turns green on melting but becomes colourless again on solidifying, 
and is readily soluble in chloroform and acetone, but more sparingly 
soluble in carbon tetrachloride, benzene, and methyl alcohol, 
forming green solutions; it is insoluble in light petroleum and gives 
the Liebermann nitrosoamine reaction. 

3 : 5-DicMoroA-nitro$ophenol [-quino7ie-4:-o%ime( ?)] is obtained by 
heating 3:5-dichloro-4-nitrosoanisole (1 g.) with concentrated 
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sulphuric acid (10 c.c.) on the water-bath for | hour—longer periods 
produce charring. An odour of quinone is noticeable during the 
hydrolysis. On pouring the mixture on ice, a colourless solid separ¬ 
ates, which completely dissolves in alkalis to a green solution. The 
product gives the Liebermann nitrosoamine reaction, is soluble in 
methyl alcohol, ether, acetone, and glacial acetic acid, sparingly 
soluble in water, benzene, nitrobenzene, and chloroform, and 
insoluble in light petroleum and carbon disulphide. It separates 
from dilute acetic acid in colourless leaflets, which turn light brown 
on exposure and decompose at 165° (Found: N, 7*4; Cl, 36*9. 
C 6 H 3 0 2 NC1 2 requires N, 7*3; Cl, 37*0%). No change appears to 
be effected by alkalis but decomposition takes place with boiling 
acids. 

Among the unsuccessful attempts to prepare the foregoing nitroso- 
phenol may be mentioned the use of : (1) Aqueous solutions of the 
sodium salt of 3 : 5-diehlorophenol and sodium nitrite, which gave 
only the 4-nitrophenol on acidification under a variety of conditions; 
(2) formic and acetic acid solutions; (3) amyl nitrite (compare 
Henrich and Bodins, Ber., 1902, 35, 4192); (4) nitrosylsulphuric 
acid; (5) nitrous gases and an ethereal solution of 3 : 5-dichloro- 
phenol. The materials used as the starting-point of indirect methods 
included (1) 3 : 5-dichlorodimethylaniline; (2) 3 :5-dichloro-4- 

aminophenol (oxidation by Caro’s acid; also diazotisation, followed 
by oxidation with ferricyanide). 

An Example of Simultaneous Reduction and Chlorination .— 
Reduction of 3-chloro-4-nitroanisole (6 g.) with tin (6 g.) and con¬ 
centrated hydrochloric acid (50 c.c.) gave 2*5 g. of 3 : 5-dichloro-4- 
aminoanisole. Iron and acetic acid, or tin and dilute hydrochloric 
acid, however, effected normal reduction to 3-chloro-4-amino- 
anisole (compare Hodgson and Handley, J., 1926,542). 

S-CMoroA-nitrosoanisole is obtained when 3-chloro-4-amino- 
anisole hydrochloride (3*5 g.), dissolved in water (300 c.c.), is treated 
with sodium hydroxide (0*7 g.) then rendered faintly acidic with 
acetic acid, and oxidised by potassium persulphate (20 g.) as above. 
The product is almost insoluble in light petroleum, but readily 
dissolves in the usual organic solvents, forming green solutions; 
from methyl alcohol it crystallises in deep green needles, m. p. 59° 
(Found : Cl, 20*4. CfHgOgNCl requires Cl, 20*7%), which give the 
Ldebermann nitrosoamine reaction. 

Action of Nitrous Acid on 3 : 5-Dichlorodimethylaniline .—3 : 5-Di- 
chlorodimethylaniline was best prepared by heating 3 : 5-dichloro- 
aniline (8 g.), methyl sulphate (12 c.c.), and methyl alcohol (15 c.c.) 
for 5 hours in a sealed tube at 165—170° (great pressure is developed). 
The viscous red product was poured into water (100 c.c.) and kept 
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for 1 hour until solid. Yield 4 g. It crystallises from dilute methyl 
alcohol (charcoal) in colourless, rhombic plates, m. p. 55° (Found : 
Cl, 37*3. Calc. : Cl, 37*4%), which are readily soluble in the usual 
organic solvents. 

Attempts to nitrosate this compound by the usual methods having 
proved fruitless, the following method was attempted: 3 :5-Di- 
chlorodimethylaniline (3*8 g.), dissolved in formic acid (15 c.c.), was 
treated at 0° with finely powdered sodium nitrite (1*4 g.). The 
brown needles which first formed rapidly became resinous, and, 
after separation, the product was extracted with a mixture of equal 
parts of alcohol and acetic acid and then recrystallised from methyl 
alcohol; golden needles, m. p. 142° (Found : Q, 30*1. 

C 6 H 2 NMe 2 Cl 2 -N0 2 

requires Cl, 30-2; C 6 H 2 NlVIe 2 Cl 2 *]SrO requires Cl, 32*4%). This 
product is readily soluble in acetic acid but sparingly soluble in 
methyl alcohol. 

Nitration of 3 : 5-DicJdorodimetkylaniline. —To 3 g. of the dichloro- 
dimethylaniline in concentrated sulphuric acid (12 c.c.) at 0°, nitric 
acid (1 c.c.; 91%) was gradually added during 1 hour. The 
mixture was kept for a further hour at 0°, then poured on ice, and the 
resulting solid was filtered off, washed with cold alcohol, and 
crystallised from methyl alcohol; golden needles, m. p. 142° 
(Found : Cl, 30*3%). This product, 3 : 5-dicMoro-4: : nitrodimethyl- 
aniline , was identical with the preceding substance (mixed m. p. 
determination), thereby establishing the fact that 3 : 5-dichloro- 
dimethylaniline is nitrated by nitrous acid in formic acid solution. 

3:5-Dichloro-4-nitro-dimethylaniline is not decomposed on 
boiling with aqueous alkaline hydroxides. 

The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 

Technical College, Huddersfield. [Received, August 5th, 1927.] 


CCXCVL —The Abnormal Reaction of Certain Aromatic 
Aldehydes with Schiffs Reagent . 

By John Baldwin Shoesmith, Charles Edwin Sosson, and 
Arthur Clement Hetherington. 

Wielanp and Schetjing (Ber., 1921, 54, 2527) have recently carried 
out an investigation on the nature of SehifFs reagent and the 
colour obtained in its reaction with aldehydes, and conclude that 



2222 SHOESMITH, SOSSON, AND HETHERINGTON : THE ABNORMAL 

the essental constituent of the reagent is an jV-sulphinic acid of 
pararosaniKne-C-leucosulphonic acid, 

S0 3 H-C(C 6 H 4 -NH 2 ) 2 -C 6 H 4 -NH-S0 2 H. 

To the soluble violet dyestuff produced on the admixture of the 
reagent with acetaldehyde they ascribe the formula 

nh:c 6 h 4 :c[C 6 h 4 -nh*so-o-ch(oh)-ch 3 ] 2 . 

There are several references to abnormalities in the Schiff aldehyde 
reaction in the literature (compare Lorenz, Ber., 1881, 14, 789; 
Schmidt, ibid., p. 1840; Bela von Bitto, Z. anal. Chem., 1897, 36, 
369; Paula and von Buttlar, Annalen, 1911, 383, 230), and one of 
us has remarked on the behaviour of salicylaldehyde (J., 1923,’ 
123, 2700) and (E-resorcylaldehyde (ibid., p. 2705) in giving yellow 
colorations and precipitates, in place of the usual soluble dyestuff, 
under certain conditions. 

Investigations have been carried out with a view to discovering 
(1) the class of aldehyde which gives these abnormal yellow pre¬ 
cipitates with Schiff’s reagent; (2) the conditions under which 
these precipitates are formed—because it was afterwards discovered 
that red colorations and precipitates are produced under other 
conditions; and (3) the nature of this abnormal reaction and the 
composition of the precipitates. 

Of the large number of aldehydes examined ortho-hydroxy- 
aromatic aldehydes most readily give yellow precipitates; indole- 
aldehyde behaves similarly. The reaction product is chiefly de¬ 
pendent on the quantity of sulphur dioxide capable of neutralising 
iodine (afterwards referred to as 4c free 55 sulphur dioxide) present 
in the reagent, as is seen from the Table, in which Y = yellow, 
O = orange, R = red, P = purple, B — brown, subscript p = pre¬ 
cipitate, subscript c = coloration, and g. = g. of “free” sulphur 


dioxide per 100 c.c. of reagent. 

g* 

= 19 

10 

1-0 

0*25 

0*1 

Aldehyde, 

Salicylaldehyde . 

Pc 

Reaction. 
Pp Yp 

Z> 

Yp 

p-Hydroxybenzaldehyde .. 

Pc 

Pc 

y p 

Yp 

Y« 

g-Resorcylaldehyde... 

Dihydroxyisophthalaldehyde . 

E? 

Yp 

Z* 

f. 

Y P 

2:3:4-Trihydroxybeii2aldehyde 

Y c 

Y 0 

Y c 


p -Methoxysalicy laldehy de. 

Rp 

Rc+Yp 

y p 

5 

^P 

Vanillin ..... 

B p 

Bp 

Yp 

Yp 

Orcylaldehy de .... 

Rp 

Y P 


Yp 

Y P 

a-OrcmdiaJdehyde .... 

R p 

Y p 

Yp 

Z° 

Yp 

Indole-3-aldehyde .... 

R p 

Yp 

Yp 

Yp 

% 

2-Hydroxy-3-methylbenzaldehyde 

Rp 

Y p 

y p 

Yp 

2-Hydroxy-4-methylbenzaldehyde 

R P 

?p 

Y P 

Yp 

2-Hydroxy-5-methyIbeiizaldeIiyde 

R P 

Yp 

Yp 

Y P 

2-Hydroxy-1 -naphthaldehyde ...... 

°p 

= Op 

Op 

Op 

Op 

l-Hydroxy-2-naphthaIdehyde ...... 

Rc+Op 

Op 

Op 

Op 

Op 

Onnamaldehyde .... 

Pp 

Bp 

Bp 

Bp 

Bp 
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The following aldehydes, chosen as representatives of other classes, 
behave normally, in that red or purple solutions are obtained 
under all the above conditions : Benzaldehyde, m-hy&roxy-, and 
o-, m-, andp-methoxy-benzaldehydes; o-, m-, andp-nitro-, o-ehloro-, 
o- and m-fluoro-, m- and p-bromo-, p-methyl-, 2-nitro-4-methoxy-,* 
3-nitro-4-methoxy-benzaldehydes; 3 : 4-methylenedioxybenzalde- 

hyde (P p + V c ); isopropyl- and 2-carboxy-3 : 4-methylenedioxy- 
benzaldehydes; a-naphthaldehyde, and its 3-* and 5-methoxy- and 
5-bromo-derivatives; 5-bromo-2-naphthaldehyde; acrolein (deep 
blue), isobutyric aldehyde, glycollaldehyde, and glyoxal. It is 
noteworthy that 2:4-dimethoxybenzaldehyde, 2-methoxy-l-naphth- 
aldehyde,f and thioacetaldehyde were neutral towards the reagent, 
and that resacetophenone and 2:4:2': 4 / -tetrahydroxybenzo- 
phenone gave a violet coloration very slowly—in sharp contrast to 
p-resorcylaldehyde, which reacts rapidly. 

In general, o-hydroxy-aromatic aldehydes give the yellow pre¬ 
cipitates most readily, but exceptions to the rule are afforded by 
p-hydroxybenzaldehyde, which gives the yellow reaction when only 
a trace of “ free ” sulphur dioxide is present, by vanillin, by cinnam- 
aldehyde and indole-aldehyde. 

In order to ascertain the composition of the precipitates, that 
obtained from p-resorcylaldehyde was examined in detail. They 
cannot be separated as pure compounds owing to their insolubility 
in organic solvents or water, and to their instability towards acids 
and alkali. Analytical results were therefore only approximate, 
but a satisfactory clue to the constitution of the precipitate in each 
case was obtained from the interaction of the aldehyde with reagents 
in which the base employed was analogous to pararosaniline. 

Neither the yellow nor the red precipitates have a constitution 
approximating to that proposed by Wieland and Scheuing for the 
dyestuff. The two classes of precipitates have very nearly, but not 
quite, the same constitution. When they are first formed their 
behaviour corresponds with that which would be expected of 
sulphites of hydrated SckifFs bases formed from the aldehyde and 
pararosaniline-C'-leucosulphonic acid, S0 3 H*C(C 6 H 4 dNH 2 ) 3 —the 
basic constituent of SchifFs reagent. These sulphites, on drying 
over calcium chloride or potassium hydroxide, slowly lose sulphur' 
dioxide; and after complete removal of the “sulphite 55 sulphur 
dioxide by dilute aqueous sodium bicarbonate, the final dried 

* These aldehydes have not been described in the literature and were 
prepared in connexion with other investigations, an account of which, it is 
hoped, will be published shortly. 

t This is probably due to steric hindrance, because in another investigation 
it was found impossible to convert the aldehyde to the alcohol by the well- 
known methods which readily served in other cases. •: 

.' 4e2 
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substance has properties that would be associated with, and a 
composition approximating to that of, a hydrated Schiff’s base of 
formula S 03 H-C[C 6 H 4 -NH-CH(OH)-C 6 H 3 (OH) 2 ] 3 . On careful hydro¬ 
lysis with 10% aqueous sodium hydroxide, in which the precipitates 
are soluble, it was possible to recover the aldehyde in a quantity 
corresponding to that expected from the above formula, but the 
recovered pararos anilin e could not be estimated. Hence we regard 
the reaction with this type of aldehyde as being S 03 H*C(C 6 H 4 *NH 2 ) 3 
+ 3R-CHO + rcH 2 S0 3 —> S0 3 H-C[C 6 H 4 *NH-0H(OH)R]3('H 2 SO 3 ) ;c , 
the sulphurous acid acting as a catalyst in the formation of the 
" Schiff’s base.” 

This suggestion is substantiated by the production of the yellow 
precipitates from pure pararosaniline-C r -leueosulphonic acid and 
P-resorcylaldehyde in sulphurous acid solution, and also of pre¬ 
cipitates, which are analogous in appearance, constitution, and 
general properties, from the aldehyde and the following: {a) the 
leucosulphonic acid in hydrochloric acid solution, this acid taking 
the place of sulphurous acid as a catalyst, and the resulting pre¬ 
cipitate being a hydrochloride, and not a sulphite; (b) sulphurous- 
acid solutions of p^^p^'-triaminotriphenylmethane; (c) p'p"-d i- 
aminotriphenylcarbinol; (d) p'p" - diaminotriphenylmethane; or (e) 
p- aminotriphenylmethane. It was not possible to obtain the 
simplest analogue of Schiff’s reagent, i.e., a sulphurous acid solution 
of p - aminotriphenylc arbinol. 

The reaction of Schiff’s reagent in the normal case is considered 
by Wieland and Scheuing to involve the production of a compound 
in which carbon and nitrogen are indirectly united through sulphur 
dioxide, i.e., the formation of an aldehyde-bisulphite type, whilst 
in the abnormal cases the C-N union is direct, i.e., of the Schiff’s 
base or anil type. The presence of large quantities of sulphur 
dioxide in the reagent favours the bisulphite reaction and also 
retards the Schiff’s base reaction, and thus in some of the cases 
examined, e.g., salicylaldehyde, a small quantity of the red dyestuff 
is produced with Schiff’s reagent saturated with sulphur dioxide. 
The red precipitates are therefore really yellow ones which have 
adsorbed a little of the red dyestuff, but not sufficient to make the 
analytical results for the two classes markedly different. 

It is not yet understood why the aldehydes given above should 
behave in this abnormal manner towards Schiff’s reagent. 

Experimental. 

Reaction of fi-Resorcylaldehyde towards Schiffs Reagent. 

The reagent was prepared by allowing 10 g. of pure pararosaniline 
(Kahlbaum) to stand at the ordinary temperature in 500 c.c. of 
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saturated aqueous sulphur dioxide; when the solution became 
colourless 200 c.c. were added to a (saturated) solution of 8 g. of 
p-resorcylaldehyde in 1000 c.c. of water at 20°. The freshly pre¬ 
pared reagent produced a red coloration followed by a red pre¬ 
cipitate; a yellow precipitate then formed slowly under ordinary 
conditions, but very rapidly if sulphur dioxide was removed from 
the solution under diminished pressure. From a separate portion 
of the reagent, the sulphur dioxide was removed, and samples 
were used at various concentrations of 44 free ” sulphur dioxide 
(1) to estimate the amount of sulphur dioxide present, by titration 
with iodine, and (2) to investigate the effect of loss of sulphur 
dioxide from the reagent on the nature of the reaction. The results 
are summarised on p. 2222. 

The solids were filtered and they then dissolved in aqueous 
alkali—the yellow with an orange colour, the red wdth a purple 
colour—and from these solutions the original solid could be imme¬ 
diately reprecipitated by the addition of acid. If allowed to stand 
in such a solution, the solids were hydrolysed (very rapidly if the 
solutions were heated) and a purple solid, pararosaniline, was pre¬ 
cipitated along with a little tar. After this was filtered off, acidi¬ 
fication of the alkaline solution produced a strong odour of sulphur 
dioxide, and p-resorcylaldehyde could be extracted from the acid 
liquid with ether, thus showing the essential constitution of the 
solids to be : aldehyde, pararosaniline, and sulphur dioxide. 

For analysis, the solids were filtered and dried in a desiccator. 
The red remained unchanged in colour, but the yellow slowly lost 
sulphur dioxide and water, becoming dark green, and only became 
yellow again on the addition of sulphurous acid , and not on the 
addition of either water or sulphur dioxide alone. The loss of 
sulphur dioxide and the concomitant colour change were continuous 
as shown by sulphur estimations (see below) at intervals. The 
last trace of sulphur remaining in the solids as sulphite (but not 
that on the central carbon atoms of the rosaniline) was removed by 
dilute aqueous sodium bicarbonate, which caused the sample which 
was originally yellow to become deep green, but did not affect the 
colour of the red sample. 

Sulphur estimations (Carius ). Yellow solid: 2 days, 7*16; 1 
week, 5*6; 2 months, 4*0; after washing with NaHC0 3 , 2*8%. 
(Last sample had N, 4*4%.) Red solid: 1 week, 6*0; 2 months, 
4*3; after washing with NaHCO s , 3-2%. (Last'sample had N, 
5*1%.) The last sample from the yellow compound, which had 
been thoroughly dried over calcium chloride, was further dried 
over concentrated sulphuric acid in a vacuum. The last treatment 
caused a loss of 7*2%, which is ascribed to loss of water from any 
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-NH-CH(OH)- groups present (compare Dimroth and Zoeppritz, 
Ber., 1902, 35, 996). 

In order to demonstrate the catalytic action of the sulphurous 
acid, pararosaniline-G-leucosulphonic acid (Wieland and Scheuing, 
loc. cit.) was dissolved in (a) sulphurous acid and (6) dilute hydro¬ 
chloric acid, and on the addition of an aqueous solution of p-resorcyl- 
aldehyde to these solutions, a yellow precipitate {Found: TS, 4*4; 
S, 2*9. S0 3 H*C[C 6 H 4 *NH*CH(0H)-C 6 H 3 (0H) 2 ]3 requires N, T 5*4; 
S, 4*1%} was produced in the former case, identical in all 
respects with that from the aldehyde and Schiffs reagent, and a 
greenish-yellow precipitate {Found: N, 4*4; Cl, 8*5; S, 2*75. 
S0 3 H-C[C g H 4 -NH'CH(0H)*C 6 H 3 (0H) 2 ,HC1] 3 requires N, 4*7; Cl, 
11*8; S, 3-5%} in the latter case; this differed from the yellow 
precipitate in containing hydrolysable chlorine, i.e., it was the 
hydrochloride instead of the sulphite. Since it was impossible to 
recrystallise either of the solids, the analytical results only approxi¬ 
mate to those of pure compounds, and it appears as if some of the 
nitrogen atoms combined with two aldehyde residues, causing the 
low results for S, N, and Cl. 

The quantity of aldehyde present in the precipitate was deter¬ 
mined as follows, the method being trustworthy to within ± 2% : 
A weighed quantity of the solid was hydrolysed with boiling 8% 
aqueous sodium hydroxide, the solution cooled, filtered from 
pararosaniline, almost neutralised with dilute hydrochloric acid, 
and made up to 50 c.c. Phenolphthalein was added, followed by 
hydrochloric acid drop by drop until the solution was just colourless; 
methyl-orange was then added and the solution titrated with 
standard acid. This was a measure of the aldehyde in the original 
compound, since (3-resorcylaldehyde is acid to phenolphthalein,* 
but does not affect methyl-orange. An addition of 0*1 c.c. of the 
acid was required to correct for the change from p E 7—9 (sensitivity 
to phenolphthalein) to p K 3—5 (sensitivity to methyl-orange). 
The yellow solid contained 56% of aldehyde, and the red 50%; 
S0 3 H-C[C 6 H 4 *KH*CH(0H)*C 6 H 3 (0H) 2 ]3 requires 52%. The alde¬ 
hyde content should be higher than that given by the titration 
method but the tar probably contained a little aldehyde which 
resisted aqueous extraction. 

Influence of Sulphurous and Hydrochloric Acids on the Rate of 
Precipitation of Schiffs Base. —A standard solution of each acid 

* Although 0-resoreylaldehyde behaves as a monobasic acid towards alkali 
in presence of phenolphthalein (compare Annalen, 1911, 383, 288), 4 : 6-di- 
hydroxyisophthalaldehyde behaves partly as a mono- and partly as a di-basic 
acid, and cannot be estimated in the same manne r. 
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was in turn added to a dilute aqueous solution of aniline (3%), 
which was then immediately added to a 5% solution of p-resorcyl- 
aldehyde, the tube shaken, and the time (t) noted for the appearance 
of the precipitate. In each case, increasing concentration of acid 
first diminished and then increased the time required : 


G. of SO s per 100 c.c. 
of solution. 

t (secs.). 

G. of HC1 per 100 c.c. 
of solution. 

t (sees.). 

0*0 

115 

0*0 

110 

0*026 

75 

0*0073 

100 

0*066 

60 

0*0803 

15 

0*092 

20 

0*3285 

15 

0*118 

20 

0*4280 

20 

0*170 

45 

0*5840 

95 

0*298 

200 

0*8760 

>300 


Condensation of Resorcylaldehyde with Bases analogous to Tri- 
phenylmethane-C-leucosuljphonic Acid . 

Preparation of Bases .—p'p"p -Triamimtriphenylmethane. [Finely 
powdered, dried triphenylmethane (10 g.) was slowly added to a 
constantly stirred mixture of 78 g. of nitric acid (d 1*42) and 120 g. 
of concentrated sulphuric acid at — 5—0°, and after the temperature 
of the whole had been allowed to rise slowly to about 15° hour), 
the reaction mixture was poured into much cold w T ater, and the 
solid trinitrotriphenylmethane was filtered off, boiled with 75% 
acetic acid, filtered, dried, and recrystallised from chloroform-ether; 
m. p. 212*5° (yield, 65%). 

The trinitro-compound was dissolved in boiling glacial acetic 
acid, and to the red solution zinc powder was added until the 
colour had disappeared. The whole was diluted with water, excess 
of zinc filtered off, ammonia added to the solution, and the base 
filtered, dried, dissolved in dilute hydrochloric acid, the hydro¬ 
chloride precipitated by the addition of concentrated hydrochloric 
acid, and finally dissolved in water, from which the free base was 
precipitated with ammonia, filtered, dried, and recrystallised from 
absolute alcohol. It had m. p. 201°. 

pp'-Diamimtriphenylmethane. This was prepared by a slight 
modification of Baeyer and Villiger’s method (Ber., 1904, 37, 2860); 
part of it was acetylated, and the diacetyl derivative (m. p. 233— 
234°) was oxidised to the carbinol, which was purified by conversion 
to the hydrochloride (Doebner’s violet) and reprecipitation with 
ammonia. It had m. p. 173°. 

p-Aminotriphenylmethane. A mixture of benzhydrol (5 g.) (from 
benzophenone), aniline hydrochloride (3*5 g.), and powdered 
anhydrous zinc chloride (4 g.) was immersed for 20 hours in the 
vapour of a mixture of toluene and xylene at I40°—this temperature 
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is of extreme importance. The whole was cooled, the tube broken, 
washed with water, shaken with a mixture of ether and sulphuric 
acid, and the curdy, insoluble amine sulphate filtered off, recrystal¬ 
lised from water, dried, extracted with ether (Soxhlet) until no 
brown coloration of the ether was observed, and finally dissolved 
in much boiling water; the base was then precipitated by sodium 
hydroxide and crystallised from light petroleum (aggregates of 
colourless plates, m. p. 84*5°). The acetyl derivative had m. p. 
167° (compare Baeyer and Villiger, loo. cit.). 

p-Aminotriphenylcarbinol. The methane was oxidised as in the 
case of the diamino-compound (compare Baeyer and Lohr, Ber., 
1890, 23, 1623). p-Acetamidotriphenylcarbinol crystallises in fine, 
lustrous needles, m. p. 175-5°. To obtain the free amine, the pure 
acetyl derivative (4*5 g.) was mixed with 250 c.c. of dilute sulphuric 
acid (1 in 5) and 30 c.c. of alcohol, and the whole was boiled until 
clear (3 hours). The solution was filtered and caustic soda added 
to the hot filtrate (not sufficient to neutralise it) until a few drops 
gave a crystalline deposit on cooling. The bulk of the solution 
was then allowed to cool, and the aminotriphenylcarbinol sulphate 
crystallised in orange plates, which were dried and extracted in a 
Soxhlet, as in the case of the diamino-compound. The pure sulphate 
was then dissolved in hot water and the base precipitated with 
ammonia. It had m. p. 115°, but could not be obtained in a 
crystalline condition from any solvent (compare Baeyer and Lohr, 
loc. cit.). 

Unlike the di- and tri-amino-derivatives, the mono-amino-carbinol 
is not readily soluble in sulphurous acid, and in an attempt to 
prepare the (7-leueosulphonic acid by dissolving the carbinol in hot 
sulphurous acid solution, a crystalline solid was obtained of m. p. 
125—128° (decomp.) (Found : N, 3-72; S, 5*6). The compound 
most nearly corresponding to this is the sulphite 
[(C 6 H 5 ) 2 C(0H)-C 6 H 4 -NH 2 ] 2 ,H 2 S0 3 , 
which requires N, 4*4; S, 5*1%. When heated on the water-bath, 
the crystals became deep orange in colour, in agreement with the 
fact that feebly coloured salts of the carbinol become deeply 
coloured when heated. Hence the (7-leucosulphonic acid could not 
be obtained because of the insoluble nature of the sulphite first 
formed on the addition of sulphurous acid to the carbinol. 

Aqueous solutions of the aldehyde were mixed with sulphurous 
acid solutions of the above bases in. order to trace the regularity 
in sulphur and nitrogen content of the precipitates. The estimations 
were carried out after the solids had been washed with aqueous 
sodium bicarbonate and dried, and the results are summarised as 
follows. 
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Calc, for 1 aldehyde 
to each NH a -group 

N%. S%. N%. S%. 

5*3 trace 5-97 0-0 

4*6 „ 5-06 0-0 

4-1 3-4 4-43 5-1 

3-5 0*0 3*5 0*0 

It is thus seen that only in the cases of the carbinols where C- leueo- 
sulphonic acids are formed is any appreciable quantity of sulphur 
left in the solids, and the proportion of nitrogen falls quite regularly 
with number of amino-groups present. It is also noteworthy that 
all the precipitates contained sulphur until washed with dilute 
bicarbonate, and that the colour change was not so marked in the 
case of the methanes as the carbinols. 

Condensations of Other Aldehydes with Schiff's Reagent. —The 
aldehydes used here were prepared by the methods given in the 
literature.* The majority of these were almost insoluble in water 
and hence were first dissolved in alcohol, which had to be freed 
from traces of aldehyde. For this purpose it was boiled with solid 
caustic soda and distilled, the middle fraction being mixed with about 
2 c.c. of SchifFs reagent and again fractionated; the first portion 
was rejected, but about 1 1. of alcohol, which gave a very faint 
pink colour with SchifFs reagent only after the lapse of hour, 
was thus obtained. The aldehyde to be tested (0*25 g. approx.) 
was then dissolved in 5 c.c. of the alcohol, 5 c.c. of the reagent 
(made up as before) were added, and the mixture was very gently 
shaken to avoid atmospheric oxidation of the alcohol. The results 
are given on p. 2222. 

Note on the Stability of Schiffs Reagent. —As is well known, 
SchifFs reagent when heated develops a red colour similar to that 
obtained in normal aldehyde reactions. It has been found that 
this colour disappears when the solution is cooled if it has not been 
either boiled or heated for a considerable time, for the appearance 
and disappearance of the colour depend on the amount of sulphur 
dioxide present in this solution. Damianovich ( Chem . Abs., 1910, 
4, 1681) heated SchifFs reagent in a sealed tube, and therefore 
noted the same phenomenon. _pp'-Diaminotriphenylcarbinol be¬ 
haves in exactly the same way, the development of a deep violet 
colour in the heat and its disappearance in the cold being very 
striking. Absorption spectra were photographed and the bands 
were almost identical in the first case with those observed in para- 
rosaniline hydrochloride, and in the second case with those in 
Doebner’s violet. A colour change wa^also noted in the case of 

* Neither orcinol nor indole condenses with diphenylformamidine to give 
an aldehyde-anil (compare Shoesmith and Haldane, J., 1923,123, 2705). J 


Amine. 

CH(C 6 H 4 *NH 2 ) 3 . 

CHPh(C 6 H 4 *NH 2 ) 2 .. 
CPh(OH)(C 6 H 4 *NH 2 ) 2 
CHPho-CeH^NHa .... 
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the mono-amino-compound and here the hot solution was yellow 
and the cold colourless, hut for reasons given this was not so satis¬ 
factory as the others. Wieland and Scheuing (loc. cit.) have proved 
that when Schiff’s reagent is boiled until a precipitate appears the 
following reaction takes place : 

2C(NH 2 *C 6 H 4 ) 2 (S0 3 H)*C 6 H 4 'NH*S0 2 H —> 

(a.) c(nh 2 -c 6 h 4 ) 3 -so 3 -nh 2 :c 6 h 4 :c(C 6 h 4 -nh 2 ) 2 . 

(B.) 


The formation of the colour suggests that an intermediate stage 
has been observed and that the full cycle of changes is as follows : 


Heated 
(30, lost to 
solution) 


Cooled (S0 2 
regained 
by C) 


;(NH 2 -C 6 H 4 )3C-S0 3 H 


(C.) 


Further 

heating 

-<—t (nh 2 -c 6 h 4 ) 2 c:c 6 h 4 :nh,h 2 so 3 

Cooling (D; coloured) 

Loss of SO, from 
boiling solution 

(NH 2 *c 6 h 4 ) 2 c:c 6 h 4 :nh (e.) 


Unchanged C combines with E to form B by salt formation. 

In order to avoid this disadvantage of SchifFs reagent, a £C modi¬ 
fied reagent ” .has been suggested independently by Prudhomme 
(Bull. Soc. hid. Mulhouse, 1904, 74, 169) and by Wertheim (J. 
Amer. Chem. Soc., 1922, 44, 1834), which is prepared from para- 
rosaniline and sodium hyposulphite. Towards such a reagent the 
o-hydroxybenzaldehydes behave as towards a Schiff’s reagent con¬ 
taining about 1 g. of “ free ” sulphur dioxide per 100 c.c. 


The authors wish to acknowledge a grant from the Earl of Moray 
Research Fund and a teaching fellowship to one of them (J. B. S.) 
from the Carnegie Trustees during the tenure of which the inves¬ 
tigation was completed. 

Edinbtjbgh UinvERSiTY, [Received, June 21th, 1927.] 


CCXCVII —The Action of Phosphorus Pentdbromide on 
the Isomeric fi-M ethoxy phenylethyl Alcohols . 

By John Baxdwin Shoesmith and Robert Jordan Connor. 

During attempts to prepare the isomeric (3-methoxyphenylethyl 
bromides by the method which served for the corresponding methyl 
derivatives (Shoesmith and Connor, this vol., p. 1768), it has been 
discovered that when the phosphorus pentabromide reacts with the 
'isomeric p-methoxyphenylethyl alcohols, the nuclear directing power 
of the methoxyl group is so great that it causes the formation of 
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nuclear-brominated derivatives of the expected (3-methoxyphenyl- 
ethyl bromides. Thus the only compounds isolated in a pure state 
are $-5-bromo-2-methozyphenylethyl bromide from the ortho-alcohol, 
$-6-broim-S-mefhoxyphenylethyl bromide from the meta-, and p-3- 
bromo-&~methoxyphenylethyl bromide from the para-alcohol. The 
orientation of the disubstituted (3-phenylethyl bromides has been 
proved in each case by oxidation to the corresponding known 
bromomethoxybenzoic acid. 

Whilst carrying out preliminary experiments on the most satis¬ 
factory methods for obtaining substituted (3-phenylethyl alcohols, 
the authors found that (3-phenylethylamine in aqueous hydrochloric 
acid yields with nitrous acid an appreciable quantity of p-phenyl- 
ethyl chloride in sharp contrast to the production of pure alcohols 
from the isomeric tolylmethylamines (Shoesmith and Slater, J., 
1924, 125, 2278). 

Experimental. 


Three series of reactions by which the isomeric p-methoxy- . 
phenylethyl alcohols might conceivably be prepared were inves¬ 
tigated : 

OH 2 (00 2 H) a Na 

(1) R-CHO — > chr:ch-co 2 h ch 2 r-ch 2 -co 2 h 

S0C1, KaOCl HUO, 

ch 2 r-ch 2 -conh 2 —> ch 2 r-ch 2 -nh 2 —> CH 2 R-CH 2 -OH 

(Haworth, Perkin, and Rankin, J., 1924,125, 169). 

OH.ITO, Za + Na 

(2) r-cho —4 chr:ch-no 2 —ch,r-ch:noh —-> 

v 1 -f-alkali 4 acid 4 amalg. 

CHaR-CHa-NHa —CH 2 R-CHa-OH (Rosennmnd, Ber., 1909, 42, 
4778). 

Mg -f- 

(3) R*Br ' 0]B30I . QHt0 > CH 2 R-CH 2 -OH (Grignard, Compt. rend 
1905, 141, 44) . 3 


The yield of amine obtained by scheme (1) was much better than 
that by (2), but the poor yield of alcohol from amine led to the 
adoption of (3), which involved the laborious preparation of large 
quantities of the isomeric bromoanisoles. 

The following is the best method for the preparation of o-methoxy- 
benzaldehyde [used in (1) and (2)] in quantity: Salicylaldehyde 
(122 g.) was emulsified in a flask fitted with a reflux condenser by 
vigorous stirring with 40 c.c. of water, and a solution of potassium 
hydroxide (85 g. in 160 c.c. of water) added alternately with methyl 
sulphate (157 g.). The appearance and disappearance of the yellow 
colour of the potassium compound of the aldehyde served as an 
excellent indication of the course of the reaction; excess of alkali 
was avoided and hence the reaction temperature could be allowed to 
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rise without affecting the yield, which was always about 100 g., 
b. p. 236—237°. 

The amines obtained in series (1) had b.p.’s as follows : It =C 6 H 5 , 
88—89°/18 mm.; It = o-MeOC 6 H 4 , 127—128°/21 mm.; R = 
m-MeOG 6 H 4 , 126—127°/14 mm.; R = p-MeO*C 6 H 4 , 131—132°/ 
18 mm. 

Action of Nitrotis Acid on $-Phenylethylamine in Hydrochloric Acid 
Solution .—The amine hydrochloride, precipitated from a benzene 
solution of the amine by hydrogen chloride, was dissolved in a small 
quantity of water, and dilute hydrochloric acid added, followed by 
an aqueous solution of sodium nitrite. The whole was allowed to 
stand for 2 hours and the reaction was completed by 30 minutes 5 
heating on the water-bath. The oil was extracted with ether, 
washed, dried, and distilled, the lowest fraction, b. p. 82—87°/21 
mm., being collected separately. It was a colourless, non-pungent 
oil, containing hydrolysable chlorine, and when treated with fuming 
nitric acid at —15° (compare Barger, J., 1909, 95, 2193) it yielded 
P-^-nitrophenylethyl chloride, m. p. 46—47°, unaltered by admix¬ 
ture with an authentic specimen. When sulphuric acid was employed 
in place of hydrochloric acid only very small, impure yields were 
obtained. 

As examples of the methods used in scheme (2), the following are 
given, since the compounds have not been previously described. 

m-Methoxy-a-nitrostyrene. —To a vigorously stirred solution of 
m-methoxybenzaldehyde (28 g.) and nitromethane (13 g.) in 
alcohol (40 c.c.), 25% methyl-alcoholic potassium hydroxide (23 c.c.) 
was slowly added, followed by a solution of sodium hydroxide 
(4 g. in 20 c.c. of water), after which the almost solid product was 
poured into ice-water and, when completely in solution , decomposed 
with the calculated quantity of ice-cold sulphuric acid; the crude 
yellow m-methoxy-a-nitrostyrene was filtered, washed, and dried. 
It crystallised from alcohol in light yellow plates, m. p. 93—94° 
(Found : N, 8*0. requires N, 7*8%). 

The nitrostyrene (13 g .) was mixed with zinc dust (13 g.) and the 
mixture added to a vigorously stirred solution of 25 c.c. of glacial 
acetic acid in 65 c.c. of alcohol, the temperature being kept at 35°. 
After 10 minutes, alcohol (20 c.c.) was added, and when the temper¬ 
ature had fallen to 15° the solid was filtered off and extracted with 
ether; the extract was washed with aqueous sodium carbonate and 
then extracted with sodium hydroxide. m-Methoxyphenylacet- 
aldoxime was precipitated from this on the addition of sodium 
bicarbonate, and was filtered, washed, dried, and recrystallised 
from ligroih, and finally from water; white needles, m. p. 92*5—93° 
(Found : N, 8*5. C 9 H 11 N0 2 requires N, 8*5%). 
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From this oxime in alcoholic acetic acid only a very small quantity 
of (3-ra-methoxyphenylethylamine could be obtained by the action 
of 3% sodium amalgam. 

Action of Phosphorus Pentabromide on Methoxyphenylethyl 
Alcohol .—o-Bromoanisole. b. p. 220°/744 mm., prepared by the 
action of methyl sulphate on o-bromophenol, was converted into 
p-o -methoxyphenylethyl alcohol in the manner already described 
(Shoesmith and Connor, loc. cit.). It is a colourless liquid, b. p. 
130—131°/11 mm. (Found: C, 71*8; H, 7-77. C 9 H 12 0 2 requires 
C, 71*1; H, 7-9%). The alcohol (10 g.) was slowly added to 
phosphorus pentabromide (35 g.) in dry benzene (50 c.c.), the whole 
being cooled in ice-water. After 30 minutes, dry air was slowly 
drawn through the solution for 4 hours during which time the penta¬ 
bromide slowly disappeared. The solution was then washed with 
ice-water, dried, the benzene distilled, and the residue fractionated 
under diminished pressure. No definite fraction could be separated 
other than one at 160—165°/12 mm., which solidified and crystallised 
from alcohol in fine, non-pungent, white needles of $-5-bromo- 2- 
meihoxyphenylethyl bromide , m. p. 55° [Found: C, 36*9; H, 3*5; 
Br (total), 53*7; Br (hydrolysable), 27*2. C 9 H 10 OBr 2 requires C, 
36*7 ; H, 3*4; Br (total), 54*4; Br (hydrolysable), 27*2%]. 

The compound resisted oxidation with alkaline permanganate 


but was oxidised finally according to the scheme CH 2 R*CH 2 Br 


CHRICHn 


K a Cr a O, 


ale. 


KOH 


-f-H a S0 4 


> R*C0 2 H. Approximately 0*5 g. of the bromide 


was heated on the water-bath for 30 minutes with 5 c.c. of 20% 
alcoholic potassium hydroxide; the whole was diluted with water, 
extracted with ether, the ether distilled, and the residue boiled for 
3 hours with T2 g. of potassium dichromate and 7 c.c. of 20% 
sulphuric acid; the resinous oxidation product was separated and 
boiled with aqueous sodium hydroxide, excess of dilute hydro¬ 
chloric acid was added, the liberated acid was extracted with ether, 
and the ether solution in turn extracted with sodium carbonate, 
from which on acidification and ether-extraction an acid was 
obtained. Recrystallised from water, it had m. p, 118—119°. 
5-Bromo-2-methoxybenzoic acid has m. p. 119° (compare Gazzetta , 
1886, 16, 408). This established the constitution of the bromide 


as above. 

Action of Phosphorus Pentabromide on (3-m- Methoxyphenylethyl 
Alcohol .—m-Bromonitrobenzene was reduced to m-bromoaniline 
by West’s method (J., 1925,127, 994) and converted intom-bromo- 
phenol (compare B.P. 200714)—for the necessary details of this 
process we are greatly indebted to Dr. H. H. Hodgson. This phenol 
with methyl sulphate gave m-bromoanisole, b. p. 214°/729 mmu. 
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which was then converted into (3 -m-methoxyphenylethyl alcohol in the 
usual manner. The alcohol is a colourless liquid, b. p. 135—137°/ 
12 mm. (Found : C, 71*1; H, 7*6%). 

When the alcohol was treated with phosphorus pentabromide, 
as in the previous case, no definite fraction could be separated, but 
when excess of pentabromide was used in the cold, a colourless, 
non-lachrymatory, non-pungent oil, b; p. 163—165°/13 mm., was 
isolated [Found: Br (total), 53*8; Br (hydrolysable), 27*2%]. The 
compound was oxidised much more readily than its isomeride, and 
gave an acid, m. p. 160—161°, which did not depress the m. p. of an 
authentic sample of 6-bromo-3-methoxybenzoic acid (J., 1925, 127 , 
880), kindly supplied by Dr. H. H. Hodgson. This characterised the 
oil as $-C-bromo-3-methoxyphenylethyl bromide . 

Action of Phosphorus Pentabromide on $-p-Methoxyphenylethyl 
Alcohol .—The alcohol was obtained from p-bromoanisole in the usual 
manner, and when purified had b. p. 138—140°/11 mm., fix. p. 24° 
(compare Grignard, loc. cit.). When 1 mol.,of pentabromide was 
used per mol. of alcohol, a colourless oil, b. p. 130—131°/11 mm., 
was obtained, which was almost pure (3-p -methoxyphenyletbyl 
bromide [Found: Br (hydrolysable), 35*0. C 9 H n OBr requires 
Br (hydrolysable), 37*2%]. It was non-pungent and non-lachrym¬ 
atory, and very similar in properties to the (3-tolylethyl bromides 
(Shoesmith and Connor, loc. cit.) 3 but further fractionation produced 
no improvement in the quality of the sample. With excess of 
pentabromide a colourless oil of b. p. 187—188°/19 mm. was formed 
[Found: Br (hydrolysable), 27*0%]. From this oil an acid of 
m. p. 217° was obtained on oxidation. 3-Bromo-4-methoxybenzoic 
acid has m. p. 218° (Balbiano, Gazzetta , 1881, 11, 406), and the oil 
was therefore fi-S-bromoA-metkoxyphenylethyl bromide. 

The authors wish to acknowledge a grant from the Earl of Moray 
Research Fund and a Carnegie Teaching Fellowship to one of them 
(J. B. S.) which have enabled this investigation to be carried out. 
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CCXCVHL —Investigations in the Diphenyl Series* 
Part VII . The Relative Stability of Optically 

Active Diphenic Acids . 

By Frank Bell and Percy Harry Robinson. 

The theory advanced to account for the asymmetry of certain 
diphenyl derivatives (Part Vt, this vol., p. 1695; J. Soc . Chem. 
1926, 45, 864) definitely indicates that the optical activity 
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of such compounds should gain in permanence with an increase in 
the number of groups in the central positions. Up to the present, 
it has not proved possible to prepare in an optically active con¬ 
dition a compound with only two central groups, although some 
of the alkaloidal salts of <c non-resolvable 55 acids show marked 
heterogeneity (compare Christie and Kenner, J., 1923, 123, 779; 
1926, 470). 


It is now found that 6-nitrodiphenic acid (I) is very much less 
optically stable than 4 :4': 6 : 6'-tetranitrocliphenic acid (II). • Thus 



an aqueous solution of the sodium salt of the former acid steadily 
falls in rotatory power, whilst no such change can be perceived in 
the case of the latter acid. Further, boiling acetic anhydride 
racemises 6-nitrodiphenic acid in a very short time, whilst 4:4': 6:6'- 
tetranitrodiphenic acid loses only 25% of its activity after boiling 
with acetic anhydride for 10 hours. The failure which has attended 
attempts to resolve 5-nitrodiphenic acid (III) and 2 : 2'-dinitro- 
diphenyl-4 : 4'-dicarboxylic acid could have been anticipated from 




the ee obstacle 99 theory. It may be noted that 5-nitrodiphenic 
acid readily forms an anhydride , and with sulphuric acid easily 
undergoes condensation to form a fiuorenone derivative, in marked 
contrast to 4:4' : 6'-trinitrodiphenic acid (V) which is unaffected 


NO< 


(V.) N0 2 <> -<TJ>N0 2 NO/J) -<fJ>N0 2 (VI.) 

co 2 h cu^h <x> 2 h cu^h 

by sulphuric acid at 160°. 4:4'-Dinitrodiphenic acid (YI) also does 
not undergo fiuorenone formation (Underwood and Kochmann, J. 
Amer. Chem . 8oc. } 1924, 46 , 2069). 

Although the failure to resolve fluorenone-4-carboxylic acid has 
been already reported by Mills, Palmer, and Tomkinson (J,, 1924, 
125, 2365), it appeared possible that the introduction of a nitro- 
group in position 5 might stabilise the enantiomorphous forms which 
arise if the fluorene system is non-planar. However, 5-nitro- 
fluorenone-4-carboxylic acid (IV) was not resolved by crystallisation 
of its morphine or quinidine salts, and this result can be interpretei 
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as indicating that the 4 : 5-positions of fluorene are farther apart 
than are the 6: 6'-positions in a diphenic acid. This conclusion 
agrees with the fact that, although such systems as (VII) are readily 
formed, attempts to prepare compounds of type (VIII) have 
repeatedly failed (see Meyer, Meyer, and Taeger, Ber., 1920, 53 , 
2034). 



Experimental. 

d- and Lft-Nitrodiphenic Acids. —The normal quinine salt of 
6-nitrodiphenic acid was systematically crystallised from alcohol 
until it was separated into a slightly less soluble salt, H 5461 + 
286-6° (c = 2*5 in chloroform), and a slightly more soluble salt, 
[a] 5461 — 122*4° (c = 2*5 in chloroform). The former on decom¬ 
position gave the <£-acid with + 65*2° (c = 3-01 in ethyl 

alcohol), whilst the latter gave the Z-acid with — 66*4° 

(c = 4*91 in ethyl alcohol). The Z-acid had [a] 5461 + 433° (c = 4*69 
in 0*261V-sodium hydroxide), whilst the d-acid, obtained from its 
morphine salt, had [a] 5461 — 434° (c = 4*73 in 0*426V-sodium 
hydroxide). 

The solution of the sodium salt was kept at room temperature, ■ 
and the following observations were made : 

Time (days). 0 2 9 23 36-5 51 

. —20-51° -1S-61 0 -14-42° -8-23° -4-00° -1*50° 

Solutions of d-6-nitrodiphenic acid (1 g.) in 10 c.c. of acetic acid 
and in 10 c.c. of acetic anhydride were boiled under similar con¬ 
ditions for 1 hour, and they then had + 11*55° and 0*0° 
respectively (Z = 2). After the acetic acid solution had been boiled 
for a further period of 5 hours, it had + 0*94°. 

d-6-Nitrodiphenic acid (1 g.) was converted into 5-nitrofiuorenone- 
4-carboxylie acid (see below). The acid obtained was inactive 
(c = 2*4; Z = 2). 

Z-6-Nitrodiphenic acid was dissolved in excess of thionyl chloride 
and the solution evaporated in a vacuum. The residue was crys¬ 
tallised from benzene-light petroleum and gave the Z + eZZ-acid 
dicMoride, m. p. 65—68°, [a]^^ — 209*5° (c = 5*04; l = 2), whilst 
the mother-liquor on evaporation gave a further crop of the 
; dicMori.de with [a] 5461 — 220*6° (c — 2*31; Z = 2 in chloroform). 

d- and 1 + dl-4 :4' : 6 :6' -Tetranitrodiphenic Acids. —Boiling alco¬ 
holic solutions of tetranitrodiphenic acid (35*7 g. in 1 1.) and 
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quinidine (30*5 g. in §• 1.) were mixed, and the precipitated salt 
was filtered oS and boiled with alcohol until the residue attained 
constant rotatory power [a]g 4 61 + 243*5° (c = 2*15 in 14*7iV-acetic 
acid); m. p. 252° (decomp,). The alcoholic filtrates were evapor¬ 
ated, the residue was dissolved in acetic acid, and the resultant 
solution poured into dilute hydrochloric acid. The liberated tetra- 
nitrodiphenic acid was extracted with ether, and the well-washed 
extract dried with sodium sulphate and evaporated. The residue 
(M 546 I 50°) was boiled with benzene, and the more soluble 

material was repeatedly crystallised from benzene until it attained 
constant rotatory power. Z + dZ-Tetranitrodiphenic acid formed 
needles which, after being heated at 130° for | hour, melted at 
224—226° and had [a ] 5461 — 138*5° (c = 1*7 in ethyl alcohol). The 
less soluble quinidine salt was decomposed {a) by dissolving it in 
acetic acid and pouring the solution into dilute hydrochloric acid, 
(b) by dissolving in pyridine and pouring the solution into* dilute 
ammonia, (c) by grinding with concentrated hydrochloric acid. 
The acids, recovered as described above and dried at 140°, had 
almost the same rotatory power, showing that racemisation does 
not occur during the recovery process. 

dA : A : 6 : 6 '-Tetranitrodiphenic acid, m. p. 226—227° (Found : 
equiv., 211 . Calc. : 211 ) (0*3696 g. in 20 c.c. of ethyl alcohol in 
a 2 dm. tube) gave : 


A . 4359 4602 5461 5790 6708 

a . 4-16*70° -f 11-64° +5*26° +4*12° 4-2*58° 

whence [a] 5481 -f 142*3°. 

0*4209 G. in 20 c.c, of 1*033^/10-1^011 in a 2 dm. tube gave : 

A . 4359 4602 5106 5218 5461 

a . -f29—31° 4-19*6—20*0° 4-10*84° 4-9*72° +8*00° 

A . 5790 5896 6104 6708 

a . 4-6*33° +5*86° 4-5*08° ' 4-3*78° 

whence [a] 6401 4- 190*5°. 


After 39 days, this solution had a 5461 4- 8*08°. 

A solution of eZ-tetranitrodiphenic acid in acetic anhydride (1 g. 
in 10 c.c.), with a 5463L 4 - 23*15°, had after 2 hours’ boiling a 5461 + 
18*14°, and after 9 hours’ boiling 4 - 17*12°. 

Z-Tetranitrodiphenic acid was dissolved in thionyl chloride by 
boiling for 2 hours under reflux, and the solution was evaporated 
in a vacuum. The residue was difficultly soluble and melted 
indefinitely. Though no product was isolated in a pure condition, 
the optical activity was preserved, since [a ] 5461 — 133° (c = 2 in 
pyridine). 

5-Nitrodiphenic acid was prepared by the process described by 
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Schmidt and Lumpp ( Ber 1908, 41, 4315). After 1 hour’s boiling 
with acetic anhydride, the solution on cooling deposited crystals 
of 5-nitrodiphenic anhydride , m. p. 193—195° (Found: C, 62*4; 
H, 2*9. C 14 H 7 0 5 N requires C, 62*4; H, 2*6%). 5-Nitrodiphenic 
acid (1*5 g.) in sulphuric acid (5 c.c.) was heated at 160° for J hour, 
and after coo ling poured into water. The precipitated 6( \)-nitro- 
fluorenoneA-carboxylic acid melted at 282° after crystallisation from 
acetic acid (Found: equiv., 270*5. C 14 H 7 0 5 N requires equiv., 269). 
5-Nitrodiphenic acid gave non-crystallisable quinine, morphine, and 
quinidine salts. The brucine salt on crystallisation from water 
gave successive crops with [oc]^^ — 10*4°, — 10*9°, — 11:2°, —11-1° 
(c = 2*5; Z = 2 in 14-7A 7 -acetic acid), indicating that no resolution 
had taken place. 

5-Nitrofiuorenone-4-carboxylic acid was prepared by the method 
of Moore and Huntress (J. Amer. Chem. Soc., 1927, 49, 1324). 
The quinidine salt showed slight irregularity in rotatory power 
(W 5461 m ' ~~ 20*6°; c = 2*5 in chloroform) but no resolution was 
effected. The morphine salt was crystallised from alcohol and 
showed a constant rotatory power of [a] 5461 — 73*5° (c = 2 in 
14*7AT-acetic acid). 

2 : 5 : 7( ^-TriniirofluorenoneA-carboxylic acid , obtained by heat¬ 
ing 5-nitrofluorenone-4-carboxylic acid (2*5 g.) with nitric acid 
(d 1*5; 50 c.c.) at 100° for 2 hours, pouring into water, and 
crystallising the resulting mass from aqueous alcohol, forms glisten¬ 
ing, pale yellow plates, m. p. 254—255° (Found : C, 46*5; H, 1*7. 
C^HgOgNg requires C, 46*8; H, 1*4%). 

2 : 2'-Dinitrodiphenyl-4 : 4'-dicarboxylic acid was prepared from 
4-bromo-3-nitrobenzoic acid. Its excessive insolubility militated 
against the production of uniform normal alkaloidal salts. The 
brucine salt on crystallisation from water varied in rotatory power 
between — 40° and [ajg^ — 56° (c = 2 in pyridine), but 

the liberated acid was inactive when observed in T033iV/10-sodium 
hydroxide. 

Quinine salts of 4:-nitrodiphenic acid. Am alcoholic solution of 
quinine (2 mols.) and 4-nitrodiphenic acid (1 mol.) was allowed to 
crystallise slowly. Successive crops had [a] 5461 + 94*4°, + 84*0°, 
+ 77*2° (c = 2*5 in chloroform), and the mother-liquor on evapor¬ 
ation and desiccation gave a solid with [a] 5461 + 11*9°. Recrys¬ 
tallisation of the intermediate crops raised the rotatory power to 
Wmsi + 106*4°; m. p. 180° (indefinite) (Found: C, 66*3; H, 
5*6%). The liberated 4-nitrodiphenic acid was inactive in every 
case. The difference in rotatory power may be attributed to : 
(&) resolution of the alkaloidal salt; (b) admixture of acid and 
normal q uinin e salts and quinine; (c) differences in the number of 
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molecules of solvent of crystallisation—none of the salts lost more 
than 0*5% by weight on drying for 1 hour at 120°, however; or 
(d) possible presence of 6-nitro- and 4:4'-dinitro-diphenic acids as 
impurities. 

In conclusion, the authors wish to express their thanks to the 
Department of Scientific and Industrial Research for a grant made 
to one of them. 

Battebsea Polytechnic, S.W. 11. [ Received , July 6 th , 1927.] 


CCXCIX .—The Relative Directive Powers of Groups of 
the Forms RO and RR'N in Aromatic Substitution* 
Part VI* The Nitration of m- and p-Chlorobenzyl 
Ethers of Guaiacol. 

By Albert Edward Oxford and Robert Robinson. 

In studying the relative directive powers of substituted benzyloxy- 
groups, we examine, in effect, the influence of the modified benzyl 
group on the electrons of the oxygen atom, and an important 
feature of the method is that the reactive centres are spatially 
removed from the benzyl group. The annexed diagram serves to 
illustrate this point, and just as Elurscheim secured a more just 
comparison of groups by excluding for certain purposes the ortho¬ 
derivatives, so we imagine that the device of relaying the effects 
of a group and estimating them at a distant point in the molecule 
constitutes a further step in the same direction. 



In the case. represented, X and also X*C 6 H 4 are hypothetical 
kations that have a smaller electron affinity than a proton: this 
produces an electron displacement (d) in the sense indicated and 
relative to the mean positions of electrons in the corresponding 
position in the methoxy-group. The contiguous oxygen atom 
and the associated crotenoid system are thus stimulated, and the 
velocity of substitution at (B) is greater than that at (A). Groups 
are compared by putting them separately into competition with 
methoxyl, and in Part II (J., 1926, 383) it was shown in this way 
that the directive powers of the m-nitrobenzyloxy- and p-nitro- 
benzyloxy-groups are approximately equal (67; MeO = 100). 
Similarly, the directive power of the m-methoxybenzyloxy-group 
was found to be 92, indicating that in the absence of conjugatiye 
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disturbances, admittedly never completely eliminated in the formal 
systems, the methoxyl group must be regarded as one that has a 
greater electron affinity than hydrogen (I; resultant effect g>c 
at A). Unfortunately, the directive power of the #-methoxy- 
benzyloxy-group could not be determined ,* we had anticipated 
a considerably augmented value (>113, the directive power of the 
benzyioxy-group) as the result of the combined conjugative and 
general effect shown in (II) {c>g at A). 



MeO—<—\ to 
&) 


_/( 9 ) 


-CHo-4o 


< 9 ) 


(II.) 


The chlorine atom has a greater electron affinity than the methoxyl 
group, implying an increased general effect and a decreased con¬ 
jugative effect, and the theoretical disparity between the directive 
powers of m- and ^-chlorobenzyloxy-groups is thus smaller than 
that which should exist between the directive powers of the m- 
and p-methoxybenzyloxy-groups. Actually, we find that w-chloro- 
benzyloxy- has the directive power,69, and p-chlorobenzyloxy- 82. 
In both cases, therefore, the general effect of chlorine is paramount, 
but the higher value for the para-derivative is in harmony with 
our theoretical anticipations, and is probably due to crotenoid 
conjugation analogous to that symbolised in (II). The close 
approach of the directive power of m-chlorobenzyloxy- to that of 
m-nitrobenzyloxy-, showing that the electron affinity of chlorine 
is almost as strong as that of the nitro-group, need not occasion 
surprise, since the charges in the semi-polar double bonds, often 
assumed to be integral, are not really effective as such on account 
of the distortion and polarisation of the atoms that must enfeeble 
their external fields. It is probable that the difference between 
Cl and N0 2 lies not so much in their respective electron affinities 
as in the circumstance that Cl possesses free electrons, whereas the 
N of N0 2 does not. Therefore in C—Cl there may be occasional 
phases, non-existent in the case of CHN0 2 , in which the co-valency 
with the carbon atom is increased, or alternatively, in which the 
electron density in the neighbourhood of the carbon atom is in¬ 
creased by the chlorine atom to such an extent that a co-valency 
: change would occur if an electron-seat were available. The C~C1 
group is thus the more plastic, and the electric intensity of the 
external fields varies over a greater range. This condition would 
be sufficient to account for such facts as the predominating op- 
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substitution of Ph*CH 2 *Cl as compared with the mp-substitution 
of Ph*CH 2 *N0 2 , even although the average electron affinities of Cl 
and N0 2 were approximately equal. The method of examination 
through a relay atom overcomes this difficulty to a large extent, 
because the phases at the C“C1 group that favour the reaction 
examined cannot be effective unless they happen to synchronise 

rv 

with a phase of the relay atom (0—C in the cases considered in 
this communication) also promoting reaction. It is obvious that 
this requirement must augment the relative importance of the 
normal conditions and diminish the magnitude of effects of the 
vO 

infrequent phases, C—Cl and —Cl. 

Experimental. 

Shoesmith and Slater (J., 1926, 219) obtained m-chlorobenzyl 
bromide, b. p. 109°/10 mm., from m-nitrobenzaldehyde through 
m-chlorobenzaldehyde and m-chlorobenzyl alcohol, which was 
treated with hydrogen bromide in benzene solution. We have 
employed two methods : (A) Aceto-^-toluidide—^3-chloro-#-tolu- 
idine (Chattaway and Orton, J., 1900, 77, 792)—>■ 2-chloro-4- 
methylphenylhydrazine —>- m-ehlorotoluene —>■ m-chlorobenzyl 
bromide (by refluxing with the theoretical amount of bromine). 
(15) m-Nitrobenzyl alcohol—>-m-aminobenzyl alcohol (Lutter, Ber., 
1897, 30 , 1065)—^m-chlorobenzyl alcohol (in excellent yield )—> 
m-chlorobenzyl bromide (by means of bromine and red phosphorus, 
compare Part II, loc. cit.). Both processes yielded an oil, b. p. 
120—123°/24—25 mm., and the specimens were identified by 
conversion into 5-nitro-2-m-chlorobenzyloxyanisole, m. p. 121°. 
A mixture of the two specimens melted at the same temperature. 

p-Chlorobenzyl bromide was obtained by the bromination of 
23-chlorotoluene (44 g.) (Jackson and Field, Ber ., 1878, 11, 905), 
After crystallisation from 85% alcohol, 15 g. of nearly colourless 
needles, m. p. 50°, were obtained (Shoesmith and Slater, loc . cit., 
give m. p. 51°). The following guaiacol and nitroguaiacol ethers 
were prepared by methods closely resembling those employed 
previously (Part II, loc. cit.) for the corresponding m- and p-n itro- 
benzyloxy-derivatives. The crude products never melted more 
than 1° lower than the true m. p., but were recrystallised two or 
three times, a process which did not alter the m. p.’s. 

2-m-CMorobenzyloxyanisole , Me0*C 6 H 4 *0*CH2*C 6 H 4 Cl, b. p. 207— 
208°/15 mm., crystallised from light petroleum in slender needles, 
m. p. 46—47° (Found: C, 67*2; H, 5*4. C 14 H 13 0 2 C1 requires 
C, 67*6; H, 5*3%). It is readily soluble in most organic solvents, 
4c-Nitro-2-m-cJforobenzyloocyanisole, Me0*C 6 H 3 (N0 2 ) , 0*CH 2 *G 6 H4Cl» 
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crystallises from alcohol in minute, slender, colourless needles, m. p. 
129—130-5° (Found: Cl, 12-3. C 14 H 12 0 4 NC1 requires Cl, 12-1%). 

5-Nitro-2-m-chlorobenzijloxyanisole crystallises from alcohol in 
colourless, feathery needles, m. p. 121° (Found : C, 57-0; H, 4-4. 
C 14 H 12 0 4 NC1 requires C, 57-2; H, 4-1%). 

2^-GMorobenzyloxyanisole crystallises from methyl alcohol in 
colourless, rectangular prisms, and from light petroleum in large, 
very well-defined prisms, m. p. 70° (Found : Cl, 14-3. C 14 H 13 0 2 C1 
requires Cl, 14-3%). A description of these (Fig. 1) is contributed 
by Mr. H. E. Buckley, of the Crystallography Department of this 
University. 


Fra. 1. Fig. 2 . 



Symmetry: rhombic. Axial ratios : a : b : c = 0-7054 : 1:0-7013. 
Forms developed: 6(010, tabular), c(001), m(U0); (011) is very 
rare. Mean angular values: Oil—001, 35° 3' (6 angles; limits, 
35° O'—35° 12'); 010—110, 54° 48' (24 angles; limits, 54° 35'— 
55° 1'). Cleavage : imperfect, parallel to 100. 

4z-JSfitro-2-^hlorobenzybxyanisole crystallises from alcohol in 
colourless, lustrous, feathery needles, m. p. 115—117° (Found: 
Q, 11*8%). 

5-Nitro-2-])-cMorobenzyloxya?iisole crystallises from alcohol in 
colourless, flat needles, m. p. 120—120-5° (Found: Cl, 12*0%). 
Mr. Buckley has kindly examined the crystals (Fig. 2) deposited 
on slow evaporation of a solution in light petroleum. 

System : monoelinic prismatic. Axial ratios : a : b : c = 
2*699 : X : 1*708. p = 74° 40'. Habit: somewhat tabular on 
: a(100). Forms generally developed : a(100), m(110), sr(T01), c(001), 
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and ^>(111). Mean angular values (calculated values in parentheses): 
ac 74° 40', am 68° 59', m 69° 5', me 84° 37' (84° 33'), mr 36° 15' 
(36° 15'), m (110) m' (110) 42° 3' (42° 3'), pc 56° 12' (56° 1'). 

Mixtures of 4- and 5-Nitro-2-m-cMorobenzyloxyanisoles. —The 
following freezing points were observed, the first number of each 
pair indicating the % of the 5-nitro-isomeride in the mixture: 
15-36, 123-7° (1); 22*62, 119-85° (2); 30*42, 115-05° (3); 38-09, 
110-0° (4); 43-12, 106-0° (5); 46-34, 103-65° (6). 

Nitration of 2-m-Chbrobenzybxyanisole. —The conditions given 
for the nitration of 2-p-nitrobenzyloxyanisole (Part II, loo. cit ., 
p. 389) were followed exactly. 1*7214 G. of the ether gave 2-0119 g. 
of the dried nitration product (yield, 99*0%), which was almost 
colourless and melted to a transparent liquid only slightly darker 
than that formed on fusion of the pure nitro-ethers. The filtrate 
and washings from the nitration were colourless and gave no color¬ 
ation on the addition of sodium hydroxide. Since this product 
was found to behave as a binary mixture, it w r as not considered 
necessary to purify it by washing with methyl alcohol or in any 
other way. The f. p. of the nitration product was 107-55°, and 
from the graph we find: 5-nitro-isomeride, 41-1% [the Lagrange 
interpolation formula gave 41-3%, from points (2) to (5) inclusive]. 
A mixture of the nitration product (1-3779 g.) and the 4-nitro- 
isomeride (0-4796 g.) had f. p. 115-1°, practically coinciding with 
point (3) (30-42% of the 5-nitro-isomeride) and showing 40*9% 
of the 5-nitro-isomeride in the nitration product. A mixture of 
the nitration product (1-3779 g.) and the 4-nitro-isomeride (0*7884 g.) 
froze at 117*9° (5-nitro-isomeride, 25-95% from the graph), giving 
40-8% of the 5-nitro-isomeride in the nitration product. A mixture 
of the 5-nitro-isomeride (0-6151 g., 41%) and of the 4-nitro-isomeride 
(0-8865 g.) froze at 107*8°, whilst the addition of 4-nitro-isomeride 
(0*5494 g.), reducing the 5-nitro-isomeride to 30-0%, raised the 
f, p. to 115-4°. These observations confirm those used in con¬ 
structing the graph, and it appears that the nitration product 
contains 41% of the 5-nitro-isomeride. Hence the directive power 
of the m-chlorobenzyloxy-group is 69-5 (MeO = 100). 

Mixtures of 4- and o-Nitro-2-p-chlorobenzyloxyanisoles .—The 
following freezing points were observed, the first number of each pair 
indicating the % of the 5-nitro-isomeride in the mixture : 0, 116-3° 
(1); 9-8, 111*25° (2); 20-48, 106-0° (3); 32-26, 99-25° (4); 36-73, 
95-6° (5); 44-86, 89-55° (6); 49-82, 84-8° (7). In (7) the first f. p. 
was 84-8°; the temperature then fell to 84-6°, and gradually rose 
to 86-05°, at which it remained constant for several minutes. This 
behaviour indicates the formation of an equimoleeular compound 
of the components. , * -t'tiyf 
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Nitration of 2-^-Chlorobenzyloxyanisole. —Except for the numerical 
details, the remarks made above on the w-isomeride are applicable 
to this case in every respect, (a) 1*9816 G. gave 2*3169 g. of the 
dried nitration product (yield, 99*0%) (Found: C, 57*1; H, 4*1. 
Calc, for C 14 H 12 0 4 NC1: C, 57*2; H, 4*1%). (b) 1*2848 G. gave 
1*4942 g. (yield, 98*5%). Nitration product (a) froze at 89-15°, 
(i b ) at 89-0°, and the f. p. 89*1° corresponds on the graph to 45*4% 
of the 5-nitro-isomeride. Mixtures of the nitration product (1*4424 
g.) with the 4-nitro-isomeride (0*3487 g. and 0*6065 g.) had f. p.’s 
96-0° and 99*55°, respectively. Both these values are very close 
to determined points (5 and 4 respectively) : the first corresponds 
to 36*24% of the 5-nitro-isomeride, giving 45*0% of this in the 
nitration product, and the second to 31*74% of the 5-nitro-isomeride, 
giving 44*8% in the nitration product. The f. p. of a mixture of 
the 5-nitro-isomeride (0*7226 g., 44*85%) and the 4-nitro-isomeride 
(0*8884 g.) was 89*2°. Hence the nitration product contains 45% 
of the 5-nitro-isomeride, and the directive power of the p-chloro- 
benzyloxy-group is 82 (MeO = 100). 

The Univebsity, Manchester. [Received, July 20th, 1927.] 


CCC .—The Thermal Dissociation of Carbonyl Chloride . 

By Horace Inglesoh, 

The object of the present work was to obtain satisfactory values 
for the dissociation constant of a chemical change. As carbonyl 
chloride dissociates at temperatures sufficiently low to admit of 
accurate determinations being made, it was decided to study this 
particular change. Reference to the literature showed serious 
differences in the results of investigators prior to 1921; these 
results are summarised in Table I. At the lower temperatures, 
the values are in bad agreement. Thus, an approximate calculation 
shows that the value at 341° obtained by extrapolation from 
Horak’s data (Diss., Berlin, 1909) would be of the order of 4000, 
and not 8280 as calculated from the results of Atkinson, Heycock, 
and Pope (J., 1920,117, 1410). At the higher temperatures, there 
is a similar lack of agreement among different workers : in nearly 
every case the results of Atkinson, Heycock, and Pope correspond 
to a smaller degree of dissociation than that found by other workers. 

Bodenstein and Dunant {Z. phydkal. Chem 1908, 61, 437) used 
the streaming method in their experiments, and determined the 
equilibrium both from the thermal combination of carbon monoxide 
and chlorine and from the dissociation of carbonyl chloride. They 
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concluded that their results confirmed the theory of Nernst as well 
as could be expected in the absence of values for the specific heat 
of carbonyl chloride: Horak (loc. cit.) used a quartz spiral mano¬ 
meter in order to measure the pressure developed in a heated 
porcelain tube filled with the gas, whereas Atkinson, Heycock, and 
Pope (loc. cit.) applied the streaming method to measure the extent 
of the thermal dissociation of the gas in the presence of a catalyst 
at temperatures between 101° and 517°. 

During the progress of the present work, Christiansen (Z. physikal. 
Chem ., 1922, 103, 99) published the results of an investigation of 
the factors affecting the velocity of decomposition of the gas at 
different temperatures. He concluded that the decomposition was 
accelerated by the chlorine produced, but his work gives very little 
information concerning the dissociation constants. 

In 1924, Bodenstein and Plaut ( Z . physikal. Chem., 110, 399) 
described experiments made at temperatures between 373° and 
451°, and their results are included in Table I. They were able to 
confirm the observation of Christiansen that the chlorine accelerates 
the decomposition. 

Table I. 


Data at present available. 


Temp. 

K c . 

Author.* 

Temp. 

K c . 

Author.* 

Temp. 

K c . 

Author.* 

603° 

15*0 

B.D. 

460° 

298*7 

A.H.P. 

404° 

1123-0 

H. 

553 

38*0 

B.D. 

451*3 

264*8 

B.P. 

400 

954*6 

A.H.P. 

506 

612*5 

A.H.P. 

450 

343*9 

H. 

399 

1365*0 

H. 

505 

379*0 

A.H.P. 

449 

425*0 

A.H.P. 

394*6 

1230*0 

B.P. 

505 

105*4 

A.H.P. 

444*1 

348*2 

I. 

389 

1409*0 

I. 

503 

78*2 

B.D. 

443 

419*1 

A.H.P. 

384 

2054*0 

H. 

500 

137*5 

H. 

425 

630*7 

H. 

373*3 

1884*0 

B.P. 

486 

209*5 

A.H.P. 

415 

717*9 

I. 

357 

3654*0 

I. 

481-4 

151*6 

I. 

413*6 

719*5 

B.P. 

341 

8281*0 

A.H.P. 

475 

223*9 

H. 

406 1414*0 

A.H.P. 





* B.D. Bodenstein and Dunant. A.H.P. Atkinson, Heycock, and Pope. 
B.P. Bodenstein and Plaut. I. Ingleson (present paper). H. Horak. 


Preliminary Experiments at the Boiling Point of Sulphur . 

1. Chemical Series. —Prom a consideration of the difficulties 
inherent in the streaming method, it seemed likely that some 
modification of the static method would be more suitable for carry¬ 
ing out the experiments. In the first series of eight experiments, 
which gave a mean value of K c = 354, a known weight of carbonyl 
chloride was heated in a closed, thin-walled bulb of glass by sus¬ 
pending it in the vapour of sulphur boiling under atmospheric pres¬ 
sure. At the end of 8 hours, the bulb was quickly removed from the 
heating bath into a rapid current of carbon dioxide; it was shielded 
from the light, and the chlorine was determined iodometrically. 
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This series of experiments and later series in which a similar 
method was used have been called 44 chemical.” It was decided to 
control these results by a second set of experiments at the same 
temperature, based on methods which may be termed <£ physical.” 

2. Physical Series. —In this series, a glass bulb, filled with a 
known amount of carbonyl chloride, was heated as before, but the 
pressure corresponding to equilibrium was measured in a manometer 
containing mercury after the interposition of an {C air buffer.” 
This series gave the value E c = 364 as the mean of eight experi¬ 
ments, Since the agreement of the results of the two series at the 
boiling point of sulphur was satisfactory, the methods were applied 
at the boiling point of mercury. 

Preliminary Experiments at the Boiling Point of Mercury , 

1. Physical Series. —The experiments were carried out in the 
manner just described except that a small amount of charcoal was 
used to accelerate the rate of attainment of equilibrium. The 
mean of four concordant results was K c = 3007. 

2. Chemical Series .—On account of the small extent of decom¬ 
position, the chlorine determinations were checked by making 
careful measurements of the amount of carbon monoxide formed. 
It was found that the percentage decomposition calculated from 
the determination of the chlorine was smaller in every instance 
than that derived from the carbon monoxide measurements; e.g. 9 
in one experiment the carbon monoxide measurements indicated 
9*1% decomposition (corresponding to K c = 3249), whilst 7-8% 
decomposition {K c = 4429) was calculated from the chlorine deter¬ 
minations. The means of the values from the chlorine and carbon 
monoxide determinations were, respectively, K c — 4350 and K c = 
3181. It will be seen that the value obtained in the physical 
experiments, K c = 3007, agrees better with the latter than with 
the former. As it was clear that the chemical method could not 
be used with advantage, the physical method was modified so that 
continuous observation of the pressure of the decomposing gas 
could be made. By this means, it was found possible to establish 
the cause of the discrepancy between the two sets of results. 

3. Second Physical Series. —The apparatus used consisted of a 
reaction vessel of glass which was joined to a U-tube containing 
concentrated sulphuric acid. By suitable manipulation of a tap, 
the U-tube could be made to serve as a manometer which protected 
the mercury in a second manometer from attack by the chlorine 
produced in the decomposition. The reaction vessel was filled with 
carbonyl chloride at room temperature to a convenient pressure, 
and after the heating of the vapour-bath had commenced, the 
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levels of the acid in the U-tube were maintained nearly constant 
by gradually increasing the pressure of the air in one limb of the 
tube. Headings of the pressure of the gases in the bulb were made 
at regular intervals after the temperature of the bath became 
constant. It was expected that the pressure would gradually 
increase to a constant value, the rate of increase slowly falling to 
zero. It was found, however, that the rate of increase of pressure 
did not fall to zero, but only decreased to a small constant value 
even after prolonged heating had taken place. This suggested 
that the observed rate of change was not determined simply by the 
dissociation of carbonyl chloride. On removing the bulb from the 
heating bath, a marked etching of the inner surface was noticed. 
The white solid which gave the etched appearance showed the 
reactions of a chloride. 

The results of the eight experiments comprising this series gave 
an average value of K c = 3031, which is in good accord with the 
results from the chemical determinations of the carbon monoxide 
{K c = 3181) and from the first physical series (K c — 3007). These 
three results lend support to the following explanation of the non¬ 
equivalence of the chlorine and carbon monoxide in the chemical 
series. During the prolonged heating, the materials of the bulb 
were attacked by the chlorine present and evolution of gas took 
place. The removal of the chlorine caused a disturbance of the 
equilibrium and further dissociation of carbonyl chloride took place 
to re-establish it. Thus, analysis by the chemical method gives a 
quantity of free chlorine which is too small, whilst the amount of 
gas determined as carbon monoxide is too large. From this it 
may be concluded that trustworthy results cannot be obtained in 
experiments in which the gases are heated for long periods in glass 
bulbs. A bulb of transparent fused quartz was therefore employed 
in the later experiments. 

Later Experiments. 

The results obtained in the five series of experiments made at 
357°, 389°, 415°, 444*1°, and 481*4° have been summarised in 
Table I. Experiments were first made in vapour baths at 357° 
and 444*1°; subsequent experiments were precisely similar except 
that they were carried out in an electric furnace. Those at 389° 
and 415° were chosen so as to give nearly equal intervals, and 
when the results at these four temperatures were plotted it was 
found that a straight line passing through the points corresponding 
with 357°, 415°, and 444*1° did not pass exactly through that 
corresponding with 389°. Further experiments were made at 481*4°, 
which clearly showed that a straight-line relationship exists between 

• ■ .• ®i8 
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the reciprocals of the temperature and the logarithms of the 
constants. 

Experimental. 

The phosgene used throughout was obtained from Kahlbaum in 
sealed glass bombs. The apparatus is shown in Eig. 1. The quartz 
bulb, A, had a capacity of about 175 c.c. and was placed inside the 
heavy copper tube, C. It was joined to the rest of the apparatus 
through the ground joint, B. This was specially made in order to 
contain the smallest possible volume (see Fig. 1a), and was lubricated 
with a thin layer of chlorinated lanoline from which all traces of 
volatile substances had been removed. The whole was sealed by 
immersion in mercury, and the two sections of the joint were 
securely held together. The copper tube was about 65 cm. in 
length and 5-4 cm. in diameter, and had a wall thickness of 9 mm. 
Thick copper plates were fixed to the ends of the tube after the 
bulbs A and D had been placed in position. The tube was evenly 
wound with heavy gauge nickel-chrome wire, the winding being 
carried as near to the ends of the tube as possible. The tube F 
extended beyond the ends of the copper tube for a length of about 
8 cm. It reduced the loss of heat from the ends of the copper 
tube and also kept this tube in an enclosure at a fairly uniform 
temperature. The tubes were carefully packed in kieselguhr in an 
iron box. The bulb D was of glass and had a capacity of about 
500 c.c. The manometer M x carried an evacuated bulb, E, and 
had a stout platinum wire fused in at G (see Fig. 1b). The T-piece, 
I, served only in the drying and filling of the bulb, D. The portion 
of the apparatus just described is called the air-regulator. It 
served as an air thermometer and also controlled the current sup¬ 
plied to the furnace. The windings round the iron and copper 
tubes were in parallel and the circuits were so arranged that when 
that round the copper tube was broken by the operation of the 
air-regulator, about 2% of the total current was cut off. Fluc¬ 
tuations in the total current caused by changes in the voltage at 
the laboratory mains were compensated for by the adjustment of 
a rheostat by hand. This regulation of the current was carried out 
continuously during the whole time required for an experiment. 
Observations showed that it was easy to maintain the temperature 
constant to ± 0-25° when the temperature of the laboratory was 
kept fairly constant. The pressure of the carbonyl chloride at 
room temperature is shown in Tables II and III under the heading 
2h* After tlie pressure of the air in the large bottle, S, had been 
adjusted to be nearly equal to p v the tap, T 4 , was closed. The 
bottle was kept in a well-regulated thermostat. The quartz bulb 
and all the connecting tubes were repeatedly evacuated and washed 
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out with the gas before being filled. Air-free, concentrated sulphuric 
acid was allowed to close the seal, L, and enter 0 to a convenient 
height. The pressure of the gas in the quartz bulb was measured 
on the vacuum-type manometer, Mg. The heights of the mercury 
in the manometers were read to 0*1 mm. with the aid of a catheto- 
meter. The temperature of the gas was read on a mercury 
thermometer, T, graduated to 0*1°, which had been checked at 
the melting point of ice and at the transition point of the system 
Na 2 CrO 43 10H 2 O-Na 2 CrO 43 6H 2 O-H 2 O. After the pressure and tem¬ 
perature of the air in the bulb D had been measured, a nitrogen-filled 


Fig. 1. 



thermometer was put in position, the tap T 4 was opened and the heat¬ 
ing current passed through the furnace. Well-dried air was admitted 
into S to keep the levels of the acid in the seal nearly stationary 
and thus compensate for the gradual increase in pressure of the 
gases in the quartz bulb. During the heating, approximate measure¬ 
ments were made of the pressures of the gases in the bulbs. It 
was observed that up to about 350° the pressures increased roughly 
in proportion to their initial values. Then the gases in the quartz 
bulb began to exert a proportionate^ greater pressure than did the 
air in the bulb D. This effect became more and more marked, and 
the rate of decomposition as deduced from pressure measurements 
passed through a maximum value after the highest temperature 
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had been reached. This behaviour is in accord with the observations 
of Christiansen (loc. cit.). When the pressure of the decomposing 
gas ceased to increase, the experiment was discpntinued. Heating 
of the bulb was in all cases continued for 12—24 hours after 
chemical equilibrium appeared to have been reached. The pres¬ 
sures corresponding to equilibrium are given in Tables II and III 
in columns headed p 2 . 

In order to provide a check upon the high temperatures employed, 
air was frequently substituted for carbonyl chloride in the bulb A. 
Measurements of the quantity pv/T for the quartz bulb and the 
tubing connected to it were made. The value of T at the high 
temperature was deduced from measurements of the pressures in 
the air-regulator. As an example of the values found at the low 
and high temperatures, a determination at 389° is given: pv/T at 
19*2° = 157*7; pv/T at 389° = 157-5. 

In determining the true value of the concentrations of the gases 
composing the equilibrium mixture, several corrections were intro¬ 
duced. A small amount of carbonyl chloride in the tubing between 
the furnace and the meniscus of the acid in the seal was exposed 
either to bright daylight or to an electric lamp, and thus was not 
at the temperature of the furnace when the final pressure measure¬ 
ments were made. It is evident that if the equilibrium mixture of 
gases in the hot bulb could be separated from the gas in the cold 
tubing and then allowed to regain its original composition and tem¬ 
perature of filling, it would not exert a pressure p x , but a smaller 
pressure. 

The separate series of experiments which gave the mean values 
shown in Table I are discussed below. 

Table II. 


Results obtained at the boiling point of mercury. 


No. 

■Pi [mm,). 

Temp. 

Pz (mm.). 

% Dec. 

K e (corr.). 

B. p. (°K. 

19 

304-57 

16*8° 

737*66 

12*32 

3470 

629*2° 

20 

292*78 

14*7 

712*8 

12*92 

3778 

629-5 

21 

305*46 

15*2 

741*3 

11*47 

3813 

630*1 

22 

301*44 

15*3 

732*46 

11*89 

3766 

630*9 

23 

291*25 

14*3 

714*0 

12*24 

3633 

630*5 

24 

299*59 

20*6 

717*9 

12*22 

3608 

629-6 

25 

304*77 

20*6 

730*25 

12*30 

3512 

630*25 





Mean 3654 



Table II gives the results of experiments made at the boiling 
point of mercury; the alteration of the boiling point with the 
change n the atmospheric pressure was taken into account. (Data 
for this correction, and also for that of the series at the b. p. of 
sulphur, are taken from the Chemiker Ealender, 1922, Vol. 2, pp. 
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129, 130.) The temperature at which each experiment was made 
is shown in the last column of the table. 

It is considered that the results are more trustworthy than any 
hitherto obtained at 357°. The values of the constant are calculated 
directly from the percentage decomposition (% Dec.) after the use 
of the corrections referred to above. 


Table III. 


No. 

Pi (mm.). 

(a) 

Temp. p 2 (mm.). 

Results obtained at 388—389° 

% Dec. 

K c (corr.). 

1 

271*27 

14*9° 

748*36 

20*55 

1248 

2 

259*5 

11*6 

722*80 

20*36 

1319 

3 

276*34 

21*4 

747*77 

20*46 

1118 

4 

268*89 

20*4 

729*30 

20*63 

1273 

5 

248*23 

21*7 

667*27 

20*34 

1432 

7 

259*87 

21*1 

703*10 

20*56 

1352 

8 

250*76 

19*3 

680*22 

20*22 

1423 

9 

246*06 

23*05 662*32 

(6) Results obtained at 415°. 

20*79 

1373 

I 

244*80 

14*5° 

743*10 

27*27 

720*0 

2 

231*15 

12*6 

708*38 

27*84 

722*1 

3 

232*20 

12*7 

710*62 

27*71 

726*3 

4 

232*30 

12*5 

712*90 

27*99 

707*1 

5 

231*61 

10*5 

714*65 

27*86 

714*0 
Mean 717*9 


(c) Results at the b. p. of 

sulphur (average temp.. 

444*1°). 

1 

206*80 

23*6° 

692*15 

39*14 

357*9 

2 

196*43 

18*4 

672*03 

40*21 

345*2 

3 

203*43 

19*3 

691*22 

39*57 

349*6 

4 

204*22 

21*0 

687*14 

39*48 

353*1 

5 

203*50 

16*8 

697*08 

39*71 

343*7 

6 

204*28 

16*0 

706*71 

41*38 

307*5 

7 

204*20 

16*9 

698*01 

39*26 

353*0 

8 

210*56 

15*7 

721*04 

39*56 

335*1 
Mean 348*2 


(d ) Results at 480*3°, 

481*2°, and 482*5' 

°, respectively. 

1 

203*25 

21*1° 

788*41 

52*31 

158*2 

2 

184*78 

20*2 

729*75 

54*40 

153*5 

3 

187*00 

17*35 

751*93 

55*22 

143*2 
Mean 151*6 


Of the experiments in Table Ilia, Nos. 1—4 were made at 388° 
and the others at 389°. The mean from Expts. 5—9 is K c = 1395, 
or, excluding No. 7, K c = 1409. It was found that a trace of 
sulphuric acid had entered the quartz bulb in Expts. 1—4; the 
effect of this would be to give too large a final reading of the 
pressure and thus too small a value for K c . Furthermore, since 
the value K c = 1409, from Expts. 5, 8, and 9, approximates more 
closely to the smoothed curve representing the results at other 
temperatures (see p. 2252), this value is regarded as the more trust- 
worthy and is quoted in Table I. * ,; 
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A comparison of the results given in Table IIIc (which all relate 
to temperatures between 443-7° and 444-8°) with the values obtained 
m the preliminary experiments at the boiling point of sulphur 

vthS a VCTy Satlsfactory a § reement between the three sets of 

_,5 *j ie ^fP* 1 s ^ own in Fi S- 2 the values of log Z c /100 have been 

SSes^thf p he reci P rocals of the corresponding absolute tem- 
P atures, the Centigrade temperatures being shown along the 



Reciprocals of absolute temperature. 


published. When plotted o^ * i Satl8 l actory va lues hitherto 
account of 0-0025 in the logarithms Iar S e to take 

of the temperatures, the points onrr ° reciprocals 

481-4°, 4441°, 415-0° axS >1 357 ° to the temperatures 
The value of Z c at 389° interoolatedfrornTb- 7 !- 011 * Straight line - 
the experimentally determinS value S l 4 o? 18 U29 > wherea ® 

There is little doubt that the curves of tt ’ *f - ’ a ^? u t smaller, 
and Plaut point to a value of +1 ia ®orak aj id of Bodenstein 
value of the constant at 357° which is too 
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large. It is considered that the author’s graph reproduces the 
values of the constant over a range of 120° with considerable 
accuracy. 

Heat of Reaction . 

Thomsen (“ Thermochemische Untersuchungen,” Vol. II, p. 359), 
in repeating the work of Berthelot on the heat of the reaction 
CO + Cl a — COCl 2 , measured both (1) the heat change which occurs 
when carbonyl chloride is passed into aqueous potassium hydroxide, 
and (2) the heat evolved by the combustion of a mixture of the 
gas with hydrogen in an atmosphere of oxygen. Berthelot had 
used the first method and found a value of 18,000 cals., but Thomsen 
showed that the true value was much higher and obtained results 
of 26,620 and 25,650 cals, by the two methods. There is thus a 
difference of 970 cals, between the values given by Thomsen, the 
mean being 26,100 cals. 

The results now obtained have been used to calculate this heat 
of reaction (Q v ), which has been assumed to remain constant within 
each temperature-range shown in Table IV. The range (4a) has 
been included to show the effect upon Q v and Q p of using the inter¬ 
polated value (1429) of K c at 662° K. instead of the experimental 
result (1409), which gives the results in range (4). Since Thomsen’s 
data apply at constant pressure at room temperature, the com¬ 
parison of his results must be made with those shown in col. 3 
which are the heats of reaction at constant pressure at the mean 
temperatures shown in col. 4. The mean of these is 25,500 cals, 
at an average temperature of 416°, thus differing from Thomsen’s 


mean by 600 cals. 

Temp, ranges (°K.). 

Table IV. 

Qv Qp- 

Mean temp., °K. 

(I) 754*4—717*1 

24,030 

25,500 

735*7 

(2) 717*1—688 

24,530 

25,930 

702*6 

(3) 6S8—-630 

24,340 

25,660 

659 

(4) 688—662 

23,620 

24,970 

670 

(4a) 688—662 

24,100 

25,450 

675 


It appears doubtful whether this difference between the two 
values has any real significance as it is within the limits of experi¬ 
mental error in Thomsen’s results. 


Summary. 

The values found by different authors for the dissociation con¬ 
stant of carbonyl chloride show wide divergences, and experiments 
have therefore been made over a range of 120°—from 360° to 480°. 
It has been shown that trustworthy results cannot be obtained in 
experiments in which carbonyl chloride is heated in glass reaction 
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vessels for long periods. The results obtained in quartz vessels 
agree fairly well with those of Bodenstein and Plaut. 

The values of the logarithms of the constants when plotted 
against the reciprocals of the absolute temperatures lie on a straight 
line. 

Values calculated for the heat of the reaction show that this 
changes by an amount less than the uncertainty in Thomsen’s 
values when measured at room temperature and at temperatures 
between 300° and 500°. 

These facts lead to the conclusion that the difference between the 
sum of the molar heats of carbon monoxide and chlorine and that 
of carbonyl chloride is constant up to 500°, and that its numerical 
value is small. 

Qualitative evidence was obtained in support of the observations 
of Christiansen that the decomposition of carbonyl chloride is 
catalysed by the products of decomposition. 

The author wishes to express his thanks to Mr. D. L. Chapman 
and Mr. H. J. George for the help and criticism which they have 
given during the course of the work. He is also indebted to the 
Department of Scientific and Industrial Research for a grant which 
enabled him to undertake the work. 

The Sir Leoline Jenkins Laboratories, 

Jesus College, Oxford. [Received, June 15 th, 1927.] 


CCCI .—Polynuclear Heterocyclic Aromatic Types* 

Part III . Pyrroloquinoline Derivatives . 

By Reginald Clifford Fawcett and Robert Robinson* 

In Part II of this series (Armit and Robinson, J., 1925, 127, 1604) 
several anhydronium bases of the carboline type were described, 
and 3-carboline methohydroxide (I), for example, was shown to 
be dehydrated with the formation of the anhydride (II), An 



attempt was made to reproduce this phenomenon in the case of 
a base in which the pyridine and pyrrole rings were separated 
by a naphthalene nucleus, but without definite result; we have 
now made similar trials with compounds in which the separation 
of the heterocyclic nuclei is by a benzene nucleus. A study of 
the literature showed that the particular combinations of fused 
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rings which we wished to examine are not contained in known 
substances, and some difficulty has been experienced in effecting 
the necessary syntheses. 6-Aminoquinoline and benzoin (compare 
Japp and Murray, J., 1894, 65, 889) could be condensed with 
formation of a diphenylpyrroloquinoline (III), but the methosulphate 
of this base, on treatment with aqueous potassium hydroxide, does 
not appear to yield an anhydro-base. It was thought that less 
ambiguous results would be obtained if the quinoline ring were 




phenylated in positions 2 and 4 in order to stabilise the a- and 
y-carbinols and thus prevent oxidation to quinolones. The con¬ 
densation of dibenzoylmethane and p - amino acetanilide could not, 
however, be effected. With m-phenylenediamine the isomeric 
aminodiphenylquinolines (IV, V) were obtained, although in such 
poor yield that further work along these lines was prohibited. 

We therefore turned our attention to a scheme in which the 
quinoline ring is the last to be introduced. 6-Aminotetrahydro- 
carbazole (VI) (Plant and Edwards, J., 1923, 123, 2393) and di¬ 
benzoylmethane give rise to the intermediate phenyl tetrahydrocarb - 

azylaminostyryl ketone, COPh-CHICPh-NH-C^^C^H^ 

which may be dehydrated by means of phosphoryl chloride with 
formation of a diphenyltetrahydroindoloquinoline (VII). This 




yellow base gives red salts, and when dissolved in organic solvents 
it absorbs a molecular proportion of oxygen so as to produce a 
dioxy-compound , C 27 H 22 02N 2 . The substance derived from the 
methosulphate of (VII) by the action of aqueous potassium hydr¬ 
oxide has, apparently, the composition C^H^Ng^HgO. In view 
of its deep green colour and the avidity which it displays for oxygen, 
it is better regarded as a hydrate of the anhydro-base (VDT) 
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of the methohydroxide of (VII) (which should be red, like the 
methosulphate). Probably the most satisfactory conception of the 
nature of these intensely-coloured, hydrated anhydro-bases, several 
of which have now been found to exist, is that which would class 
them with the pyranhydrones and flavanhydrones as quinhydrones. 
Thus the substance under discussion would, on this hypothesis, 
have the composition, C2gH24N2,C2 8 H2 6 N 2 0,3H 2 0. The first com¬ 
ponent would be the fractional dipolar anhydronium base (compare 
Part II, loc. cit .), whilst the second would be a partly dissociated 

carbinol-amine, also a fractional dipole, 
balancing the first and cohering to it 
through electrostatic attraction. Such a 
conception of the molecular combination 
seems to be generally applicable to the 
... r quinhydrones. 

Experimental. 

5:6- (2' : 3' - Diphenylpyrrolo )(4' : 5') - 
quinoline (III).—This base may be ob¬ 
tained from p-nitroaniline in an over-all 
yield of 43%, the yield in the last stage 
described below being 95%. A mixture 
of 6-aminoquinoline (7 g.), its hydro¬ 
chloride (3 g.), and benzoin (15*5 g.) was 
heated for 4 hours at 150—160°. On 
cooling, the mass set to a hard cake wdiich 
was ground with aqueous ammonia, and 
the yellow powder collected, washed, 
dried, and crystallised from methyl alcohol 
and then from ethyl acetate; short, yellow 
prisms (19 g.), m. p. 167—168° (Found, in material dried at 100° : 
0, 81*4; H, 5*4; in material dried at 140° in a high vacuum : 
0,86*0; H, 5*3. C2 3 H 16 N 2 ,H 2 0 requires C, 81*6; H,5*3; C 23 H 16 N 2 
requires C, 86*2; H, 5*0%). The molecule of water is tenaciously 
held and only removed very slowly at 110—120° in a vacuum. 
Solutions of the substance in most organic solvents are yellow and 
exhibit a green fluorescence. 

A sample of this base was crystallised from ethyl acetate, and 
the following crystallographic description was kindly supplied by 
Mr. H. E, Buckley, of the Crystallography Department of this 
University: 

Symmetry : anorthic, pinacoidal. Habit: short prisms, parallel 
to zone (001). Forms developed: a(100), 6(010), c(001), m(110), 
w(110), o(lll), w(lll), r(I01), a:(013). 


Fig. 1. 
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Table of Observed Angles . 





No. of 





Faces. 

Angle. 

measurements. 


Limits. 


(010—110) 

59° 

41' 

11 

59° 

20'- 

-59° 

56' 

(100—110) 

47° 

50' 

3 

47° 

45'—47° 

57' 

(100—llO) 

33° 

7' 

5 

33° 

O' - 

-33° 

13' 

(110—010) 

39° 

28 / 

2 

39° 

28' 1 

(each) 

(001—010) 

74° 

51' 

8 

74° 

35'- 

-75° 

3' 

(001—110) 

95° 

56' 

5 

95° 

46'- 

-96° 

6' 

(001—111) 

42° 

0' 

7 

41° 

42'-—42° 

11' 

(111—110) 

42° 

2' 

6 

41° 

46'- 

-42° 

8' 

(010—111) 

54° 

13" 

6 

54° 

5' - 

-54° 

23' 

(110—111) 

43° 

13' 

3 

43° 

4' - 

-43° 

18' 

(001—111) 

69° 

r 

6 

68° 

51'- 

-69° 

10' 

(001—013) 

17° 

29' 

1 

17° 

29' 



Axial 

angles: 

a — 

80° 37'; j8 = 70° 8'; 

; y = 

: 77° 

3'. 



a 

: b : c 

= 0-601 : 1 : 0-530. 





Optics. When 

the crystal 

is laid on face m(110). 

, which is usually 


the largest face, there is an extinction, in parallel polarised light, 
practically parallel to the edge given by the c(001) face and the 
prism. From observations in convergent polarised light, it appears 
that the birefringence is very strong and positive, whilst the 
dispersion appears to be of the type p>v. 

The hydrogen sulphate and the hydrochloride crystallise from 
water and from dilute hydrochloric acid respectively in stellar 
clusters of pale yellow plates. The solution in concentrated sul¬ 
phuric acid is both colourless and non-fluorescent. The picrate 
crystallises from alcohol in bright yellow needles, m. p. 218° 
(decomp.). 

The Methosulphaie. —Pure methyl sulphate (4 g.) in dry benzene 
(10 c.c.) was added to a solution of diphenylpyrroloquinoline (5 g.) 
in hot dry benzene (100 c.c.), and the mixture boiled. Bright 
yellow needles soon appeared and in 10 minutes filled the liquid. 
The salt was isolated and crystallised from water in yellow needles 
(5 g.), m. p. 218—219° (Found : S, 7-1. C 25 H 22 0 4 N 2 S requires 
S, 7-2%). The orange-yellow, alcoholic solution exhibits a faint 
fluorescence, but the light yellow acetic acid solution has a vivid 
light green fluorescence. The colourless solution in concentrated 
sulphuric acid is not fluorescent, but on the addition of water the 
yellow colour and green fluorescence appear. The solubility in 
water is approximately : at 25°, 1 part in 70 parts; at 95°, 1 part 
in 7 parts. Decomposition of this methosulphate with 50% aqueous 
potash yielded an amorphous red powder. 

2-Keto-l-methyl-5 : 6-(2 / : 3' -diphenylpyrrolo)(4: f : 5')-l : 2 - dihydro - 
quinoline (III, modified as in IIIa). —A cold concentrated aqueous 
solution of the above methosulphate (4 g.) was added to a 10% 
sodium hydroxide solution (50 c.c.) containing potassium ferric 
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cyanide (5*9 g.), and the mixture was kept for an hour and fre¬ 
quently shaken. The product was isolated by means of ether 
and then extracted with boiling light petroleum; the solutions 
on concentration to a small volume deposited a pale yellow powder. 
The quinolone crystallised from ether in pale yellow needles, m. p. 
195-5° (Found: C, 78-8; H, 5-2. C 24 H 18 0N 2 ,H 2 0 requires C, 
78-3; H, 5*4%); it is readily soluble in most organic solvents. 

5- and 1-Amino-2 : 4 -diphenylquinoline (IV, V).—2 > A m i ]0 * oace t- 
anilide condenses with dibenzoylmethane to an anil, but ring 
closure of this could not be effected under a variety of conditions. 
The action of sulphuric acid on the anil, followed by treatment with 
aqueous sodium hydroxide gave a substance , m. p. 237-5—238-5°, 
crystallising from alcohol. This appeared to be the sodium salt of 
a sulphonic acid of the required base. 70% Sulphuric acid and 
also zinc chloride gave no useful results. We therefore directed 
our attention to ra-phenylenediamine derivatives, but here too the 
experiments met with little success, since the yields of the desired 
aminodiphenylquinolines were only 5%. A mixture of m-phenyl- 
enediamine (6 g.) and dibenzoylmethane (12 g.) was heated at 140° 
for 1 hour; powdered zinc chloride (10 g.) was then introduced, 
and the temperature maintained at 175—180° for 5 hours. The 
bases produced were rendered to benzene, and the dried extract 
on concentration and keeping deposited a mixture of short, thick, 
prismatic needles and fine, silky needles. These were separated, 
and after many crystallisations from alcohol and benzene the two 
forms were obtained pure, their m. p.’s not being altered by further 
crystallisation; the former variety had m. p. 168*5° (Found: 
C, 85-0; H, 5-5%), and the latter had m. p. 187° (Found: C, 
84*5; H, 5*8. C 21 H 16 N 2 requires C, 85-1; H, 5-4%); by analogy 
with other 5- and 7-substituted quinoline derivatives, the sub¬ 
stance, m. p. 168-5°, should be the 5-substituted isomeride. The 
yellow colour of the base, m. p. 187°, is the paler of the two, but 
in other respects the properties of these substances are closely 
similar; a mixture had m. p. 142°. The bases may be diazotised, 
and then couple with (3-naphthol to give bright red azo-compounds. 

6- Amino- 1:2 : 3 ; i-tetrahydrocarbazole (VI).—p-Nitrophenylhydr- 
azine (the method of Hodgson and Beard, J. Soc. Chem. Ind ,, 
1926, 45, 56t, gives almost theoretical yields) was converted into 
6-nitrotetrahydrocarbazole, as described by Borsche, Witte, and 
Bothe (Annalen, 1908, 359, 53) (yield, 80%), but the recorded 
processes for the reduction of this substance (compare Perkin and 
Plant* 1921, 119, 1833; Plant and Edwards, loc. cit.) gave 
only 20—40% yields. The use of sodium sulphide as the reducing 
agent led to still lower results, but a 73% yield was obtained by 
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means of iron powder and hydrochloric acid in alcoholic solution 
(compare West, J., 1925, 127, 494). 6-Nitrotetrahydrocarbazole 
(20 g.), dissolved in boiling 90% alcohol (70 c.c.) (reflux condenser, 
mechanical stirrer, and wide, stoppered side-tube) and concentrated 
hydrochloric acid (1 c.c.), was reduced by the gradual addition of 
iron powder (24 g.) during 45 minutes and subsequent boiling for 
3—4 hours. The mixture was filtered hot and the residue washed 
with boiling alcohol; the amine (12*5 g.) was isolated from the 
filtrate by precipitating neutral impurities with concentrated hydro¬ 
chloric acid (50 c.c.) and separating the hydrochloride by the further 
addition of hydrochloric acid (100 c.c.). Extraction of the neutral 
substances by water yielded some more amine hydrochloride, and 
the final acid mother-liquor was concentrated, basified with ammonia 
and the crude base crystallised from water. 

Phenyl oL-Tetrahydromrbazylamino(ft)-styryl Ketone .—A mixture 
of dibenzoylmethane (9*5 g.), 6-aminotetrahydrocarbazole (7*6 g.), 
and acetic acid (35 c.c.) was refluxed for 1 hour, and the solvent 
then removed by distillation under diminished pressure. The 
residue crystallised from alcohol in yellow prisms (8 g.), m. p. 
229*5—230° (Found: C, 82*1; H, 6*2. C 27 H 24 ON 2 requires C, 
82*6; H, 6*1%). This substance has very feebly basic properties, 
and when boiled with hydrochloric acid it first gives a red substance 
and is then slowly hydrolysed. Its solution in concentrated 
sulphuric acid is yellow and non-fluorescent, but on keeping the 
colour fades and a bright violet fluorescence develops; on the 
addition of water a red salt is precipitated. 

2 : 4c-Diphenyl-5 : 6-(4': 5': 6': 7' -tetrakydroindolo)(2' : %')-quinol¬ 
ine (VII).—This substance may be obtained from the foregoing 
ketone in several ways, e.gr., (1) by keeping a cold sulphuric acid 
solution for 24 hours, (2) by heating a sulphuric acid solution to 
60—65° for 5 minutes, (3) by passing hydrogen chloride into a 
solution in acetic acid, and (4) by heating it with half its weight 
of zinc chloride or phosphoric anhydride. The best procedure is 
the following: A mixture of the ketone (12*5 g.) and phosphoryl 
chloride (80 c.c.) was boiled for 1 hour, and the red liquid then 
gradually added to ice and water with stirring. The dull red solid 
was collected, washed with water, and triturated with ammonia; 
the resulting light yellow powder was collected, washed, dried at 
105°, and extracted with ether in a Soxhlet apparatus from which 
air was excluded by means of carbon dioxide; the ethereal solution, 
on keeping, deposited yellow crystals which were collected and 
washed in an atmosphere of carbon dioxide, and finally dried in a 
vacuum desiccator (total yield, 9*5 g., 76%) (Found: 0, 86-4;; 
H, 6*1. requires C, 86-6; H, 5*9%). 2 :4-1)^^^; 
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5: 6-(4': 5': 6': 7' -teirahydroindolo ) (2': 3')-quinoline crystallises from 
ether in yellow prisms, m. p. 235°, and dissolves in most organic 
solvents to yellow solutions exhibiting a greenish-blue fluorescence. 
Its salts are red and sparingly soluble in water. The red solution 
in acetic acid gives a pink precipitate on addition of water, whilst 
the colourless solution in sulphuric acid exhibits a brilliant violet 
fluorescence. The picrate, prepared in alcoholic solution in an 
atmosphere of carbon dioxide, crystallised in orange-red needles, 
m. p. 241° (decomp. 243°). The most characteristic property of 
the base is the ease with which it absorbs oxygen from the air 
when in solution in organic solvents, especially ether or chloro¬ 
form; it appears to be relatively stable in the solid state. The 
product, dioxydiphenyltetrahydroindoloquinoline , is readily isolated 
and crystallises from ether in long, colourless needles which de¬ 
compose suddenly with bright incandescence at 168°, but without 
melting (Found: C, 79-4; H, 5*6; N, 6*7. C 27 H 22 0 2 N 2 requires 
C, 79*8; H, 5*4; N, 6*9%). The dirty green solution in con¬ 
centrated sulphuric acid slowly develops a most intense green 
fluorescence, giving the effect of opacity. The incandescence 
observed on heating suggests that this curious substance is a 
peroxide. 

Metho-derivatives. —A mixture of the base (5 g.), pure methyl 
sulphate (3-6 g.), and benzene (140 c.c.) was boiled for 2-5 hours, 
air being displaced from the apparatus by nitrogen. The solvent 
was removed by distillation, the residual red oil dissolved in dry 
acetone (about 20 c.c.), and on keeping, red needles separated. 
These were collected (3*5 g.), and a further quantity (0*6 g.) could 
be obtained from the mother-liquor by concentration to two- 
thirds of its volume (further concentration gave uncrystallisable 
material). The separated methosulphate is sparingly soluble in 
acetone and moderately readily soluble in water. On heating, it 
decomposes at a high temperature without melting. The colour¬ 
less solution in concentrated sulphuric acid exhibits a brilliant 
violet fluorescence. The related methopicrate crystallised from 
acetone in long, slender, meshed, orange-red needles, m. p. 252— 
254° (decomp.). 

The methosulphate (4 g.) was added to benzene (100 c.c.) and 
50% aqueous potassium hydroxide (50 c.c.), and the mixture 
heated for 1| hours with occasional shaking; air in the apparatus 
was displaced by nitrogen. The bright red colour in both layers 
disappeared, the aqueous solution becoming colourless and the 
benzene layer intense brilliant green. In all the subsequent oper¬ 
ations access of air was prevented by nitrogen. The aqueous 
layer was siphoned off and potassium hydroxide (35 g.) added to 
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the benzene layer, which was then boiled for 1 hour, filtered, and 
dried for 12 hours over potassium hydroxide. The solution was 
filtered, heated, and the base precipitated by the addition of boiling 
light petroleum (b. p. 60—80°) as a bright green solid, which was 
collected and dried in a vacuum. At this stage there was for the 
first time a momentary contact with air, but the desiccator had 
been previously filled with nitrogen and was quickly evacuated. 
Weighing was carried out with the utmost dispatch, since absorption 
of oxygen was obviously indicated during the operation (Found : 
C, 79*3, 78-8; H, 6*4, 6*3. C 28 H 28 0 2 N 2 requires C, 79*2; H, 6*6%). 
The dark green powder becomes brown and then black when exposed 
to air. Treatment with acids gives red salts resembling the metho- 
salts mentioned above, and the solution in sulphuric acid exhibits 
violet fluorescence. 

The authors desire to thank the Government Grant Committee 
of the Royal Society for a grant which defrayed a part of the cost 
of the work, and the Advisory Council of the Department of Scientific 
and Industrial Research for a grant that enabled one of them to 
take part in the investigation. 

The University, Manchester. [Received, July 1 \th, 1927.] 


CCGII .—The Conversion of Palmatine into its 

Cryptopine Analogue (Cryptopalmatine ). 

By Robert Downs Haworth, Joseph Blake Koepfli, and 
William Henry Perkin, jun. 

An examination of the structural formulae of the naturally occurring 
alkaloids of the ten-membered ring type, such as cryptopine and 
protopine, reveals the relationship between these alkaloids and 
those of the protoberberine series. Thus the protoberberine 
alkaloids berberine and coptisine (Kitasato, Proc. Imp. Acad. 
Tokyo , 1926, 2, 124) are related to the ten-membered ring alkaloids 
3-homochelidonine and protopine, respectively. These relation¬ 
ships, together with the interconvertibility of the two types, leave 
little doubt that the further examination of natural products will 
result in the discovery of new affinities of the same kind, epi- 
Berberine, the protoberberine derivative corresponding to crypto¬ 
pine, has so far not been isolated from natural sources, whilst the 
ten-membered ring analogue of palmatine has not been described 
either as a natural or as a synthetical product. This analogue of 
palmatine, for which we suggest the name “ cryptopalmatine (V), 
has now been obtained from palmatine by a process similar to that 
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employed in the synthesis of p-homochelidonine, cryptopine, and 
protopine (Haworth and Perkin, J. } 1926,129, 445,1769). 

Tetrahydropalmatine (I) * was treated with methyl iodide and 
thus converted into the methiodide which exists in the usual a- and 
$ -modifications, readily separable by crystallisation from methyl 
alcohol and then from water. The (3-? nethochloride, obtained from 
the methiodide by the action of silver chloride, is a well-defined, 

OMe OMe 



crystalline substance, whereas the corresponding a -methochloride 
has only been isolated as a hygroscopic syrup. When the methio- 
dides or methochlorides are heated with methyl-alcoholic potassium 
hydroxide, anhydromethyltetrahydropalmatine B (II) is obtained as a 
crystalline substance, m. p. 115—116°, the constitution of which 
is proved by the facts (i) that it is a stable substance remaining 
unchanged after digestion with methyl alcohol or chloroform, and 
(ii) that its sparingly soluble, crystalline hydrochloride is not con¬ 
verted into tetrahydropalmatine methochloride by prolonged 
boiling with dilute hydrochloric acid. 

Tetrahydropalmatine methiodide was next converted into the 
corresponding methohydroxide, by treatment with silver hydroxide 
in aqueous suspension, and the methohydroxide decomposed by 
evaporating the solution in a good vacuum, whereby a mixture of 
anhydromethyltetrahydropalmatine A (III) and B (II) was obtained, 
in which unfortunately the latter modification largely predominated. 
The former base possesses the properties characteristic of the 
“ A” type, since it is unstable and is converted into tetrahydro¬ 
palmatine methochloride by warming with dilute hydrochloric acid. 
Owing to the poor yield of this base, further experiments could only 
be carried out on a very small scale, and no attempt was made to 
isolate in a pure condition the amine oxide (IV), which results from 
the action of perbenzoic acid on. the anhydro-base A (III). It was, 
however, observed that the amine oxide is soluble in water and yields 
a colourless, sparingly soluble hydrochloride . On warming with 
glacial acetic acid and hydrochloric acid, this a mine oxide is readily 
converted into cryptopalmatine (V), a well-defined base which 

* .We are indebted to Professor Spath for some of the palmatine iodide 
used in this investigation, but most of the material was prepared by us from 
berberine by the method of Spath and Quietensky (Ber., 1925, 58, 2267). 
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separates from ether in prisms, m. p. 148—150°, and, like cryptopine, 
gives a characteristic red-violet coloration with sulphuric acid. 
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We hope, at a later date, to be able to obtain further quantities of 
cryptopalmatine, so that it may be possible to make a more complete 
examination of this interesting base. 


Experimental. 

Tetrahydropalmatine a- and $-Methiodides. —Tetrahydropalmatine 
(4 g.), methyl iodide (5 c.c.), and benzene (40 c.e.) were heated on the 
steam-bath for 4 hours, and the pale yellow methiodide (4*6 g.) was 
collected, dried, and fractionally crystallised from methyl alcohol 
(200 c.c.). The first fractions, recrystallised from water, yielded the 
P -methiodide as stout prisms, m. p. 266° (decomp.) * (Found : 
C, 53*0; H, 5*8. C 22 H 28 0 4 NI requires C, 53*1; H, 5*6%). This 
substance is very sparingly soluble in methyl alcohol or water. 
The last fractions from the crystallisation from methyl alcohol were 
recrystallised from water, and the a -methiodide separated in colour¬ 
less prisms, m. p. 230°. The crystals contain water of crystallisation, 
but they lose it at 110° and fall to a powder (Found, in material 
dried at 110°: C,53*2; H, 5*9), 

Tetrahydropalmatine a- and $~Methochlorides. —The methiodide 
(i.e., the mixture of the a- and (3-forms), suspended in water, was 
heated with excess of silver chloride on the steam-bath for 3 hours. 
The filtered solution was concentrated to a small bulk, whereupon 
the $-methochloride separated and was collected. The mother- 
liquor, on further concentration, yielded the oi-methochloride as a 

* The melting points of the salts given in this and the following papers 
vary very much with the rate of heating, and must be considered as only 
approximate. ' ''Mtiik}' 
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hygroscopic syrup. The P-methochloride crystallises from water in 
colourless prisms, m. p. 250° (decomp.) (Found : 0, 64*8; H, 7-2. 
C 22 H 28 0 4 IS[C1 requires C, 65*1; H, 6*9%). The a-methochloride 
separates from water as a syrup, which is readily soluble in alcohol 
and is precipitated as an oil on the addition of ether. It is converted 
into the oc-methiodide, m. p. 230°, by the addition of potassium iodide 
to the aqueous solution. 

Anhydrormthylteirahydropalmatine B (II).—Tetrahydropalmatine 
methoehloride was heated on the steam-bath for 2 hours with excess 
of 10% methyl-alcoholic potassium hydroxide. The solution was 
diluted with water, the oily base extracted with ether, and the 
extract dried, filtered, and concentrated; anhydromethyltetra - 
hydropalmatine B then separated in stout, colourless prisms, m. p, 
115—116° (Found : C, 71*3; H, 7*5. C 22 H 27 0 4 N requires C, 71*5 ; 
H, 7*3%). This base is very soluble in the usual organic solvents 
with the exception of petroleum. It is stable towards hot aqueous 
methyl alcohol or chloroform and yields a sparingly soluble hydro¬ 
chloride which crystallises from water in nodular clusters of needles, 
m. p. 210° (decomp.); these contain water of crystallisation some of 
which is lost at 100°, the crystals falling to a powder, but 1 mol. of 
water is retained after drying at 110° (Found, in material dried at 
110°: C, 63*0; H, 7*1. C 22 H 28 0 4 NC1,H 2 0 requires C, 62*4; 
H, 7*1%). 

Anhydromethyltetrahydropalmatine A (III).—Tetrahydropalmatine 
methiodide (3 g.) was digested with a suspension of silver hydroxide 
until conversion into the methohydroxide was complete. The 
filtered solution was evaporated and the residue heated for an hour 
at 100°, both processes being conducted in a vacuum. The syrup 
which remained was extracted several times with ether, in order to 
separate the anhydro-bases from any undecomposed methohydroxide, 
and the ether allowed to evaporate slowly; anhydromethyltetra - 
hydropalmatine A gradually separated in needles (0-1 g.), m. p. 
131—132° (Found : C, 71*5; H, 7*1. C 22 H 27 0 4 N requires C, 71*5; 
H, 7*3%), whilst the modification B (1*5 g.) slowly crystallised from 
the mother-liquors. Anhydromethyltetrahydropalmatine A is an 
unstable base which dissolves in cold dilute hydrochloric acid and 
may be liberated from the solution by sodium hydroxide. After 
boiling in dilute acid for some time, the base does not separate on the 
addition of sodium hydroxide, conversion into tetrahydropalmatine 
methoehloride evidently having taken place. 

Crypiopalmatim (V).—Anhydromethyltetrahydropalmatine A 
(0*2 g.) in chloroform (5 c.c.) was gradually added to an ice-cold 
ethereal solution of perbenzoic acid (0*25 g. in 25 c.c.). The mixture 
was kept over-night during which it acquired a greenish-yellow tint, 
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but no crystalline material separated as in the cases previously 
examined (Haworth and Perkin, loc. cit .). When the mixture was 
shaken with very dilute hydrochloric acid and the extract con¬ 
centrated in a vacuum, the hydrochloride of the amine oxide (IV) 
separated in colourless prisms, m. p. 198—200° (decomp.) with 
previous darkening. Owing to scarcity of material the amine oxide 
was not isolated, but it was observed to be soluble in water because 
an aqueous solution of the hydrochloride remained clear on the 
addition of sodium hydroxide. 

The hydrochloride (0*1 g.) was dissolved in glacial acetic acid 
(2 c.c.) and concentrated hydrochloric acid (2 c.c.), boiled for 2 
minutes, the brown solution diluted with water, made alkaline with 
sodium hydroxide, and the amorphous base extracted with chloro¬ 
form ; when the extract was dried and the solvent removed, a brown 
semi-solid mass remained. This was dissolved in a little alcohol, 
mixed with a large volume of ether, filtered from amorphous material, 
the ethereal solution well washed with water, dried over potassium 
carbonate, filtered, and the solvent allowed to evaporate slowly, 
whereupon cryptopalmatine separated in small, colourless prisms, 
m. p. 148—150° (Found: C, 68*6; H, 6-8. C 22 H 27 0 5 N requires 
C, 68*8; H, 7*0%). A solution of the base in glacial acetic acid 
developed a reddish-violet coloration on the addition of concentrated 
sulphuric acid. 

The Dyson Perrins Laboratory, 

Oxford. [ Received , August 5th , 1927.] 

Armstrong Col le ge, University of Durham, 

Newcastle-on-Tyne. 


CCCIII .—Synthetical Experiments in the iso Quinoline 
Group. Part VII. A Synthesis of 3:11- 
Dimethoxyprotoberberinium Salts. 

By Satyendra Nath Chakravabti, Robert Downs Haworth, 
and William Henry Perkin, jun. 

A comparison of the constitutional formulae of groups of alkaloids 
brings to light many curious generalities. It is difficult to under¬ 
stand why so many of these substances are built up on a common 
skeleton and why certain groups, and more particularly methoxy- 
and methylenedioxy-groups, should play so prominent a part in 
their structure. Attention has already been directed to the fact 
(J., 1926, 33) that the alkaloids palmatine, berberine, corydaline, 
and many others are all derived from the same angular structure (I), 



2266 CHAKRAVARTI, HAWORTH, AND PERKIN *. SYNTHETICAL 


a point clearly illustrated by the formula of tetrahydxoberberine 
(II). It was also pointed out that p-homochelidonine, cryptopine, 


(I.) 




and protopine, although not actually derivatives of (I), readily 
yield quaternary salts which are built up on this skeleton. In order 
to obtain some light on the reason why the skeleton (I) is so com¬ 
monly selected by nature, the alkaloid 2:3-methylenedioxy- 
II: 12-dimethoxy-6 :15 :16 :17-tetrahydroparaberine (IV),* iso¬ 
meric with tetrahydroberberine, but differing from it in containing 
the linear structure (III), was synthesised (Zoc. tit., p. 42). 



During the course of those experiments, it soon became evident 
that the various stages in the synthesis did not proceed so smoothly 
as in the case of the corresponding stages in the synthesis of tetra- 
hydro-^-berberine, and furthermore, the properties of the substance 
(IV) were not nearly so definite and characteristic as those of tetra¬ 
hydroberberine. In particular, the property of yielding highly 
coloured quaternary salts on treatment with iodine or other oxidising 
agents, so strikingly shown by tetrahydroberberine, fails entirely in 
the case of the paraberine analogue (loc. cit., p. 37). These observ¬ 
ations led to the suggestion that the greater ease of formation and 
more characteristic properties of alkaloids built up on the angular 
type may have some bearing on the occurrence and preferential 
selection of this type in nature. 

Another remarkable feature, not only of the alkaloids of the 
berberine group, but also of many others of widely different origin, 
e.£., narcotine, cryptopine, eorycavidine, and glaucine, is the occur¬ 
rence in the molecule of two catechol nuclei, usuaUy modified by 
. methoxy- or methylenedioxy-groups, although in some cases, e.g., 
corydine and eorytuberine, a hydroxy-group remains free. There 
can be no doubt that the presence of these methoxy- and methylene¬ 
dioxy-groups has a profound hearing on the ease of synthesis and 

‘ * This alkaloid is actually more directly related to tetrahydro-^-emberberine 
1924,125, 1677). 
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characteristic properties of these alkaloids, and there are also 
indications, to which reference has been made (this vol., p. 2262), that 
these groups also greatly influence the possibility of converting the 
alkaloids, into derivatives of the ten-membered ring type (compare 
J., 1926, 446), and consequently into alkaloids of the p-homo- 
chelidonine group. In view of these considerations it seemed to be 
of interest to attempt to prepare alkaloids which, although built up 
on the angular skeleton (I), do not contain a catechol nucleus, and 
to compare the ease of synthesis and characteristic properties of such 
substances with these features in the case of the alkaloids of the 
palmatine-berberine type. 

The present communication deals with the synthesis of 3 :11- 
dimethoxytetrahydroprotoberberine (V) * containing two methoxy- 
groups, and in the succeeding investigation we describe the synthesis 
of tetrahydroprotoberberine itself (VI), which contains no methoxy- 
groups and to which special interest attaches because it is the parent 
of the whole palmatine-berberine group of alkaloids. 




The synthesis of 3:11-dimethoxyprotoberberine and its 
derivatives was conducted in the following maimer. p-m-Methoxy- 
phenylethylamine, prepared by a slight modification of the method 
of Heifer (Helv. Chim. Acta, 1924, 7, 945), was condensed with 
w-methoxyphenylacetic acid, prepared by a method similar to that 
employed by Pschorr (Annalen, 1912, 391, 41), and the m-methoxy - 
phenylaceto~$-m-methoxyphenyleihylamide (VII) so obtained was 
converted, in a yield of 80%, into a syrupy base of which the pier ate 
is crystalline. This base, which is probably 6-methoxy~l-(Z'-methoxy- 
benzyl)-Z : 4z-dihydroisoquinoline (VIII), oxidises rapidly on exposure 
to air and is readily reduced by zinc and sulphuric acid to 6-methoxy- 
l-(Z'-methoxybenzyl)-l: 2 : 3 : 4:-tetrahydroi$oquinoline (IX), an oily 
base yielding a crystalline sulphate and picrate. Ring-closure of the 
formyl derivative was effected in the usual manner with phosphorus 
oxychloride, giving a 66% yield of a yellow crystalline base, m. p. 
130°, which is doubtless 3 : 11 -dimethoxydihydroprotoberberine (X). 

Although we have no direct evidence that the two ring-closures, 
i.e the conversion of (VII) into (VIII) and (IX) into (X), have 
taken place in the para-positions to the methoxy-groups, there can 
be little doubt that this is the case, since, judging from analogy, 

* The nomenclature is discussed in J., 1925, 127, 1462. - H, : 
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ring-closure in the ortho-positions is most unlikely* Synthetical 
experiments which are in progress will, we hope, decide this point. 



Dimethoxydihydroprotoberberine (X) gives well-characterised, pale 
yellow salts of which the hydrochloride , the hydr iodide, and the 
picrate are described. It is reduced by zinc dust and sulphuric acid 
to 3: 11-dimethoxytetrahydroprotoberberine (V), a colourless 
crystalline base, m. p. 111°, which may also be obtained, although 
in smaller yield, from (IX) by condensation with formaldehyde. 
Of the colourless crystalline salts, the hydrochloride , hy dr iodide, and 
picrate are described. 



When 3 :11-dimethoxytetrahydroprotoberberine (V) is oxidised 
with iodine in alcoholic solution, it yields 3 :11 -dimeihoxyproto- 
herberinium iodide (XI), a yellow quaternary salt from which the 
corresponding yellow chloride was prepared. The iodide (XI) is 
decomposed in the usual manner by potassium hydroxide giving 
3: ll-dirmthoxyoxyprotoberberirie (XII) and dimethoxydihydro¬ 
protoberberine (X), which are readily separated, in that the former 
is insoluble and the latter soluble in dilute min eral acids. 



3 :11 -Dimethoxyietrahydroproioberberine methiodide, obtained by 
heating the base (V) with methyl iodide, was readily separated into 



EXPERIMENTS IN THE isOQUINOLINE GROUP. PART VH. 2269 

a- and (3-forms by crystallisation from water (compare Pyman, 
J., 1913, 103 , 825; Haworth and Perkin, J., 1926, 1772), and these 
were converted into the corresponding methochlorides, of which the 
(3-form is crystalline, whereas the a-modification is a syrup. The 
methiodide was next converted into arihydromeihyl -3 : 11 -Aimethoxy- 
tetrahydroprotoberberine B (XIII) by the action of alcoholic potassium 
hydroxide, and the interesting observation was made that this is the 
only base which is obtained when the methiodide is converted by 
silver hydroxide into the corresponding methohydroxide and the 
aqueous solution is evaporated in a good vacuum. The structure 
assigned to this base is confirmed by its stability towards aqueous 
methyl alcohol and chloroform, and by its yielding a stable and 
sparingly soluble hydrochloride. It is clear from these experiments 
that the presence of two methoxy-groups attached to the annular 
skeleton of tetrahydroberberine as in (V) does not allow the formation 
of the ten-membered ring, at all events under the usual conditions. 

The other points of general interest which emerge from this 
investigation are (i) that the synthetical experiments described 
proceed almost as readily, if perhaps not quite so smoothly, when 
only two methoxy-groups are present as they do in the case of the 
corresponding syntheses in the berberine series, and (ii) that the deep 
yellow colour of the salts of berberine and allied alkaloids becomes 
much less intense when only two methoxy-groups are present in 
the molecule. 

Experimental. 

m-Methoxybenzaldehyde is obtained in a yield of 80% by the 
following method : m-Hydroxybenzaldehyde (250 g.), methyl alcohol 
(750 c.c.), and sodium hydroxide (85 g.), dissolved in the minimum 
of water, are heated on the steam-bath, and freshly distilled methyl 
sulphate (290 g.) is added sufficiently rapidly to maintain brisk 
ebullition; a further quantity of methyl sulphate (200 g.) is then 
added, the mixture being kept alkaline by the addition of 50% 
sodium hydroxide. The product is kept for | hour, the methyl 
alcohol removed by distillation, and the residue diluted with water 
and extracted with ether. The extract is dried with sodium sulphate, 
the ether removed, and the m-methoxybenzaldehyde distilled under 
reduced pressure. m-Methoxyeinnamic acid was prepared by heat¬ 
ing m-methoxybenzaldehyde (100 g.), malonic acid (160 g,), and 
piperidine (5 c.c.) in pyridine (250 c.c.) solution for li hours on the 
steam-bath, and then boiling for 15 minutes on the sand-bath. The 
product, on being poured into excess of dilute hydrochloric acid, gave 
an almost quantitative yield of wi-methoxycinnamic acid, m. p. 117°, 
This acid was reduced with sodium amalgam to [3 -m-methoxyphenyl- 
propionic acid in the manner described by Heifer (loc. cit.), 1 y 
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m-Methoxyphenylacetic acid was prepared by the method of 
Pschorr ( loc . cit.), but a different procedure was adopted in the 
separation of the products of the hydrolysis of the az-lactone. 
After hydrolysing the latter with sodium hydroxide, the solution 
was saturated with sulphur dioxide, the benzoic acid collected, the 
filtrate acidified and boiled, and the m -melhoxyphenylpyruvic acid 
collected and recrystallised from glacial acetic acid, separating in 
small crystals, m. p. 150° (Found: C, 61-6; H, 5*1. C 10 H 10 O 4 
requires C, 61*8; H, 5*1%). This acid is readily soluble in hot 
alcohol but rather sparingly soluble in cold acetic acid or toluene. 
It was oxidised in cold alkaline solution with hydrogen peroxide, 
and m-methoxyphenylacetic acid, m. p. 68°, was obtained in good 
yield on acidifying the alkaline solution. 

m - M ethoxypheny facet -£-m- methoxyphenylethylamide (VII).—(i) 
Equivalent quantities of p-m-methoxyphenylethylamine (Heifer, 
be, cit.) and m-methoxyphenylacetic acid were heated at 180° for 
3 hours. Alternatively, (ii) m-methoxyphenylacetic acid (6 g.), 
dissolved in a little chloroform, was gently boiled for | hour with 
thionyl chloride (3*5 g.); the chloroform was removed and the 
residual yellow oil added to an emulsion of p-m-methoxyphenyl- 
ethylamine (5 g.) in potassium hydroxide (40 c.c. of 10%), the 
mixture being well shaken during the addition. By either method, 
the amide was obtained as an oil which did not crystallise in contact 
with the usual solvents. 

6-Methoxy-l-(3'-methoxybenzyl)‘Z : 4- dihydroisoquinoline (VTII). 
—The amide just described (20 g.) was heated with phosphorus 
oxychloride (50 c.c.) for 2 hours on the steam-bath and then kept 
over-night. The mixture was decomposed and extracted with hot 
water (charcoal), filtered from tar, the filtrate made alkaline with 
sodium hydroxide, and extracted several times with benzene (A). 
Some of the benzene extract was dried over potassium carbonate, 
the solvent removed, and the oily base dissolved in alcohol and 
mixed with an alcoholic solution of picric acid. The yellow picrate 
of (VIII) which separated is sparingly soluble in alcohol and readily 
soluble in hot glacial acetic acid, from which it separates in small 
needles, m. p. 155° (Found : C, 56*3; H, 4*6. C^H^OdSL requires 
C, 56*5; H, 4*3%). " ~ ' 

6- Methoxy -1 -(3 ’-methoxybenzyl) -1:2:3: 4:-tetrahydrois>oquinoline 
(IX).—This was obtained by extracting the benzene extract (A) 
with dilute sulphuric acid, and reducing the acid solution with zinc 
dust. The solution was made alkaline with amm onia, the tetra- 
hydro-base extracted with chloroform, dried over potassium 
carbonate, and the solvent removed, leaving the base as an oil. 
The hydrochloride, obtained by dissolving the oil in hot dilute hydro- 
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chloric acid, and cooling, separated in needles, m. p. 192° (decomp.) 
(Pound : C, 67*9; H, 6*9. C 18 H 22 0 2 NC1 requires C, 67*6; H, 6*9%). 
The sulphate is readily soluble in hot water and crystallises in 
rhombs. The picrate, prepared in alcoholic solution, is sparingly 
soluble in hot alcohol, and separates from glacial acetic acid as a 
crystalline powder, m. p. 148° (Found : 0,56*6; 11,4*6. wa 
requires C, 56*3; H, 4*8%). 

3 :11 -Dimethoxydihydroprotoberberine (X).—The -formyl deriv¬ 
ative of (IX) was prepared by adding a slight excess of formic acid 
to a dry benzene solution of the base; the benzene was removed, and 
the residue heated in an oil-bath at 200° for 2 hours. The whole 
(13 g.) was dissolved in dry toluene (50 c.c.), phosphorus oxychloride 
(30 c.c.) added, and the mixture boiled for 1J hours. The product 
was diluted with petroleum ether, the dark brown oil which separated 
was dissolved in alcohol, made alkaline with sodium hydroxide, and 
diluted with water; when the sides of the vessel were scratched 
vigorously, the base (X) separated as a yellow powder (8 g.), which 
crystallised from alcohol or benzene in shining, yellow, rhombic 
prisms, m. p. 130° (Found : C, 78*0; H, 6*6. C 19 H 19 0 2 N requires 
C, 77*8; H, 6*5%). This base is sparingly soluble in alcohol, more 
soluble in benzene, and readily soluble in chloroform. It is a strong 
base yielding pale yellow, crystalline salts with mineral acids. The 
solution in concentrated sulphuric acid is yellowish-brown and 
becomes deep red on the addition of a crystal of potassium nitrate. 
The hydrochloride is rather sparingly soluble in water or dilute 
hydrochloric acid, and crystallises from the former in silky needles 
containing 411^0 which is lost at 105° (Found : loss at 105°, 17*0. 
Calc, for 4H a O : 17*9. Found in. material dried at 105° : C, 68*7; 
H, 6*1. CAO^Cl requires C, 69*2; H, 6*1%). The hydr iodide, 
obtained by adding sodium iodide to the aqueous solution of the 
hydrochloride, is a yellow, crystalline powder, very sparingly soluble 
in boiling water (Found: C, 546; H, 4-8. C 19 H 20 O 2 NI requires 
C, 54*2; H, 4*8%). The picrate , prepared in alcoholic solution, is 
very sparingly soluble in alcohol, and separates from glacial acetic 
acid as a bright yellow, crystalline powder, m. p. 232° (Found: 
C, 57*4; H, 4*1. requires C, 57*5; H, 4*2%). 

3 :11 -Dimethoxytetrahydroprotoberberine (V).—This substance was 
obtained in two ways, (i) Dimethoxydihydroprotoberberine (X) 
was reduced by zinc dust and dilute sulphuric acid until the solution 
became colourless; the product was filtered, the filtrate made 
alkaline with ammonia, the base extracted with chloroform, dried 
over potassium carbonate, the solvent removed, and the residue 
dissolved in dilute hydrochloric acid, from which the hydrochloride 
of the base separated on cooling. This was collected*. 
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water, decomposed with concentrated ammonia, and the almost 
colourless 3 :11 -dimethoxytetrahydroprotoberberine crystallised from 
alcohol or dry benzene, (ii) The tetrahydro-base (IX; p. 2270) was 
dissolved in methyl alcohol, mixed with sodium bicarbonate and a 
slight excess of 40% formaldehyde, and the mixture warmed for a 
few minutes on the steam-bath; on the addition of water and some 
salt, a gum separated, which was thoroughly washed with cold 
water and heated with concentrated hydrochloric acid on the steam- 
bath for a few minutes; the gummy hydrochloride was redissolved 
in water, decomposed with ammonia, the base extracted with 
chloroform, and the solvent removed. The residual syrup was 
rubbed with ether, which removed unchanged tetrahydro-base, and 
the sparingly soluble residue of dimethoxytetrahydroprotoberberine 
was crystallised from alcohol or benzene. The yield was small, 
however, and various modifications of this method failed to effect 
much improvement. 

3 :11 -Dimethoxytetrahydroprotoberberine separates from alcohol 
or dry benzene in jagged prisms, m. p. 111° (Found: C, 77*6; 
H, 7*1. C 19 H 21 0 2 N requires C, 77*3; H, 7*1%), readily soluble in 
chloroform, or in methyl or ethyl alcohol; the base and its salts are 
rather more soluble than dimethoxydihydroprotoberberine and its 
salts. The hydrochloride is readily soluble in hot water, from 
which it separates in characteristic, colourless rosettes, m. p. 199° 
(Found: 0,68*8; H, 6*7. C 19 H 22 0 2 NC1 requires C, 68*8; H, 6*6%). 
The hydr iodide, obtained by adding sodium iodide to the aqueous 
solution of the hydrochloride, is moderately soluble in- boiling water 
and separates as a crystalline powder with a very slight yellow tinge, 
m. p. 205° (Found : C, 54*4; H, 5*2. C^H^OgNI requires C, 53*9; 
H, 5*2%). The picrate , prepared in alcoholic solution, separates 
from glacial acetic acid or alcohol in bright yellow needles, m. p. 
139—140° (decomp.) (Found: C, 57*5; H, 4*9. C 25 I^ 4 0 9 N 4 
requires C, 57*3; H, 4*6%). 

The 3 :1 l-Dimeihoxyprotoberberinium Salts. —Dimethoxytetra- 
hydroprotoberberine (V), dissolved in the minimum of boiling alcohol, 
was mixed with anhydrous sodium acetate, and an alcoholic solution 
of iodine slowly added until a permanent coloration remained. The 
dark brown granular periodide was collected, washed with water, 
suspended in hot water, and decomposed by adding aqueous sul¬ 
phurous acid. The pale yellow iodide (XI) separated from water, in 
which it is very sparingly soluble, in pale yellow needles, m. p. 242° 
(Found : C, 54*2; H, 4*4. C 19 H 18 02NI requires C, 54*4; H, 4*3%), 
The chloride is readily obtained by digesting an aqueous suspension 
of the iodide with excess of silver chloride for 2 hours on the steam- 
b&th; after filtering, concentrating, and adding hydrochloric acid, 
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the mass of pale yellow needles of the chloride is recrystallised from 
dilute hydrochloric acid and left on porous porcelain exposed to air 
for 2 days, m. p. 200° (decomp.). The salt contains 3H 2 0 which 
is lost at 105° (Found: loss at 105°, 13*5. Calc, for 3H a O: 14*1. 
Found in material dried at 105°: C, 69*3; H, 5*8, C 19 H 18 0 2 NC1 
requires C, 69*6; H, 5*5%). The picrate was obtained, by adding 
aqueous picric acid to the hot aqueous solution of the chloride, as 
yellow flocks almost insoluble in alcohol and sparingly soluble in 
glacial acetic acid, from which it separates as a feathery mass 
of long, yellow needles, m. p. 238° (Found: C, 55*5; H, 3*9. 
C 25 H 22 O 10 N 4 requires C, 55*8; H, 4*1%). 

3 : 11 -Dimethoxyoxyprotoberberine (XII).—A boiling aqueous 
solution of 3:11-dimethoxyprotoberberinium chloride (2 g.) was 
added to a hot solution of potassium hydroxide (8 g.) in water 
(32 c.c.), and the whole heated on the steam-bath for 2 hours. The 
yellow mass which separated was collected and thoroughly extracted 
with dilute hydrochloric acid (A); the residue was dissolved in hot 
glacial acetic acid, mixed with an equal volume of boiling water, 
and allowed to stand, the oxy-derivative (XII) then separating as a 
mass of colourless needles, m. p. 143° (Found: C, 74*1; H, 5*7. 
C 19 H 17 0 3 N requires C, 74*3; H, 5*5%). 3 : 11 -Dimethoxyoxyproto- 
berberine is sparingly soluble in the usual solvents, except glacial 
acetic acid, and insoluble in dilute mineral acids. It dissolves in 
concentrated sulphuric acid to a yellow solution which changes to 
brown on the addition of a crystal of potassium nitrate. 

The hydrochloric acid extracts (A) gradually deposited a mass of 
pale yellow needles, which were collected, dissolved in water, and 
precipitated with ammonia. The precipitate was washed and 
recrystallised from alcohol; the resulting yellow rhombic prisms, 
m. p. 130°, proved to be identical with the 3 :11 -dimethoxydihydro- 
protoberberine (X) described on p. 2271. 

3 : 11-Dimethoxytetrahydroprotoberberine Methiodide .—The base 
(V; 10 g.) and methyl iodide (15 c.c.) were boiled for 15 minutes, the 
excess of methyl iodide was removed, and the residue dissolved in 
boiling water (300 c.c.) and cooled; the (S- methiodide separated and 
was crystallised from water as colourless prisms, m. p. 245° (decomp.) 
(Found : C, 54*9; H, 5*7. C 20 H 24 O 2 NI requires C, 54*9; H, 5*5%). 
The a -methiodide, obtained by concentrating the mother-liquors, 
separated from water in colourless nodules, m. p. 224° (Found: 
C, 55*2; H, 5*6). The methochlorides were obtained by digesting 
an aqueous suspension of the mixed methiodides with silver chloride. 
The filtered solution was evaporated to dryness, the pale yellow 
syrup dissolved in alcohol, and ether slowly added; the p-metita- 
cMoride then separated in colourless needles, m. p. 245° (decoipp.) 
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(Found: C, 69*2; H, 7*1. C 20 H 24 O 2 NCl requires C, 69*4; H, 
6*9%). The oL-meikochloride was precipitated as a syrup by the 
addition of more ether to the alcohol-ether mother-liquor of the 
p-methochloride. It was not obtained in a crystalline state, but 
the addition of sodium iodide to its aqueous solution precipitated the 
a-methiodide, m. p. 224°. 

Anhydromethyl- 3 : 11 -dimethoxytetrahydroprotoberberine (XIII).— 
(i) The mixed methochlorides (1 g.) were boiled with 25% methyl- 
alcoholic potassium hydroxide (6 c.c.) for 2 hours, the mixture was 
diluted with water, the oily base extracted with ether, and the 
solvent removed, leaving the crude base as a colourless oil which 
did not solidify; it was soluble in the usual organic solvents and 
yielded the sparingly soluble hydrochloride (see below) when it was 
stirred with dilute hydrochloric acid, (ii) An aqueous solution of 
the mixed methiodides or methochlorides was decomposed with 
silver hydroxide, filtered, the filtrate concentrated in a good vacuum, 
and the residue extracted with benzene. This left a small amount 
of material which was dissolved in water and concentrated, giving 
crystals of 3 : 11 -dimethoxytetrahydroprotoberberine methocarbonate, 
m. p. 216°, which dissolved with effervescence in dilute hydrochloric 
acid (Found: C, 67*9; H, 6*9. C 21 H 25 0 5 N requires C, 67*9; H, 
6*7%). The benzene extract, on concentration, yielded an oil 
which gave a sparingly soluble hydrochloride and was identical with 
the oil obtained by method (i); all its properties showed that it was 
an anhydro-base of the “ B ” type. Anhydro- 3 : II -dimethoxy- 
tetrahydroprotoberberine B is an oil which decolorises a solution of 
bromine in chloroform and also an acid solution of permanganate. 
It is recovered after boiling for several hours with aqueous alcohol 
or chloroform. The sparingly soluble hydrochloride crystallises 
from water in small needles, m. p. 236° (decomp.), and is recovered 
unchanged after boiling with dilute hydrochloric acid for 6 hours 
(Found; C, 69*2; H, 6*9. C^H^OgNCl requires 0,69*4; H, 6*9%). 
When the base (XIII) was mixed with perbenzoie acid, no crystalline 
material separated. The mixture was extracted with dilute hydro¬ 
chloric acid, the acid extract evaporated in a vacuum, and the 
resulting gum warmed with glacial acetic acid and concentrated 
hydrochloric acid. The reddish solution obtained yielded an 
amorphous, dark slime on the addition of ammonia, but no crystalline 
substance could be isolated from it. 

The Dyson Pebbins Laboratory, 

Oxford. [ Received , August 5 th , 1927.] 
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CCCIV .—Synthetical Experiments in the isoQuinoline 
Group. Part VIII . A Synthesis of Protoberber- 
inium Salts . 


By Satyendra Nath Chakravarti, Bobert Downs Haworth, 
and William Henry Perkin, jun. 

It is pointed out (preceding paper) that the parent substance of 
the alkaloids of the palmatine-berberine series is protoberberine, 
the synthesis of which is now described. It was thought probable 
that the methods which had proved so successful in the syntheses 
of ^-berberine and other similar cases might fail in the present case 
because the absence of the methylenedioxy- or methoxy-groups 
might inhibit one or other of the necessary ring-closures. These 
anticipations were, in fact, largely realised, for although the syn¬ 
thesis was ultimately successful, the yields obtained, especially in 
the case of the second ring-closure, were so poor that the accumul¬ 
ation of sufficient material for the study of protoberberine was a 
very tedious process. Clearly, then, the presence of the catechol 
nuclei is an important factor in facilitating the building up of these 
alkaloids, and this fact is in harmony with the presence of these 
nuclei in so many of the naturally occurring alkaloids of this and 
similar groups. 

As in previous cases, the first object was the synthesis of tetra - 
hydroprotoberberine (I), and the methods employed were similar to 
those which had been successful in the synthesis of tetrahydro- 
^r-berberine (II) and allied substances. Phenylacet-p-phenylethyl- 
amide, prepared from phenylacetic acid and (3-phenylethylamine, 



was converted into 1-benzyl-3 : 4-dihydrotooquinoline by the action 
of phosphorus pentoxide (compare Decker and Kropp, Her., 1909, 
42, 2075; Pictet and Kay, ibid., p. 1976; Forsyth, Kelly, and 
Pyman, J., 1925, 127, 1663). On reduction with dilute sulphuric 
acid and zinc, the dihydro-base yielded 1-benzyl-1 : 2 ; 3 :4-tetra- 
hydrotooquinoline (III; compare Forsyth, Kelly, and Pyman, toe. 
cit., p. 1664), an oily base which gives a crystalline hydriodide and 
sulphate. The conversion of this substance into tetrahydroproto- 
berberine (I) presented considerable difficulty. The usual cosh* 
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densation with formaldehyde wets unsuccessful, but it was ultimately 
found that treatment of the IS-formyl derivative with phosphorus 




oxychloride under strictly defined conditions (see p. 2278) yielded 
small quantities of dihydroprotoberberine (IV), the yield under the 
most favourable conditions not exceeding 10%. (The substitution 
of phosphorus pentoxide for the oxychloride did not effect any im¬ 
provement.) The base (IV) was not isolated as such, but was 
immediately reduced by zinc dust and hydrochloric acid to tetra- 
hydroprotoberberine (I), m. p. 85°, which crystallises well and 
yields a crystalline hydrochloride and pier ate. When the tetra- 
hydro-base is oxidised in alcoholic solution by iodine, it is converted 
into protoberberinium iodide , which is much less highly coloured 
than berberinium iodide, crystallises in yellow needles, and is con¬ 
verted by silver chloride into the chloride (V). It is interesting 



that this salt crystallises from water with 4H 2 0, thus resembling 
berberinium chloride and the other analogously constituted chlorides 
of this series, all of which contain water of crystallisation. In this 
ease, again, the loss of colour is very striking, since the intense 
yellow so characteristic of berberinium chloride has almost dis¬ 
appeared in the case of protoberberinium chloride, the crystals of 
which have only a pale yellow tinge, 

Protoberberiniiim chloride is decomposed by potassium hydroxide 
in the usual manner and yields oxyprotoberberine (VI), m. p. 102°, 
but the dihydroprotoberberine which is evidently produced at the 
same time could not be isolated in a pure state owing to the small 
amount of material at our disposal. Attention may be directed to 
the unexpectedly large effect which the elimination of methoxy- 
and methylenedioxy-groups has in producing low melting points in 
the derivatives of protoberberine: thus tetrahydroprotoberberine 
has m. p, 85°, whereas tetrahydroberberine melts at 170° and 
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tetrahydropalmatine at 147°; oxyprotoberberine has m. p. 102°, 
whereas oxyberberine melts at 200° and oxypalmatine at 183°. 

Tetrahydroprotoberberine methiodide (VII), prepared by heating 
the base with excess of methyl iodide, was readily separable into 
a- and (3-forms. When treated with alcoholic potassium hydroxide, 
the methiodide was converted into anhydromethyltetrahydroproto - 
berberine (VIII), a syrupy base which yields a sparingly soluble 
hydrochloride. The same anhydro-base was obtained when the 



methiodide was digested with silver hydroxide and the solution 
evaporated in a good vacuum. No trace of the isomeric base 
containing a ten-membered ring could be isolated, and the con¬ 
stitution (VIII) is assigned to anhydromethyltetrahydroproto- 
berberine because the base is stable towards methyl alcohol and 
chloroform, and the sparingly soluble hydrochloride is also stable 
towards boiling dilute hydrochloric acid—conditions under which 
the ten-membered isomeride would be converted into a quaternary 
chloride. It would appear, therefore, that, in the absence of 
methoxy- or methylenedioxy-groups, there is no tendency towards 
the formation of the ten-membered anhydro-base. 

Experimental. 

1-Benzyl-1 : 2 : 3 : A-tetrahydromoquinoline (III).—To a boiling 
solution in xylene (100 c.c.) of phenylacet-(3-phenylethylamide (20 
g.), obtained by heating molecular proportions of phenylacetic acid 
and (3-phenylethylamine at 180° (Decker and Kropp, loc. cit .), 
phosphorus pentoxide (40 g.) was added, and the boiling continued 
for l hour; the mixture was poured into water, the toluene layer 
removed, and the aqueous layer made strongly alkaline with sodium 
hydroxide. The 1-benzyl-3 : 4-dihydro^oquinoline which separated 
as an oil (Pictet and Kay, loc. cit.) was rapidly extracted with 
benzene and thence with dilute sulphuric acid; the acid extract 
gradually deposited the sulphate in regular cubes, m. p. 216° (Found ; 
C, 60*4; H, 5*4. C 16 H 15 N,H 2 S0 4 requires C, 60*2; H, 5*3%). 

The sulphuric acid solution of the sulphate was heated with excess 
of zinc dust for 14 hours, reduction then being complete. The hot 
solution was filtered, decomposed with ammonia, the oily bitse 
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extracted with chloroform, the extract dried over potassium carbon¬ 
ate, the solvent removed, and the residual oil dissolved in hot 
dilute sulphuric acid. The \-benzylA : 2 : 3 : 4:4etrahydroisoquinoU 
ine sulphate, which gradually formed, crystallised from water with 
5B^O, of which 4H 2 0 were lost at 100°, m. p. 191° (decomp.) 
[Found: loss at 100°, 11*2. (C 16 H 17 N) 2 ,H 2 S0 4 ,5H 2 0 requires 
4H 2 0, 11*2. Found in material dried at 100°: C, 67*8; H, 6*7. 
(C 16 H 17 N) 2 ,H 2 S0 4 ,H 2 0 requires C, 68*3; H, 6*8%]. This sulphate 
is less soluble in dilute sulphuric acid than in water. 

Tetrahydroprotoberberine (I).—This base could not be obtained by 
treating the foregoing base with formaldehyde in the usual manner. 
A variety of conditions were examined and, although small quan¬ 
tities of crystalline hydrochlorides were sometimes formed, they 
always gave rise to gummy bases on decomposition with alkali. 
Ultimately the following method was found to give the desired 
result although the yield was not more than 10%. 1-Benzyl- 
1:2:3: 4-tetrahydroisoquinoline (24 g.) and anhydrous formic acid 
(5 g.) were heated in an oil bath at 200—205° until effervescence 
had ceased (3 hours). The product was dissolved in toluene and 
boiled with phosphorus oxychloride (48 c.c.) for H hours; light 
petroleum was then added, the clear liquid decanted from the 
dark-coloured gum, the latter extracted with dilute hydrochloric 
acid (charcoal), and the solution of dihydroprotoberberine hydro¬ 
chloride reduced by heating with excess of zinc dust for 2 hours, 
during which the yellow solution became colourless. The hot liquid 
was filtered, the filtrate decomposed with ammonia, the base ex¬ 
tracted with chloroform, dried over potassium carbonate, the 
chloroform removed, and the residue dissolved in hot dilute hydro¬ 
chloric acid, from whichtetrahydroprotoberberine hydrochloride gradu¬ 
ally separated. This was collected, recrystallised from water (char¬ 
coal), the purified salt dissolved in water, decomposed with ammonia, 
the base extracted with ether, dried over potassium carbonate, 
filtered, and the ether allowed to evaporate slowly, whereupon 
teirahydmprotoberberine crystallised in clusters of colourless needles, 
m. p. 85° (Found: C, 87*2; H, 7*3. C 17 H 17 N requires C, 86*8; 
H, 7*2%); it dissolves readily in the usual organic solvents, with 
the exception of petroleum, and crystallises well from either ether 
or methyl alcohol. It is a strong base dissolving in dilute acids 
and giving well-characterised salts. Its solution in concentrated 
sulphuric acid is colourless even after the addition of a crystal of 
potassium idtrate. This reaction disting uis hes tetrahydroproto- 
* berberine from other alkaloids of this series, for the sulphuric acid 
solutions of all those containing methoxy- or methylenedioxy-groups 
develop coloration under these conditions. The colours are probably 
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due to nitration occurring in the nuclei activated by these sub¬ 
stituent groups. 

Tetrahydroprotoberberine hydrochloride is readily soluble in water, 
from which it separates in slender needles, m. p. 232° (Found: C, 75*4; 
H, 6-8. C 17 H 18 NC1 requires 0, 75*1; H, 6-6%), and very sparingly 
soluble in dilute hydrochloric acid. The still more sparingly soluble, 
crystalline hydriodide separates when a solution of sodium iodide is 
added to the aqueous solution of the hydrochloride. The picrate 
crystallises in small yellow needles, m. p. 151°, when an alcoholic 
solution of the base is mixed with picric acid; it is soluble in glacial 
acetic acid or hot alcohol, sparingly soluble in cold alcohol, and almost 
insoluble in water (Found : C, 59*0; H, 4*6. C 23 H 20 O 7 N 4 requires 
C, 59*5; H, 4*3%). 

The Protoberberinium Salts (as V).—Tetrahydroprotoberberine, 
dissolved in the minimum of boiling alcohol, was mixed with 
anhydrous sodium acetate, and an alcoholic solution of iodine 
added until a permanent colour remained. The dark brown, 
granular precipitate of the periodide was collected, washed well 
with water, suspended in water, decomposed with sulphur dioxide, 
and the resulting yellow iodide recrystallised from boiling water; 
fine yellow needles, m. p. 232° (decomp.) (Found: C, 56*2; H, 
4*1. C 17 H 14 NI requires C, 56*2; H, 3*9%). The chloride was 
readily obtained when an aqueous suspension of the iodide was 
digested with excess of silver chloride for 2 hours on the steam- 
bath. After filtering, concentrating, and adding hydrochloric acid, 
the chloride separated as a mass of needles having only a slight 
yellow tinge; it was recrystallised from water and left on porous 
porcelain exposed to the air for 2 days. It then had the com¬ 
position C 17 H 14 NC1,4H 2 0, and after heating at 100° it still retained 
iH 2 0 (Found : loss at 100°, 18*3. C 17 H 14 m,4H 2 0 requires 3|H 2 0, 
18*5. Found in material dried at 100°: C, 74*2; H, 5*5. 
C 47 H 14 NGl,iH20 requires C, 73*8; H, 5*4%). Protoberberinium 
picrate was obtained as yellow flocks on adding aqueous picric acid 
to a hot aqueous solution of the chloride; it crystallised from glacial 
acetic acid, in which it is sparingly soluble, in fine, yellow needles, 
m. p. 192—193°. 

Oxyprotoberberine (VI).—A boiling solution of protoberberinium 
chloride (0*5 g.) in water (5 c.c.) was added to a hot solution of 
potassium hydroxide (2*5 g.) in a little water, and the mixture 
heated on the steam-bath for 3 hours; the oil which separated 
solidified on long standing. It was usually extracted with ether, 
the ether removed, and the residual gum extracted several times 
with very dilute hydrochloric acid. By this treatment the dihydro* 
protoberberine present was removed, but we were not successful 
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in isolating the small quantities of this substance in a pure state. 
The residue, insoluble in dilute hydrochloric acid, was dissolved in 
hot glacial acetic acid and mixed with a few drops of boiling water; 
oxyprotoberberine then gradually separated and, after a second treat¬ 
ment with acetic acid, it was obtained pure in slender, satiny, 
colourless needles, m. p. 102° (Found : C, 82-6; H, 5-5. 0 17 H 13 0N 

requires C, 82-6; H, 5-3%). It is rather sparingly soluble in the 
usual organic solvents, with the exception of glacial acetic acid, 
and does not dissolve in dilute mineral acids. The pale yellow 
solution in concentrated sulphuric acid becomes pale brown on the 
addition of a crystal of potassium nitrate. 

Tetrahydroprotoberberine Methiodides . (VII).—Tetrahy dr opr ot o - 
berberine (5 g.) and methyl iodide (10 c.c.) were heated under reflux 
for | hour, the excess of methyl iodide was evaporated, and the solid 
dissolved in boiling water (250 c.c.); the ^-methiodide, which 
separated on cooling, recrystallised from water in colourless prisms, 
m. p. 230—232° (decomp.) (Found: C, 57-2; H, 5*4. C 18 H 20 NI 
requires C, 57*3; H, 5*3%). The a-methiodide gradually separated 
from the aqueous mother-liquor in colourless nodules, and*crystal¬ 
lised from alcohol in small needles, m. p. 212° (Found : C, 57*1; 
H, 5*2). The methochloride was obtained by heating an aqueous 
suspension of the mixed methiodides with silver chloride. It is 
very soluble in water and separates as a syrup on concentration. 

Anhydromethyltetrahydroprotoberberine (VIII).—Tetrahydroproto¬ 
berberine methiodide (or methochloride) was heated with excess of 
10% methyl-alcoholic potassium hydroxide for 3 hours. The mix¬ 
ture was diluted with water, the oily base extracted with ether, 
dried over potassium carbonate, filtered, and the ether removed, 
leaving the base as an oil which did not crystallise. When triturated 
with dilute hydrochloric acid, it was converted into the sparingly 
soluble hydrochloride, and this crystallised from water in small 
prisms, m. p. 234—235° (decomp.), containing water of crystal¬ 
lisation, which is lost at 100®, the substance falling to a fine powder 
(Found: 0,75*0; H, 7*0. C^H^Cl requires C, 75-6; H, 7*0%). 
The same base is the only ether-soluble product obtained when 
tetrahydroprotoberberine methiodide is treated with silver hydr¬ 
oxide, and the solution evaporated in a good vacuum. The ether- 
insoluble residue was completely soluble in water and appeared to 
be undecomposed methokydroxide , After being boiled with aqueous 
methyl alcohol for 4 hours, the base (VIII) was recovered unchanged 
and identified by conversion into the sparingly soluble hydrochloride. 
^It was also unchanged by boiling with chloroform for 3 hours, 
p^whilst . the hydrochloride was recovered after being heated with 
dfiute hydrochloric acid on the steam-bath for 6 hours. 
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CCCV.—5: 6-Dimethoxy-2-methyl-l : 2: 3: 4 -tetrahydro- 
isoquinoline and some Derivatives. 

By Robert Downs Haworth. 

The present communication describes some experiments which were 
undertaken in order to discover whether the introduction of a nitro- 
group into a suitable position in the benzene nucleus of a 2-methyl- 
1:2:3: 4-tetrahydrowoquinoline derivative is capable of inducing 
such a reactivity in the 1-methylene group as could be utilised 
in synthetical work connected with the isoquinoline alkaloids. 
Suitable nitroisoquinoline derivatives are not readily accessible, 
and it has been necessary to synthesise S-nitro-5 : Q-dimethoxy-2- 
methyl-1 : 2 : 3 : 4- tetrahydroi&oquinoline (I) in order to test the 
above possibility. 

2 : 3-Dimethoxycinnamic acid, prepared by condensing 2 : 3- 
dimethoxybenzaldehyde with malonic acid, was converted into 
(3-2 : 3-dimethoxyphenylpropionic acid by reduction with sodium 
amalgam (Perkin and Robinson, J., 1914, 105, 2387). The amide 
of this acid was treated with sodium hypochlorite, and the resulting 
(3-2 : 3 -dimethoxyphenylethylamine converted into its -formyl deriv¬ 
ative, which yielded 5 : 6-dimethoxy -3 : A-dihydroimquinoline on 
treatment with phosphorus oxychloride. This oily base was con¬ 
verted to a crystalline methiodide (II), which was reduced by zinc 
dust and dilute sulphuric acid to 5 : 6- dimeihoxy-2-methyl -1 : 2 : 3 : 4- 
tetrahydroisoquinoline (III), a colourless, oily base, which gave a 

MeO CHg MeO CH 2 MeO CH 2 

Meo/VN^H* MeO/V^CR, Meo/V^CH* 

(b) (ii.) (in.) 

crystalline hydriodide and picrate. When this base was nitrated in 
glacial acetic acid it was converted into the required base (I), which, 
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however, did not condense with piperonal or veratraldehyde in the 
presence of either piperidine or methyl-alcoholic potassium hydr¬ 
oxide, from which it might be inferred that the effect of the nitro- 
group on the 1-methylene group is neutralised by the methylimino- 
grouping. 

6 f -Bromo-5 : 6 - dimethoxy - 3' : 4' - methylenedioxy -1 - benzyl - 3 : 4- 
dihydromoquinoline (IV) has been prepared from 3': 4?-meiJiyl- 
enedioxy-Q*-brorrwphenylaceto -(3-2 : 3 -dimethoxyphenylethylamide (Y), 
and, like other bases of this type, it is oxidised by the air to 6'- 
bromo-5 : 6-dimethoxy- 3': 4 ; - methylenedioxy-Y-benzoyl - 3 : 4 - dihydro- 
iso quinoline, (VI) (compare Buck, Haworth, and Perkin, J., 1924, 
125, 2176). 



MeO CH 2 



Expebimental. 

P-2 : 3-Dimethoxyphenylpropionic acid was prepared as follows : 
2 : 3-Dimethoxy benzaldehyde (10 g.), malonic acid (13 g.), pyridine 
(25 c.c.), and piperidine (0-5 c.c.) were heated for 1J hours on the 
water-bath, then boiled for J hour, and poured into dilute hydro¬ 
chloric acid; the 2 :3-dimethoxycinnamic acid was collected 
(yield, 95%), dissolved in 20% sodium hydroxide, and reduced at 
80° with 4% sodium amalgam (200 g.). The mixture was filtered, 
acidified with hydrochloric^ acid, and the p-2 : 3-dimethoxyphenyl- 
propionic acid collected and recrystallised from hot water (m. p. 68°). 

p-2 : 3-Dimethoxyphenylpropiona7nide .—The foregoing acid (10 g.) 
was dissolved in chloroform (20 c.c.) and allowed to react for 1J hours 
with thionyl chloride (6 c.c.) at the ordinary temperature. The 
mixture was poured into concentrated ammonia (50 c.c.) and water 
(50 c.c.), the chloroform removed by distillation, the residual liquid 
filtered from a little tar, and cooled; the resulting amide (9*5 g.) 
was crystallised from benzene in large, irregular prisms, m. p. 99— 
100° (Found: C, 62*8; H, 7-1. C n H 15 0 3 N requires C, 63-1; 
H, 7*2%), readily soluble in ether, alcohol, and hot water or benzene, 
but sparingly soluble in petroleum ether. 

p-2 : 3 -Dimethoxyphenylethylamim .—The amide (10 g.) was shaken 
with a solution of sodium hypochlorite, prepared by absorbing 
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chlorine (from 33 g. of potassium permanganate and concentrated 
hydrochloric acid) in 10% sodium hydroside (100 c.c.). When it 
had dissolved, the temperature was raised to 70° for 1 hour, the 
solution cooled, treated with sodium hydroxide (90 g.), heated to 
80° for 1| hours, cooled, thoroughly extracted with benzene, the 
extract dried, the benzene removed, and the residual oil (8 g.) 
distilled under diminished pressure, p-2: 3-Dimethoxyphenyl- 
ethyhmine boils at 190°/70 mm. (Found: C, 66-5; H, 84. C 10 H 15 O 2 N 
requires C, 66-3; E, 8-3%). 

The hydrochloride is very soluble in water or alcohol, and separates 
as an oil on the addition of ether to the alcoholic solution. The 
picrate, prepared in alcoholic solution, crystallised from alcohol 
in yellow plates, m. p. 174—176° (Found: C, 47-1; H, 4-5. 
Ci 6 Hi 8 O d N 4 requires C, 46-8; H, 44%). 

5 : 6’£imethoxy-3 :4-dihydroisoquinoline Methiodide (II).—The 
above amine (10 g.) and anhydrous formic acid (7 g.) were heated at 
180—200° for 3 hours. The resulting N-; formyl derivative was dis¬ 
solved in toluene (50 c.c.), phosphorus oxychloride (30 c.c.) added, 
and the mixture boiled for 1 hour; it was then diluted with petroleum 
ether (b. p. 40—60°), the solvent decanted from the brown gum, 
the latter dissolved in a little alcohol, poured into dilute hydro¬ 
chloric acid, and non-basic impurities were extracted with benzene. 
The acid layer was made alkaline with sodium hydroxide, extracted 
with benzene, the extract dried over potassium carbonate, and the 
benzene removed, leaving 5 : 6-dimethoxy-Z : bdikyd/romquinoline 
(5 g.) as an oil which did not crystallise, but which dissolved com¬ 
pletely in dilute hydrochloric acid to a pale yellow solution. The 
oil was boiled under reflux with methyl iodide, excess of the latter 
was removed by distillation, and the solid methiodide dissolved in 
methyl alcohol and precipitated by ether; pale yellow needles, m. p. 
174-175° (Found: 0,43*3; H, 4*9. C 12 H 16 0 2 NI requires C, 43*2; 
H, 4*8%). This methiodide is very soluble in water and in methyl 
and ethyl alcohols, the yellow solutions possessing a green 
fluorescence. 

5 : $-Dimethoxy-2-meihyl"l : 2: 3 : idetrahydroisoquinoline (III).— 
The methiodide (II) (2 g.) was dissolved in dilute sulphuric acid, 
heated with excess of zinc dust on the water-bath until the solution 
became colourless, and filtered; the filtrate was made alkaline with 
ammonia, the oily base extracted with chloroform, the extract 
dried over potassium carbonate, and the solvent removed, whereby 
the base (III) was obtained as an oil which did not solidify on long 
standing. The hydrochloride was very soluble in water or alcohol. 
The hydriodide was obtained by adding potassium iodide to a solu¬ 
tion of the base in dilute hydrochloric acid and recrystallising the 
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precipitated solid from ethyl alcohol; colourless nodules, m. p. 201° 
(decomp.) (Found : C, 43*2; H, 5*5. C 12 H 18 0 2 NI requires C, 43*0; 
H, 5*4%). The picrate separates from alcohol in yellow needles, 
m. p. 164° (decomp.). 

8 -Nitro-6 : Q-dimethoxy-2-methyl- 1 : 2 : 3 : 4- tetrahydroisoquinoline 
(I).—A solution of the tetrahydro-base (1 g.) in glacial acetic acid 
(25 c.c.) was treated with concentrated nitric acid (2 c.c.) in acetic 
acid (5 c.c.) containing urea, the temperature being maintained 
below 20° for 4 hours. The nitration mixture was diluted with water, 
made alkaline with ammonia, the buff-coloured nitro-compound 
collected, and crystallised from aqueous methyl alcohol; almost 
colourless prisms, m. p. 104—105° (Found: C, 57*1; H, 6*4. 
Ci 2 Hi 6 0 4 N 2 requires C, 57*2; H, 6*3%). The %-nitro-5 :6-di- 
methoxy-2-methyl- 1 : 2 : 3 : 4- tetrahydroisoquinoline is readily soluble 
in the usual organic solvents, and gradually turns green on exposure 
to light. It was reduced with zinc dust and hydrochloric acid and 
filtered; the addition of ferric chloride then produced a blue color¬ 
ation. Numerous unsuccessful attempts were made to condense this 
bAse with piperonal or veratraldehyde under a variety of conditions, 
piperidine and alcoholic potassium hydroxide being used as catalysts. 

6'-Bromo-3' : 4:'-methylenedioxypIienylaceto-$-2 : 3-dimethoxyphenyl- 
ethylamide (V) was obtained by heating molecular proportions of 
(3-2 : 3-dimethoxyphenylethylamine and 6-bromohomopiperonylic 
acid at 180° for 1J hours. The amide crystallised from ethyl 
alcohol in colourless needles, m. p. 131° (Found: C, 53*9; H, 4*8. 
C^H^O^BrN requires C, 54*0; H, 4*7%). 

6'- Bromo- 5 : Q-dimeihoxy- 3' : 4' -methylenedioxy-1-benzyl-3 : 4:-di- 
hydroisoquinoline (IV) was prepared by boiling the amide (V) (5 g.) 
for l\ hours with phosphorus oxychloride (15 c.c.) and toluene 
(25 c.c.), adding petroleum ether, and decanting the solvents from 
the gum. The latter was dissolved in dilute sulphuric acid, filtered 
from tarry material, and made alkaline with sodium hydroxide; 
the oily base which separated rapidly hardened, and was collected, 
washed with water, and crystallised from ethyl alcohol; rhombic 
plates, m. p. 134—135° (Found: C, 55*9; H, 4*6. C 19 H 18 0 4 NBr 
requires C, 56*4; H, 4*5%). Alcoholic solutions of this base were 
slowly oxidised on exposure to the air to &-bromo-5 : 6-dimethoxy- 
3': 4 '-methylenedioxy -1 - benzoyl - 3 - 4 - dihydroisoquinoline (VI), 
which crystallises from alcohol in colourless warts, m. p. 168° (Found: 
0,54*7; H, 4*1. C 1 ^H 16 0 5 NBr requires C, 54*5; H, 3*8%), and gives 
an intense green coloration on being warmed with acetic anhydride. 

The University of Durham, Armstrong College, 

Newcastle-qn-Tyne. {Received, August Qth, 1927 .] 
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CCCVI .—Investigations on the Bivalency of Carbon. 
Part I. The Displacement of Chlorine from 
Diphenylchloromethane. s - Tetraphenyldimethyl 
Ether. 

By Allan Miles Ward. 

The formation of s-tetraphenyldimethyl ether on boiling diphenyl- 
bromomethane with water was explained by Nef ( Annalen , 1897, 
298, 234) on the assumption that the reaction proceeded through 
a phase involving bivalent carbon : 

CHPh 2 Br CPh 2 < CHPh 3 -OH 
1 0HPh -' 0H > (CHPh 2 ) 2 0 

If this be so, the same considerations as those advanced for a-chloro- 
ethylbenzene (Ward, this vol., p. 445) should apply to the velocity 
coefficients for the displacement of the halogen atom from diphenyl- 
chloromethane. Thus the rates of displacement of the chlorine 
should be uninfluenced by the presence or the absence of sodium 
hydroxide. This is now shown to be the case for aqueous (10% by vol.) 
ethyl-alcoholic solutions at 25°. When sodium hydroxide is present 
in a concentration equivalent to the diphenylchloromethane, the 
velocity coefficient is that of a unimolecular reaction and of the 
same value as when sodium hydroxide is absent. When the con¬ 
centration of the sodium hydroxide is doubled, the reaction remains 
unimolecular, but the velocity is somewhat decreased. A similar 
observation is recorded by Senter and Tucker (J., 1916, 109, 697) 
for the reaction between water and the phenylbromoacetate ion. 

In ethyl-alcoholic solution without added water, the presence of 
sodium ethoxide produced no change in the velocity of the displace¬ 
ment of the halogen (it was unnecessary for the alcohol to be com¬ 
pletely anhydrous in these experiments, and lime-dried material 
was therefore used throughout); the presence of sodium hydroxide 
caused a considerable increase in the rate at 25*0°, but the reaction 
remained unimolecular. Observations at 35*0° in the presence 
and. in the absence of sodium hydroxide showed similar differences, 
but the temperature coefficients calculated from the two sets of 
results were in agreement. With increasing concentration of 
water, the velocity of the reaction increased, being about 30 times 
as great when 20% of water was present as in the absolute-alcoholic 
solution. In the previous communication on a-chloroethylbenzene 
( loc. tit.), all velocity measurements were made in 20% aqueous- 
alcoholic solutions, and comparison with the velocity coefficients 
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of the present reaction under similar conditions shows that the 
halogen is displaced some 166 times more rapidly from CHPh 2 Cl 
than from CHPhMeCl. 

In the kinetic experiments, the products from diphenylchloro- 
methane were benzhydrol and diphenylmethyl ethyl ether. These 
conclusions are based on (1) a Zeisel determination on the pro¬ 
ducts, and (2) the reaction between the products and hydrogen 
chloride, whereby diphenylchloromethane is re-formed from both 
benzhydrol and diphenylmethyl ethyl ether. In some of the 
experiments described, the estimation of chlorine by (2) gave low 
results for diphenylchloromethane, and repeated treatment with 
hydrogen chloride did not alter these values. In these experi¬ 
ments, the products were distilled at atmospheric pressure, but when 
all distillations were carried out under reduced pressure, the chlorine 
thus estimated agreed more closely with the calculated value for 
diphenylchloromethane. There can thus be no doubt that the 
low values obtained in some experiments were due to the presence 
of other substances formed during the distillation of the benzhydrol- 
diphenylmethyl ethyl ether mixture. Indeed, it was found by 
Goldthwaite {Amer. Chem. J ., 1903, 30, 461) that pp'-dibromo- 
diphenylmethyl ethyl ether on being heated at 300° decomposed 
entirely to ^p'-dibromodiphenylmethane and p'p'-dibromobenzo- 
phenone, together with a lower-boiling fraction, probably ethyl 
alcohol, and a gas, possibly ethylene. Bacon (ibid., 1905, 33, 92) 
obtained benzophenone, tetraphenylethane, and acetaldehyde on 
submitting diphenylmethyl ethyl ether to similar treatment. Nef 
(loc. cit., p. 236) had previously observed that benzhydrol at 300° 
decomposes completely to diphenylmethane, benzophenone, and 
tetraphenylethane. The analytical results would point, however, 
to the decomposition of the ether being very much less at atmo¬ 
spheric pressure than that of the benzhydrol. The Zeisel deter¬ 
minations are of interest in showing that some 8% of benzhydrol 
is formed when lime-dried alcohol is used, this no doubt being due 
to the water present in this solvent. In aqueous (10% by vol.) 
ethyl-alcoholic solution, the proportion of benzhydrol formed is 
higher in the absence of sodium hydroxide than in its presence, 
being 18% and 14%, respectively, and this provides further evidence 
that hydroxyl ions are not directly active in the substitution. 

The reaction mechanism derived from the kinetic results and 
from the products of reaction may thus be stated 

CHPhgCl —> CPh*< + HC1 (slow) 

CIVC + HsO —> CHPlyOH (rapid) 

CPh 2 < + EtOH —^ CHPlvGEt (rapid) 
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exactly as for a-chloroethylbenzene, and no experimental results are 
obtained contrary to Nef’s hypothesis that the reaction proceeds 
through the phase CPh 2 <\ 

It is shown also that s-tetraphenyldimethyl ether may be formed 
with ease from benzhydrol by boiling it under reflux with hydro¬ 
chloric acid, just as, under similar conditions, aa'-diphenyldiethyl- 
ether and styrene are formed from phenylmethylcarbinol (Ward, 
loc. cit .). If the former reaction proceeds through the phase CPh 2 < 
as postulated, no unsaturated hydrocarbon of the styrene type 
could be formed, and the ether was, in fact, the only product 
isolated. The effects of varying the times of heating at 100° and 
of altering the concentration of hydrochloric acid were observed 
in relation to the proportion of ether formed. With increasing 
concentration of hydrochloric acid, the proportion of ether formed 
passed through a maximum, and the amount of diphenylchloro- 
methane increased from zero at first, until, with concentrated acid, 
it became the main product of reaction. Conversely, when s-tetra- 
phenyldimethyl ether was boiled with concentrated hydrochloric 
acid, diphenylchloromethane was the main product, whereas with 
N/2-Sbcid no change occurred. Moreover, it was found in these 
experiments that when the products were distilled and then treated 
with hydrogen chloride, values for the chlorine content were obtained 
which were too low for diphenylchloromethane. This was doubt¬ 
less due to the decomposition of the original products of reaction 
on distillation, as in the case of the benzhydrol-diphenylmethyl 
ethyl ether mixtures (p. 2286). Thus Nef (loc. cit., p. 236) found 
that s-tetraphenyldimethyl ether on being heated at 300° decom¬ 
posed to benzophenone, diphenylmethane, and tetraphenylethane. 
In the present experiments, the products of distillation were not 
systematically examined except in the case of one experiment with 
s-tetraphenyldimethyl ether, in which diphenylmethane was isolated. 
The presence of this as a product of secondary decomposition would 
account for the anomalous chlorine results. When the products of 
the reaction between concentrated hydrochloric acid and benzhydrol 
or s-tetraphenyldimethyl ether were examined by methods avoid¬ 
ing distillation or heating at higher temperatures, no evidence 
was obtained for the formation of any substances other than 
diphenylchloromethane, benzhydrol, and s-tetraphenyldimethyl 
ether. 

Although the results find a complete explanation on the basis of 
Nef’s hypothesis, other interpretations may possibly be formulated. 
Thus assuming that diphenylchloromethane reacts in virtue of its 
ions as in (1)—(4), the kinetic results would then necessitate 



2288 


WABD : 


that (1) should be a time reaction and (2) and (3) extremely 
rapid. 

(1) CHPh 2 Cl—^CHPh 2 ‘ + Cl' 

(2) CHPh 2 * + OH'—^CHPlvOH 

(3) CHPh 2 * + OEt'—^CHPh 2 -OEt 

(4) CHPh 2 * + OCHPh 2 '—> {CHPh 2 ) 2 0 

Although an increase in the hydroxyl-ion concentration from about 
10 -8 (in 10% aqueous ethyl-alcoholic solution) to 0*176 (in the 
presence of sodium hydroxide) would thus greatly increase the 
velocity of (2), it would not affect the measured velocity, which 
ex hypothesi depends solely on (1). Also, from the equilibrium 
EtOH + OH'OEt' + H^O, an increase is seen to take place 
in the ethoxyl-ion concentration parallel with that in the hydroxyl- 
ion concentration, but the increased velocity of (3) would not 
influence the measurable velocity. Slowness of (1) and rapidity 
of (2) and (3) would be almost inevitably connected, since each 
represents the very slight tendency for the formation of CHPh 2 * 
ions. The same considerations hold concerning phenylmethyl- 
carbinol {loc. cit .). Should the reaction in this case proceed through 
the phase CHPhMe # , it must be assumed that this is capable of 
losing a hydrogen ion in order to account for the production 
of styrene. The halogen displacement from the triarylmethyl 
chlorides may be assumed to take place as in (1), but the hexa- 
aryldimethyl ethers have not been prepared by this method (com¬ 
pare Gomberg, J. Amer . Ghem . Soc. r 1913, 35, 200). In this 
connexion an examination of systems of the type CR 1 R 2 ’R 3 C1 
should provide valuable data. 

Experimental. 

Diphenylchloromethane was prepared from benzhydrol by means 
of hydrogen chloride in benzene solution (Boeseken, Bee. trav. chim ., 
1903, 22, 313; Montague, ibid., 1906, 25, 405) and was obtained 
as a colourless liquid, b. p, 158-5—159-5°/12 mm., which solidified 
to a colourless solid, m. p. 20-5° (Engler and Berthge, Ber., 1874, 
7 , 1128, give m. p. 14°, and Bdeseken gives m. p. 12—14°). It was 
kept in small sealed glass tubes, for turbidity developed rapidly in 
contact with the atmosphere. The chlorine was determined (i) by 
heating a weighed sample in aqueous ethyl alcohol and titrating 
the liberated acid with standard alkali until the colour change of 
the indicator (phenolphthalein) was permanent (Found : Cl, 17-64. 
Calc.: Cl, 17-53%), and (ii) by Stepanow’s method (Found : Cl, 
17-47%). In all subsequent analyses, the chlorine was estimated 
as under (i). 
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Diphenylchloromethane was also prepared by suspending a-tetra- 
phenyldimethyl ether (90 g.) in benzene (180 e.c.) and passing in 
a rapid stream of hydrogen chloride for 1 hour at room temperature. 
The ether dissolved completely and an aqueous layer formed; this 
was separated and the benzene solution dried by means of calcium 
chloride. The hydrogen chloride was removed in a current of 
carbon dioxide, and the product, b. p. 165-5°/15 mm., collected; 
yield, 88 g. (Found: Cl, 17*57%). Some tar remained in the 
distilling flask. 

Products of the Reaction of Diphenylchloromethane a.nd Ethyl 
Alcohol .— [a) Ethyl alcohol (250 c.c.), dried by refluxing and 
distilling over quick-lime, was added to diphenylchloromethane 
(5 g.). The solution was maintained at 25° for 5 days, free hydrogen 
chloride was then removed by means of potassium carbonate, and 
the alcoholic solution fractionated, 4*9 g. of liquid, b. p. 146— 
147°/9 mm., being obtained (Nef, loc . cit ., p. 234, gives b. p. 153°/15 
mm. for diphenylmethyl ethyl ether) (Found : OEt, 19*6. Calc, 
for diphenylmethyl ethyl ether: OEt, 21*2%), The product 
redistilled at 281°/766 mm. (Kostanecki and Lampe, Ber., 1906, 
39, 4019, give b. p. 288°) (Found : OEt, 19*2%). 

(6) Repetition of this experiment with 15 g. of diphenylchloro¬ 
methane and 500 c.c. of alcohol for 10 days gave 14*2 g., b. p. 115— 
11974 mm. (Found: OEt, 19*5, 19*4%). 

(c) Hydrogen chloride was passed through the liquid obtained 
in (a) at room temperature. Considerable heat was developed, 
and after some time separation into two layers took place. Calcium 
chloride was added, and after standing, the products, which remained 
heterogeneous, were distilled. On heating, appreciable charring 
and marked evolution of gas took place, the material then distilling 
smoothly, b. p. 156—158°/11 mm. (Found : Cl, 16*1. Calc, for 
diphenylchloromethane : Cl, 17 *53 %). 

(d) 5 G. of the product from (6) were dissolved in benzene (15 c.c.) 
and hydrogen chloride was passed in rapidly for 2 hours. Two layers 
were again formed and remained after drying by means of calcium 
chloride. The hydrogen chloride was removed in a stream of 
carbon dioxide, the benzene distilled under diminished pressure, 
and a colourless liquid obtained (4*2 g.), b. p. 120—121°/3 mm. 
(Found: Cl, 17*25%). Considerable dark brown gum remained 
in the distilling flask. 

Products of the Reaction of Diphenylchloromethane with Aqueous 
Ethyl Alcohol .— (e) A solution of diphenylchloromethane (5 g.) in 
ethyl alcohol (225 c.c.) and water (25 c.c.) was kept at 25° for 12 
hours, the water then removed by means of potassium carbonate, 
and the products distilled, giving 4*5 g. of liquid, b. p. 113—12073 
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mm., which redistilled at 281—288°/766mm. (Found : OEt, 17*8%), 
some charred material remaining in the distilling flask. The liquid 
was dissolved in petroleum ether and treated with hydrogen chloride 
as under ( c ) above, a fraction of b. p. 162—163°/16 mm. (Found : 
01, 16*58%) being obtained. 

(/) Ethyl alcohol (1125 c.c.), water (125 c.c.), and diphenyl- 
chloromethane (25 g.) were treated as in ( b) and gave 21-5 g., b. p. 
125—130°/3 mm. (Found: OEt, 17*3, 17*4%). Treatment of a 
sample (5 g.) as under ( d ) above, gave 4*4 g. of colourless liquid, 
b. p. 115°/1 mm. (Found: Cl, 17*22%). Some gum remained in 
the distilling flask. 

Products of the Reaction of Diphenylchloromethane with Aqueous 
Ethyl-alcoholic Sodium Hydroxide. — (g) Diphenylchloromethane (5 
g.) was dissolved in ethyl alcohol (225 c.c.) and aqueous 1*76^- 
sodium hydroxide (25 c.c.). The solution was kept at 25° for 12 
hours, dried, and the liquid distilled, b. p. 116—124°/3 mm.; yield, 
4*3 g. The products redistilled at 279—2857766 mm. (Found: 
OEt, 18*2%). After treatment with hydrogen chloride in benzene 
solution, the liquid distilled at 156—158°/11 mm. (Found: Cl, 
16*6%). This product was again treated with hydrogen chloride, 
but the chlorine content remained unchanged. 

{h) The water in Expt. (/) was replaced by the same volume of 
aqueous 2A'-sodium hydroxide and the same procedure followed; 
yield, 21*5 g.; b. p. 114—12173 mm. (Found : OEt, 18*2, 18*1%). 
A small amount of gum remained in the distilling flask. Treat¬ 
ment of a sample (5 g.) as under (d) above, gave 4*3 g. of a colour¬ 
less liquid, b. p. 121—12474 mm. (Found : Cl, 17*29%). A small 
amount of brown oil remained in the distilling flask. 

Reaction between Benzhydrol and Hydrochloric Acid .—In each 
experiment benzhydrol (o g.) and hydrochloric acid of the normality 
stated were heated in a pressure flask immersed in a bath of boiling 
water for the times shown in the following table. The products 
solidified on being poured into cold water, and the s-tetraphenyl- 
dimethyl ether and benzhydrol were then readily separated by 
dissolving the mixture in hot alcohol, the main bulk of the ether 
crystallising in a pure condition on cooling. Addition of a little 
water to the alcoholic mother-liquor precipitated a mixture of the 
ether and benzhydrol, which was separated into its components by 
a repetition of this process, whilst by the addition of the aqueous 
alcoholic solution to excess of water, the benzhydrol w&s obtained 
in a pure condition. The purity of the benzhydrol (m. p. 68°) and 
of the s-tetraphenyldimethyl ether (m. p. 110°) was checked in 
these and in all subsequent experiments by determining the m. p.’s 
both alone and when mixed with authentic specimens. In the 
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final experiment, no precipitate but only a turbidity was formed 
on adding the aqueous alcoholic solution to excess of water. 
In several of the preceding experiments, mainly those in which the 
higher concentrations of acid were used or in which the times of 
heating were longer, the total yield of ether and carbinol was lower 
than the theoretical, and in these cases the filtrate after separation 
of the benzhydrol was turbid, doubtless due to the partial formation 
of diphenylchloromethane, as shown in the following experiments. 

(i) Benzhydrol (5 g.) and oN -hydrochloric acid (75 c.c.) were 
heated in a pressure flask at 100° for 1 hour. The products on 
being poured into cold water solidified to a pasty mass. On the 
addition of petroleum ether (b. p. 40—60°), a white solid was at 
once obtained, which on crystallisation from alcohol gave s-tetra- 
phenyldimethyl ether (2-2 g.). Dilution of the alcoholic filtrate 
with water produced a turbidity only. The petroleum-ether 
solution was dried, and the solvent evaporated completely at room 
temperature, a pasty mass (2 g.; Cl, 7*7%) thus being obtained. 

(j) Benzhydrol (10 g.) was boiled under reflux with concentrated 
hydrochloric acid (100 c.c.) for 2 hours. The oil, which did not 
solidify on cooling, was extracted with ether, dried and distilled; 
b. p. 160—161°/15 mm.; yield, 7-85 g.; Cl, 15-4%. A black gum 
remained in the distilling flask. In a second experiment, with 
only 1 hour’s boiling, the following results were obtained: b. p. 
159—161°/14 mm.; yield 7*6 g.; Cl, 15-2%; whilst in a third 
experiment, the reaction being carried out in a pressure flask 
immersed in a bath of boiling water for 1 hour, 7*4 g. of product 
(Cl, 14*9%) were obtained. This was dissolved in benzene, saturated 
with hydrogen chloride, and on distillation gave a liquid, b. p. 
156—158°/I2 mm. (Cl, 14*7%). 

(&) Benzhydrol (50 g.) was boiled under reflux with concentrated 
hydrochloric acid (500 c.c.) for 2 hours. The cooled products were 
extracted with ether, dried, and the ether distilled under diminished 
pressure at room temperature. The oil (50 g.; Cl, 15*3%) so 
obtained was dissolved in some 250 c.c. of petroleum ether (b. p* 
40—60°), but no solid separated on standing. The petroleum ether 
was completely removed by distillation at room temperature, excess 
of water added, and the mixture maintained at 25° for 3 weeks with 
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occasional shaking. The displacement of the halogen at the end 
of this period was still incomplete, and the mixture was therefore 
gently warmed until no further acidity developed. On cooling, the 
products solidified to a hard mass, which was filtered, washed with 
water, and dried (yield 45*5 g.). Crystallisation from petroleum 
ether gave a crop of 41'6 g., yielding benzhydrol (20-9 g.) and 
s-tetraphenyldimethyl ether (20-3 g.). From the petroleum-ether 
liquors on evaporation at room temperature a solid (3-35 g.) was 
obtained; on recrystallisation from petroleum ether, this gave a 
product (2-5 g.) which was separated into benzhydrol (0*8 g.) and 
s-tetraphenyldimethyl ether (1*6 g.). The residual liquors on 
evaporation at room temperature gave a small amount of solid, 
from which 0*1 g. of the ether was separated, and a yellow oil 
(ca. 0*5 c.c.) which completely decomposed on attempted distillation. 

Beaction between s-Tetraphenyldimethyl Ether and Hydrochloric 
Acid. — (l) s-Tetraphenyldimethyl ether (10 g.) and N /2-hydro- 
chloric acid (150 c.c.) were boiled under reflux for 8 hours. Solid 
was present all the time and 9*9 g. of ether were recovered. 

( m) s-Tetraphenyldimethyl ether (50 g.) and concentrated hydro¬ 
chloric acid (500 c.c.) were boiled under reflux for 1 hour. The 
products were cooled, extracted by ether, dried, and the solvent 
was removed on the water-bath. During the heating, the liquid 
darkened considerably (Found : Cl, 6-54%). The products on 
inoculation with s-tetraphenyldimethyl ether solidified to a stiff 
paste, which was filtered and washed with petroleum ether (b. p. 
40—60°), 5-tetraphenyldimethyl ether (10-5 g.) being thus obtained 
pure. The filtrate was distilled under diminished pressure, b. p. 
145—I70°/12 mm.; yield 25 g. (Found : Cl, 10-5%). A consider¬ 
able amount of dark brown gum remained in the distilling flask, 
but the only product which was separated from this was s-tetra- 
phenyldimethyl ether (1*7 g.). The above distillate (25 g.) was 
boiled with water for \ hour (reflux), but remained liquid on cooling. 
Addition of petroleum ether yielded a solid (6*7 g.) which gave 
benzhydrol (5-9 g.) and a-tetraphenyldimethyl ether (0*4 g.). The 
petroleum-ether solution was dried and distilled; b. p. 146— 
160°/14 m m .; yield, 10 g. A considerable amount of oil, which 
solidified to a hard mass, remained in the distilling flask, and this 
on crystallisation from alcohol gave s -tetraphenyIdi methyl ether 
(3 g.). Phenylhydrazine (7 g.) and alcohol (20 c.c.) were added to 
the distillate (10 g.) and the solution was refluxed for 9 hours, 
but even on cooling it remained homogeneous, thus showing benzo- 
phenone to be absent. Excess of dilute hydrochloric acid was added 
and the products were distilled in steam; a pleasant-smelling oil 
was obtained, which was extracted with ligroin, dried, and distilled, 
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giving fractions (1) b. p. 129—135°/11 mm., 2 c.c.; (2) b. p. 135— 
155°/11 mm., 4 c.c.; a small amount of liquid remained. An 
authentic specimen of diphenylmethane distilled at 129—130°/11 
mm., and remained liquid for a considerable time after distillation, 
but on seeding solidified to a hard mass of long, colourless needles. 
Fraction (1) was similarly treated, and its behaviour was identical. 

(n) s-Tetraphenyldimethyl ether (50 g.) and concentrated hydro¬ 
chloric acid (500 c.c.) were boiled under reflux for 4 hours. The 
cooled products were extracted by ether, dried, and the solvent 
was removed under diminished pressure at room temperature 
during 7 hours; yield 47*5 g. (Found : Cl,. 12*4%). The addition 
of petroleum ether caused a colourless solid (6*2 g.) to separate on 
standing, giving s-tetraphenvldimethyl ether (5*7 g.) and benzhydrol 
(0*25 g.). The petroleum ether was removed under diminished 
pressure at room temperature, and the colour of the products 
darkened, although to a very much less degree than in the pre¬ 
ceding experiment ; yield, 40*5 g. (Found: Cl, 14*2%). The 
replacement of the halogen was carried out exactly as in the corre¬ 
sponding benzhydrol experiment, a colourless, crystalline solid 
(37 g.) being obtained. On crystallisation from light petroleum, 
this gave a crop (31 g.) which yielded 5 -1etraphenyldimethy 1 ether 
(11 g.) and benzhydrol (19*5 g.). On evaporation of the liquors 
at room temperature a pasty solid was formed, which was washed 
with petroleum ether; 3*5 g. remained, yielding 3*3 g. of 5-ether. 
The liquors on evaporation gave 2*3 g. of oil, which, since it still 
contained diphenylchloromethane, was boiled with water; on 
cooling, it solidified to a pasty solid, from which were separated 
5-ether (0*7 g.) and benzhydrol (0*8 g.), whilst the distillate from 
the small quantity of residual oil was insufficient for further 
examination. 

Kinetic Experiments. 

In the following experiments, a weighed amount of diphenyl¬ 
chloromethane was dissolved in ethyl alcohol (prepared by refluxing 
and distilling commercial absolute alcohol over quick-lime); the 
required amounts of water (by volume) and of sodium hydroxide 
or sodium ethoxide solutions were added, at the temperature of 
experiment, and the volume in each case was made up to 100 c.c. 
with ethyl alcohol. The method of experiment was that described 
previously ( loc . cit ., p. 455) and the results are expressed as before, 
except that titrations refer to 10 c.c. of solution against alcoholic 
sodium hydroxide (A/20) or alcoholic benzoic acid (A/20). In 
each case k is calculated from the formula k = 2*3 jt . log 10 aj(a — x) 
for a unimolecular reaction, t throughout being expressed in minutes, 
and a being based on the first tjtre. Typical experiments shoydng 
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the extent of the variations amongst the individual values of h are 
given (1 and 2), and the complete results are then summarised. 

(1) Diphenylehloromethane, 0*0906 mol./l.; water, 10% (by 
vol.); temp. 25*0°. 


2. 

Titre. 

Jc. 

t. 

Titre. 

k. 

4 

1*47 

_ 

64 

15*23 

0*0294 

14 

5*87 

0*0307 

84 

16*60 

0*0301 

24 

8*87 

0-0294 

144 

17*94 

— 

44 

13*01 

0*0296 

1350 

18*09 

— 

(2) Diphenylehloromethane, 0*0818 mol./l.; sodium hydroxide. 
*0880 mol./l.; water, 10% (by vol.); temp. 25*0°. 

t . 

Titre. 

h. 

t. 

Titre. 

h. 

3 

15-98 

— 

63 

3-46 

0*0301 

13 

12-32 

0*0280 

83 

2-46 

0*0291 

23 

9-40 

0*0289 

279 

1*06 

_ 

43 5-62 

(3) Temp. 25-0°. 

0*0294 

1260 

1-00 



CHPhjCI 

Water 

NaOH 

NaOEt 


(mol./l.). 

(% by vol.). 

(mol./l.). 

(mol./l.). 

) b. 

0-0696 

— 

— 

— 

0*00341a 

0-0781 

— 

— 

— 

0-00349 

0-0974 

— 

— 

0-1297 

0*00345 

0-1167 

- . 

— 

0-2407 

0*00354 ' 

0-1069 

— 

— 

0-2315 

0*00343 

0-0733 

— 

0-0914 

_ 

0*00395/ 

0-0764 

1 


— 

0*00468 

0-0966 

2 

fc — 

— 

0*00638 

0-1054 

5 

# — 

__ 

0*0115 

0-0906 

10 

1 — 

_ 

0*0298^ 


0-0776 

10 


_ 

0*0294 


0-0818 

10 

0-OS80 

_ 

0*02911 


0-0811 

10 

0*0880 

_ 

0*0293 j 

- 

0-0878 

10 

0-1760 

_ 

0-0272 


0-0846 

10 

0-1760 

_ 

0*0277/ 


0-0795 

20 

— 

— 

0*103 

(4) Temp. 35-0°. 




CHPh 2 Cl 

Water 

ttaOH 


Temp, coeff. 

(mol./l.). 

(% by vol.). 

(mol./l.). 

k. 

(10°). 

0*0828 

— 

_ 

0-0101) 


0-0867 

— 

— 

0-0101 V 

2*98 

0*1942 

— 

— 

0-0104; 


0*0980 

• — 

0-0982 

0*0117\ 


0*0818 

— 

0*1848 

0-0116 J 

2-95 


Summary . 

(UThe displacement of the halogen from diphenylehloromethane 
at 25° in ethyl-alcoholic solution (lime-dried) and in aqueous ethyl- 
alcoholic solutions, both alone and in the presence of sodium hydr¬ 
oxide, yields a mixture of diphenylmethyl ethyl ether (main product) 
and benzhydrol. 
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(2) The velocity coefficients obtained for this displacement in 
ethyl-alcoholic solution alone, and also in the presence of sodium 
hydroxide and of sodium ethoxide, at 25° and at 35°, are those of 
a unimolecular reaction, the sodium hydroxide, sodium ethoxide, or 
their ions playing no direct part in the halogen displacement. 
Similar results are obtained in aqueous-alcoholic solutions. 

{3} Benzhydrol gives s-tetraphenyldimethyl ether in good yield 
on being boiled with dilute hydrochloric acid. With increasing 
concentration of acid, the yield of s-tetraphenyldimethyl ether 
passes through a maximum, and the yield of diphenylchloromethane 
rises, becoming the main product of the reaction when concentrated 
acid is used. 

(4) s-Tetraphenyldimethyl ether is unchanged on boiling with 
Nj2 -hydrochloric acid, but with concentrated acid it is largely 
converted to diphenylchloromethane. Diphenylchloromethane may 
be prepared readily in a pure condition and in good yield by the 
action of hydrogen chloride on s-tetraphenyldimethyl ether suspended 
in benzene. 

(5) The experimental evidence under (1), (2), (3), and (4) is in 
accordance with the hypothesis of Nef that the reactions proceed 
through a phase CPh 2 <, in which but two groups are momentarily 
attached to carbon. An alternative mechanism involving the 
CH3?h 2 # ion is also discussed. 

The author wishes to record his thanks to Drs. Senter and Barrow 
for their valued interest in this work. 

Bieebeck College, 

Univebsity of London, E.C. 4. [Received, August Uh, 1927.] 


CCCVII .—The Determination of Dissociation Constants 
of Dihydric Mono- and Di-nitrophenols Electro- 
metrically and Colorimetrically. 

By Frank Lathe Gilbert, Frank C. Laxton, and Edmund 
B. Br. Prideatts. 

The conductivities were determined by the Kohlrausch method in 
a gas-regulated thermostat which was maintained at 25-0° -j- 0-05°. 
The cell constant, as determined by solutions of N /10- and N /100- 
potassium chloride and saturated calcium sulphate, was 0-298. 
The conductivity water had a specific resistance of 4—5 x 10~ e 
reciprocal ohm. The conductivities were corrected for that of the 
water by the usual method (Ostwald and Luther, “ Physioo- 
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chemical Measurements ”) at the highest dilutions, when necessary. 
The trustworthiness of the apparatus was tested by determining 
the conductivity of acetic acid, with the following results : 

Atv = 16 32 64 128 266 

K x 10« = 18*33 18*56 18-47 18*36 18*50 

The colorimetric measurements were carried out in a small colour 
•comparator, in daylight, and in the manner already described 
(J., 1924,125, 2110; 1925,127, 2499). 

The Preparation and Properties of the Compounds , and the Deter¬ 
mination of their Constants . 

2 : Q-DinitroquinoL —The preparation and properties of this 
compound have already been described (J., 1924, 125, 2110). The 
dissociation constant determined by Bader (Z. physikaL Chem ., 
1890, 6, 287), when multiplied by 10~ 2 in order to render it com¬ 
parable with the more usual mode of expression, was 0-7 X 10~ 4 , 
at dilutions from 200 to 1600. Bader’s value of X 0 , translated into 
modern units, is 376, whereas we find that Xg of the dinitro-acid is 
380. It was decided to repeat the measurements of this compound 
for this reason and for others, among which were the circumstances 
that it was evidently sensitive to catalytic oxidation and that the 
purity of some of Bader’s preparations had been questioned by 
subsequent workers (e.g. 3 Walker and Cormack, J., 1900, 77, 5). 

Solutions freshly made from the calculated weights of either the 
hydrated or the anhydrous compound were found to have the 
same conductivities. When they were allowed to stand in contact 
with the electrodes for some time, the colour changed from red to 
yellowish-brown, the conductivity altered, and the characteristic 
purple colour then no longer appeared on the addition of alkali. 
These changes are probably due to oxidation. The colour also 
changed when hydrogen was passed over the electrode, and finally 
a black precipitate appeared; thus reduction also probably takes 
place. Solutions were freshly made for each deter mina tion of 
conductivity, the dilutions being performed outside the cell, because 
it was soon evident that these changes in their first stages were 
accompanied by a diminution in the resistance in the more dilute, 
as well as in the more concentrated, solutions. Three independent 
senes of measurements were first made, and the constants calculated 
in the usual manner. 




First 

series. 


Second series. 

Third 

series. 

V =B 

184 

36S 

736 

1472 

203 406 812 

562 

1124 

A = 

60*2 

70*0 

81*8 

101 

66-6 76-8 85-8 

74 

93*2 

JC X 10* = 

1*62 

M3 

O'SQ 

0*6,55 

1-83 1-26 0'81 

0*83 

0*71 
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In the fourth series, measurements were made after 20, 40, and 
60 secs., and the readings were extrapolated to zero time; for 
instance, in one case the resistances of the solution in the cell 
were 1975, 1940, and 1920 ohms, respectively. Hence, at zero¬ 
time the resistance was 2010 ohms and the constant 1-72 X 10” 4 . 

v = 221 442 884 1768 

A = 67-2 80 89-5 106*5 

a = 0*177 0*211 0*236 0*280 

K X 10 4 = 1*72 1*27 0*824 0*614 

There is thus an undoubted diminution of the constant with 
dilution, in the direction usually observed in the case of acids of 
medium strength, although 2 : 6-dinitroquinol is not sufficiently 
strong to be included in this class, which might, however, include 
the strongest of the acids investigated. In the case of 2 : 6-dinitro¬ 
quinol, we suspect that the anomalous behaviour is connected with 
the transition into the second, or red, quinonoid form, for, at the 
p R produced by the dissociation of the compound itself in water, 
this transition would have proceeded to a considerable extent. 
Pending an explanation, we have adopted a mean constant of 
1 X HH, px = 4*0 ± 0*2, for comparison with the other compounds. 

3: 5-Dinitropyrocatechol. —This compound, as previously described 
(J., 1925,127, 2499), appears as bright yellow crystals, m, p. 164°. 
The conductivity of the solutions did not alter on standing in 
contact with the electrodes. Three series of readings gave : 

Atv = 890 1010 1010 1780 2020 2020 3560 4040 4040 

A = 149*5 162*5 160*0 190 204 200 228 243 243*5 

Kx 10* = 2*88 3*17 3*09 2*80 3*10 2*92 2*54 2*8 2*8 

The mean value of K is 2*9 X 10" 4 , p K = 3*54. 

2 : 4c-Dinitroresorcinol. —2 : 4-Dinitrosoresorcinol, prepared accord¬ 
ing to the method of Pitz (Ber. } 1875, 8, 631), was treated with 
cold concentrated nitric acid (Kostanecki and Feinstein, Her., 1888, 
21, 3121) in a freezing mixture to minimise the formation of styphnic 
acid, any of which was removed by shaking with a large quantity 
of water. The nitro-compound appeared as light yellow crystals, m. p. 
142°. The solution was quite stable in contact with the electrodes. 
Two series of measurements were made, in each of which a distinct 
diminution of the constant with increasing dilution was observed, 
Since this is by far the strongest acid of the series, we consider that 
this diminution may be due to the same causes as that found in the 
case of acids of medium strength. 

First series. Second series. 

v = 190 380 760 1520 3040 6080 240 480 960 1920 7680 

A = 129 162 200 236 262 265 141*5 177 215 248 273 

Kx 10 4 = 9*22 8*43 8*47 6*74 5*05 4*70 9*29 8*47 7*73 6*44 2*69 

In accordance with the usual practice, we have excluded values 
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obtained at a degree of primary ionisation greater than 0*5 (v> 700). 
The mean value of K is 8*85 X 10" 4 , Pr = 3*05. 

The compound is colourless in acid solution, and full yellow from 
about p R 6-65. There is no further colour change in more strongly 
alkaline solution up to p E 12. The colorimetric degrees of trans¬ 
formation were investigated by the methods which are described 
in the two former papers (loc. cit). The values were found, how¬ 
ever* to vary with the p K of the standard buffer solution containing 
the partly transformed compound, thus 

= 3*69 3*37 4*2 

p K = 4*09 3*85 4-3 

None of the other compounds investigated shows such variations. 
The colorimetric constant can therefore only be roughly defined as 
3*9 ± 0-4—the mean of many determinations at various concen¬ 
trations. The colour change is very gradual; thus no difference in 
colour between solutions of p K 4*77 and 5*07, each containing 
8 drops of M /20-solution of the compound (in alcohol), can be 
detected by visual matching. 

4: 6-Dinitroresorcinol. —This compound, prepared as already 
described (loc. cit., 1925), forms yellow prisms, m. p. 214*5°. It is 
the least soluble of all the compounds investigated. The solutions 
were quite stable when in contact with the electrodes. The bridge 
settings were not quite so accurate at these high dilutions and 
resistances. The last value was not used in calculating the con¬ 
stant, since the corresponding degree of ionisation was 0*68. 

v = 2560 5180 5180 10,360 

A = 163 198 188 257 

K x 10 4 = 1-22 1*09 0-94 1-39 

The mean value of K is 1*05 x 10” 4 , pg = 3*98. 

The solubility of the compound was found to be 0*0781 g. per 
litre by means of a conductivity titration, using a method which 
we hope to describe in a further communication. 

The mobility of the dinitro-anion was determined by means of 
the monosodium salt. An 2V761*9-solution (v x = 61*9) was diluted 
in steps of 2, the corresponding values of *i» etc., being treated by 
the well-known formula derived from the graph of X and ^fC in order 
to obtain \ (Kohlrausch, “ Das Leitvermogen der Elektrolyte ”). 

* Aj A 4 Ag Ajg Aon 

68*4 72*1 74*9 76*75 78*6 79*9 

Hence Xq = 2x g — X x = 85*1, etc.; the mean value was 85*0. 
The same results were also treated by the method of Ferguson and 
Vogel (Phil. Mag 1925, 50, 971). In the equation 

log 8X = n log G — log JB(1 — j* 1 }, 
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in which C is the concentration, 8X the difference in X brought 
about by the dilution in the common ratio “ r ” (in this case 2), 
the constants n and B were found to be n = 0*437, B = 90*9. 
Hence \ from the individual values of SX was 83*08 (82*8 — 83*2). 
The compound therefore behaves quite normally like a salt of a 
strong base and a strong acid. For several reasons we have pre¬ 
ferred the value of Xq as given by the usual method. Combining 
this with the limiting mobility of Na* =51, we find that of the 
anion to be 34, and that of the free monobasic acid 381. 

Nitroquinol .—The sample consisted of dark red crystals, m. p. 
128° ( loo . cit. , 1924). The solutions, like those of dinitroquinol, 
changed in conductivity on standing in contact with the electrodes. 
Dilutions were therefore made outside the cell, and measurements 
were taken quickly. The two values of X refer to two experiments 
at each dilution. The conductivity can be restored to nearly its 
original value by passing hydrogen over the electrodes. 

® = 127 248 254 496 508 

A » 4-2 (4*74) 6-07 (6-31) 5*7 (7*25) 9-S8 (10-2) 7*06 (7-74) 

Kx 10* = 0-981 M3 0-92 1-41 0-701 

The values in brackets are given as showing the variability 
introduced by a slight delay in taking measurements. The constant 
is calculated from the lowest values of X in each case. The mean 
constant is 1*01 x 10“ 6 , p K = 6*0. 

Z-NitropyrocatechoL —This was prepared by a modification of the 
method of Weselsky and Benedickt (Monatsh., 1882, 3, 386). 
The mixture of the 3- and 4-isomerides with unchanged pyro- 
catechol was distilled with steam. The distillate, containing the 
pyrocatechol and the 3-isomeride, was extracted with ether. The 
residue from this extraction was further extracted with boiling 
light petroleum. The 3-isomeride was obtained as bright yellow 
needles, m. p. 86°. Solutions kept in contact with the electrodes 
change in conductivity: the change is accelerated by passing 
o^ygsu and retarded by passing hydrogen. The precautions 
already mentioned were taken. 


First series. 

v ~ 65-4 130-8 261-6 523-2 

A = 4-15 6-08 7-42 10-3 

K X 10« = 1-87 1-99 1-50 1-45 


Second series. 
184 736 

61 17*4 

1-46 3-01 


The mean value of K is 1-88 x 10' 6 , p x = 5-73. 

The compound is colourless in acid solution, and full yellow at p a 
7-8 —10-0. At higher values of p s , there is a second change, to 
red-brown, becoming purple at about p s 13—14. The colorimetric 
constants were determined by the methods already described: 


i Z = 1 X 10- 5 , p K% = 4 95; a K e = 0-93 x KH 1 , p £t = 1103. 
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4-Niiropyrocatechol .—The method of Weselsky and Benedickt 
gives a product mixed with tarry matter. A more satisfactory 
method is that of Benedickt ( Ber ., 1878, 11, 362). The product 
when recrystallised from hot benzene is light brown, m. p. 173°. 
The conductivity of the solutions increased when they were in 
contact with the electrodes; the lower value of X was therefore 
used in calculating the constants. 

v = 48*1 51*5 96-2 192-4 384-8 

A = 1*51 (1-77) 1-72 1-97 (2-14) 2-25 (2-49) 5-22 (6*00) 

K x 10 7 = 3-33 4-05 2-83 1-85 5-02 

The mean value of K is 3*52 x 10” 7 , = 645. 

The compound is faintly yellow even in acid solution. It changes 
to red and ultimately to purple with increasingly alkaline solutions. 

The constant of the first colour change was determined as already 
described. The second colorimetric constant was determined by 
comparison of a tube containing 5 drops at 7-25 (full yellow) 
behind one containing 5 drops at 13*76 (red) with one containing 
10 drops, which matched whenwas adjusted to 10*96. In another 
experiment, 8 drops of the solution of 4-nitropyrocatechol in a 
known (10*64), were matched by 2 drops (in red solution) plus 6 
(in yellow). The mean constants are K x = 2-8 x 10~ 6 , p Kl — 5*56; 
K 2 = 1*1 x 10” n , = 10*96. An AT/20-alcoholic solution was 

used. * 

2-Nitroresorcinol .—The method of preparation and the deter¬ 
mination of the colorimetric constants have already been described 
(Zoe. cit., 1925). The compound appeared as bright red crystals 
which melted sharply at 83*5°. Since the compound and its sodium 
salt are quite stable in solution, the latter was used in the deter¬ 
mination of the mobility of the mononitro-anion, in the manner 
described above. Solutions were diluted in the cell, each dilution 
being two-fold, and the initial dilution, corresponding to, A x , 
being 33-8. 

Ai A* A 4 A a A 18 A 32 

66-2 69-7 72*9 75*9 77*1 78-8 

Hence ^ = 2x s — A 1 = 85*6, etc., the mean of the values of X 0 
being 84-9.* 

* The degree of hydrolysis is inappreciable at all dilutions except the 
highest (v ■= ca. 1000). Taking K as 1*6 x 10“®, we find by the usual formula 
that the degree of hydrolysis is 2*24 x 10“ 3 . The difference between A„ of 
sodium hydroxide and the sodium salt of the acid is 192 — 33-5 = 158-5. 
Therefore, if these two electrolytes were equally dissociated, the repression 
of the hydrolysis would diminish the value of A by 

(2*24 X 10"* X 158-5) X 78*8/85 = 0*33. 

Hence A** — 78*47 and 2A 3a — A 4 = 84*05. 
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The graph of X against G gives X 0 as 84—85, and we use 84*5 
as the most probable value. Hence the mobility of the anion is 
33*5, and \ of the free acid is 380*5. The conductivity of the 
acid remained constant when the solutions were kept in contact 
with the electrodes. 


First series. Second and third series. 


V = 

700 

1400 

288 

349 

576 

1152 

A = 

12*5 

17*8 

7*85 

8*5 

11*45 

15*75 

K X 10* » 

1*65 

1*67 

1*53 

1*48 

1*65 

1*56 


The mean value of K is 1*59 X 10~ 6 — 5*80), which is only 

about ^ of that found by Bader (1*29 X 10" 5 ). 

The preparation showed all the usual criteria of purity, however, 
and the solutions were made up with the usual precautions. 

4:-Nitroresorcinol. —4-Nitrosoresorcinol, prepared according to 
Henrich (Ber., 1902, 35, 4193), was oxidised with alkaline hydrogen 
peroxide (Borsche and Berkhout, Annalen, 1904, 330, 106). In 
order to obtain any yield at all, it is essential (a) that the hydrogen 
peroxide should be not weaker than 3%, and (6) that the solution 
should be kept alkaline as long as possible, i.e after the reaction 
is over it must be kept boiling for at least | hour and concentrated 
to a convenient bulk, then acidified, and extracted with ether. 
The product after recrystallisation from hot water is the semi¬ 
hydrate, yellow crystals, m. p. 82°. It may be quickly dehydrated 
at 70° giving the anhydrous compound, m. p. 115°. 

First series. Second series. 


v = 

69 

138 

186 

372 

744 

A - 

3*11 

4*37 

5*56 

7*35 

11*08 

K X 10« = 

0*98 

0*97 

1*16 

0*99 

1*11 


The mean value of K is 1*04 x 10~ 6 — 5*98), which agrees 

fairly well with Bader’s value, 1*2 x 10 -6 . 

The compound is colourless in acid solution, and completely yellow 
between 9 and 10. There is no further change in colour in more 
alkaline solution. The mean value of the first, and only, colori¬ 
metric constant is K x — 1*55 x 10' 9 , p K = 8*81. 

Discussion of Results. 

It was not expected that the constants of compounds which 
undergo tautomeric changes would be as uniform as those of normal 
electrolytes; these changes are probably the cause of the “ drifts ” 
which were found in several cases. The irregularities which are 
found in some cases have been already traced to irreversible or only 
partly reversible changes brought about by the catalytic activity 
of the electrodes. The constant of the somewhat similar, although 
less sensitive, ^nitrophenol has been found by HoUeman 
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trav. chim., 1902, 21, 432) to vary between 6*1 and 7*3 X 10~ 8 , 
while Hantzsch gives 9*6 X 10 -8 . We have tested the constants 
over all available dilutions. In Table I the first dissociation 
constants are represented by K e in order to distinguish them from 
the colorimetric constants—first, X K C ; second, 2 K Ci and third, Z K C . 
The compounds have been arranged in each group as far as 
possible in the order of diminishing first dissociation constants, 
K e . Some of these, however, can be regarded as practically 
identical, in view of the probable errors mentioned above. The 
mononitrodihydric, like the mononitromonohydric, phenols are 
about equal in strength, but the dinitro-compounds, like the dinitro- 
phenols, show a considerable difference in this respect. It is, 
however, in the relation between K e and the K e values that both 
mono- and di-nitro-dihydric phenols show the greatest individuality: 
so much so that a single conductivity measurement, combined 
with a colorimetric determination in a solution of known would 
serve to distinguish each compound quite clearly. 

In Table I, the constants of the nitrophenols are given for com¬ 
parison, the values of K e being due to Holleman {be. cit.) and those 
of K e to Michaelis and Gyemant (Biochem. Z., 1920, 109, 166). 
The fourth, fifth, and sixth columns give the constants of the 
tautomeric changes into the yellow, then the red, and purple forms 
(if any). The figures in the third column assign each compound 
to its predominant tautomeric form (Ph. = phenolic; Qu. = 
quinonoid) and attempt to define its strength as an acid dissociating 
in this form (K/). 

The experimental constants summarise the equilibria between 
the tautomeric forms, and HMg, and the products of their 
dissociation. In the equations, HM X stands for the phenolic acid 
(Ph.), H0*R*N0 2 , and HM 2 for the quinonoid or aci-form (Qu.), 


o:r:nogh : 

r JgiiS 
[HM 1 +.HMJ 


and 


,, _ [H1HM, + M'J * 
c ~ [HMi + M'J 


* K t and K e are the <e apparent ’* constants, due to the two forms present 
together, and obtained by electrometric and colorimetric measurements, 
respectively. Experim en tal results show that these measurements do in 
many cases give “ mass-action ” or Ostwald constants, which do not vary 
more than those obtained in the case of some of those acids having no 
tautomeric forms. The expressions for K a and do not, however, imply 
constancy unless there are other constants regulating the equilibria between 
the tautomeric forms, as has been shown by Noyes Amer. Ghem. Soc. t 
1910, 32, 815; see also Prideaux, “ Theory and Use of Indicators,p. 129, 
Constable, 1917), The drift in the case of some constants may be due to 
the fact that the equilibria between the tautomeric forms do not obey the 
law of ** m a ss ” or concentration action. We have not yet been able to 
devise a method of testing this hypothesis. 
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Table I. 




KS, 


2 ^0» 

A 

Compound. 

as pk. 

as pr . 

a,spR. 

as pr . 

as pr. 

Mononitrophenols. 






2 -Nitrophenol . 

.. 7-17 ' 

7-04 (Qu.) 

6-05 



4- „ . 

.. 7-19 


7*2 



3- ^ . 

.. S*0 


8*35 



Dinitrophenols. 






2 : 6-Dinitrophenol . 

.. 3*57 


3*70 



2:4- „ . 

.. 4-0 


4-06 



2:3- „ . 

.. 4*89 





2:5- „ . 

.. 5-16 


5*16 



3:4- „ . 

.. 5-37 





3:5- „ . 

.. 6*68 





Dihydric mononitrophenols. 






3 -Nitropyrocatechol. 

.. 5*73 

5-55 (Qu.) 

4-95 

11*03 

High 

2 -Nfitroresorcinol .. 

.. 5-80 

5-80 (Qu.) 

Low 

6*34 

— 

4- ff .......... 

.. 5*98 

6-98 (Ph.) 

8*81 

— 

— 

2 -Nitroquinol . 

.. 6-00 

6-00 (Qu.) 

3*25 

7*2 

10*2 

4 -Nitropyrocatechol. 

.. 6-45 

6-30 (Qu.) 

5-56 

10*96 

— 

Dihydric dinitrophenols. 






2 : 4-Dinitroresorcinol 

.. 3*05 

3-3 (Ph.)* 

3-9±0*4 

— 

— 

3 : 5-Dinitropyrocatechol 

3*54 

3-14 (Qu.) 

3*25 

10*3 

High 

4 : 6-Dinitroresorcinol 

.. 3-98 

4-60 (Ph.) 

4*22 

— 

— 

2 : 6-Dinitroquinol . 

.. 4*00±0*2 

3-3 (Qu.)f 

2*8 

5*2 

9*05 

* a = 0*4 0-5 0-7 

Pk / “ 3*21 

3*24 3*47. 



f a= 0-177 0-2U 0-236 0-280 

Jjjr/ = 2-96 3-13 

3*43 

3*64, 


Thus the constant K c measures the tendency of the compound 
to undergo the tautomeric change under the influence of diminish¬ 
ing hydrogen-ion concentration, whether this change takes place 
in the undissociated molecule or in the ion. The constant K e 
contains the molecules and ions which take part in the dissociation 
of the first hydrogen ion from both the tautomeric forms. Although 
neither of the two true dissociation constants can be deduced from 
K e by a rigid algebraic proof, yet by taking into account numerical 
relations, on the assumption that the colorimetric constant gives 
correctly the relative amount of coloured form, HM 2 + M' a , the 
true dissociation constants of HM 1 or HM 2 may be obtained. The 
following is an outline of the reasoning and calculations by which 
these true constants (column 3 in Table I) were derived. 

Where K e is much greater than K 0 , it is practically identical 
with the true dissociation constant of the phenolic acid. On the 
other hand, where K e is much less than K c> it is practically identical 
with the true constant of the quinonoid acid. Where K e = K Ci 
the original Ostwald theory of indicators must be used, since 
ionisation proceeds pari passu with tautomeric change. Where 
K € and K c are of the same order, but not too close to one another, 
the true constants may be calculated as described below. The 
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limiting ratios of K e to K e at which such calculations become 
necessary will depend on the accuracy with which the original 
constants are defined by the experimental work. 

If K e > lOO-S'c, K e is the constant of the phenolic acid, for even 
at a degree of ionisation a = 0*8, the amount of the coloured 
tautomeride is negligible. In the case of the mononitro-compounds, 
the degree of ionisation does not exceed 0*05 at the highest dilutions 
investigated. In the case of the dinitro-compounds, we have not, 
in determining the constants, taken into account degrees of ionis¬ 
ation exceeding 0*5, since, according to the usual estimate, the 
secondary ionisation of a dibasic acid may begin to be appreciable 
at this degree of primary ionisation. 

Even at much lower ratios of K e /K Ci the true constant of the 
phenolic acid, K' e , is not far from the observed constant, K e . The 
correction of K e to K' e will be greatest if all the quinonoid tauto¬ 
meride is present as ion, and we will make this assumption. The 
total ion concentration is M' x + M' a and this is equal to + x 9 
if x is the degree of transformation (of total compound) into M' 2 . 
Suppose that the ratio K e /K c is 20, and that the conductivity is 
determined at a degree of dissociation of 0-25; then 

(l-x)/x = [W]jK c .(1) 

in which x is the degree of colour change, and 

(1 - «)/a = [HT/li.(2) 

in which a is the degree of ionisation. 

Therefore, on the above assumption, 

[H*] = 1 - «)/a = 3 K e and z = I/[I + 3Z e /IQ = 1/61 

Also Z{W 1 + 1/61) - {1 - W x - 1/61), 

therefore M' x = 0*233, and the true constant of HM 1} K’ e = 
0*233[H*]/0 75 . 

or Kf = 093 K e ; since K e — 0-25[H']/0*75. 

Correction of the Constant of the Phenolic Acids .—When the ratio 
K e jK c is still lower, the observed constant may be corrected for 
the presence of the ion of the quinonoid form. Brora the con¬ 
ductivity results we select one or more values of a. Then = 
+ log a/(l — a). By introducing the corresponding value of 
[H ] into the equation log (1 — x)[x = p Ke — p H , the value of x is 
obtained. * 

ITow since x = W % , W 1 ■= a — x> and BM 1 = 1 — a, 
therefore p x , 0 = p fl — log (a — x) + log (1 — a) . . (3) 

Correction of the Constants of the Quinonoid Acids .—If K c is greater 
than the observed electrolytic dissociation is mainly that of the 
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quinonoid form. The most natural assumption, and that which 
requires the largest correction of the observed constants, is that 
all the ion consists of M' 2 , the remainder of the quinonoid form 
being present as HM 2 . The true constant K' e of this form can be 
determined by a simple calculation. Selecting a degree of trans¬ 
formation x (e.g. } 0-8), we calculate the corresponding value of 
[H*] from equation (1) above. Then substitute this in equation (2), 
and calculate a and hence also x — a from the equation log (1 — a)/a 
= — Pr- 

Thus in the case of 3-nitropyrocatechol, when x = 0*8, p n = 5*55, 
oc = 0*402 at this p u , and x — a == 0*398. Hence 

Pr. = 2>h + log (x — a)/a = 5-54 ... (4) 

In calculating a from equation (2) in cases where K e shows a 
trend, that value of p Ke is used which corresponds according to the 
conductivity results to each value of a. In these cases, the corrected 
constant also shows a trend. 

Orientation and Polarity. —The orientation of the compounds 
tabulated can be regarded as exerting influence upon (I) the strengths 
of the phenolic acids, (2) the strengths of the quinonoid acids, and 
(3) the colorimetric constants of the tautomeric changes. The 
two principal aspects of orientation which have received most 
attention are (a) the propinquity of substituting groups, the well- 
known effects of which have long been systematised without any 
hypothesis as to mechanism; and (b) the alternation of substituting 
groups, the effect of which is intelligible on the electronic theory of 
valency. 

It should be possible to explain the order of the constants which 
represent (1), (2), and (3) in a quantitative manner, by the principles 
(a) and (6). The residual charges, detected by Lewis’s method in 
the electronic formulae for *N0 2 (LoWry, Tram. Faraday Soc., 1923, 
18, 285), cause it to act as a key radical in maintaining the polarity 
of a conjugated system. The nitrogen atom, on account of its 
mixed bond in \N0 2 (0=N-—>0), assumes a virtual positive charge 
and confers a virtual negative charge on the carbon atom to which 
it is attached, and this by alternation of the mean directions in 
which the electrons oscillate or vibrate, strengthens the virtual 
negative charges on the carbons in the 3- and 5-positions and 
weakens those in the 2-, 4-, and 6-positions. 

Thus when a hydroxyl group is attached to the 3- or 5-position, 
weaker phenolic acids should result than when it is attached to the 
2-, 4-, or 6-position. There might also be a reciprocal effect of the 
hydroxyl group on the nitro-group, which will become evident when; 
the # OH becomes 10. Our results seem to show that the effect of 
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•NO*OH 03110, and reciprocally, is similar to that of *N0 2 on -OH; 
so that factors (a) and ( b ) act in the same sense on the quinonoid 
as on the phenolic acids. These effects may first be illustrated by 
the nitro- and dinitro-phenols. 

o-Nitrophenol, in which factors (a) and (6) are both at a maximum, 
has a slightly higher constant than ^-nitrophenol, in which (6) is 
favourable but (a) is less so (Holleman, loc. ciL). Both are higher 
in Table I than m-nitrophenol, in which (6) is unfavourable. The 
greater tendency to tautomeric change in the o- and ^-compounds 
is shown by the dissociation of the ortho-compound largely as a 
quinonoid substance, and of the meta-compound in the phenolic 
direction. In the case of p-nitrophenol, dissociation and tautomeric 
change are almost parallel. 

In the case of the dinitrophenols also, it is remarkable how close 
the colorimetric lies to the dissociation constant in those cases 
where both are known. The order of the constants agrees on the 
whole with the alternate polarity theory. In the strongest, 
2 :6-dinitrophenol, (a) and ( b ) are at a maximum; in the 2 : 4-com¬ 
pound (6) is favourable and (a) not so favourable. In 2 : 3-dinitro- 
phenol, the strengthening effect of the 2-nitro-group is somewhat 
weakened by the opposing effect of the 3-nitro-group. In the 2 : 5- 
compound, the opposing effect of the second nitro-group is more 
marked as the hydroxyl group is exposed to it more directly. In 
the 3:4-, the nitro-group opposing the dissociation is nearer to 
the hydroxyl than that which favours it. In the 3 :5-, both 
nitro-groups alternate incorrectly. It must be noted that the 
tc opposition ” of a nitro-group which alternates incorrectly is really 
only a smaller enhancing effect, since all dinitro-phenols are stronger 
acids than mononitro-phenols, owing, no doubt, to the more 
numerous chances for the formation of the quinonoid molecule 
whatever the position of the seeond 3iitro-group. 

In contrast to the nitrophenols, the nitro-dihydric phenols show 
the most varied relations between first dissociation and colorimetric 
constants. 

The Monmitro-compounds .— E e is greater than E e in the case of 
2-nitroquinol, 2-nitroresorcinol, 3- and 4-nitropyrocatechols, 3 :5-di- 
nitropyrocateehol, and 2 : 6-dimtroquinol, which therefore dissociate 
chiefly or wholly as quinonoid acids; whilst E e is greater than E c 
in the case of 4-nitro-, and 2 : 4- and 4 : 6-dinitroresorcinol, which 
therefore dissociate chiefly or wholly as phenolic acids. 

The first dissociation constants of the mononitro-compounds are 
of the order I x 10“ 6 , the constant thus being increased about 
10-fold by the introduction of a second hydroxyl group into the 
molecule of o-nitrophenol. The nitro-group is in the ortho-position 
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to at least one hydroxyl group, i.e., condition (a) is favourable, 
in all the compounds except 4-nitropyrocatechol, which has a 
distinctly lower constant than the others. One might perhaps 
expect 3-nitropyrocatechol to be a weaker acid than the 4-nitro- 
isomeride, instead of vice versa . The position of the second hydroxyl 
group appears, however, to have only a slight effect on the constant. 
Regarding the first four compounds in this series as derivatives of 
o-nitrophenol, we see that the effect of the second hydroxyl group 
in decreasing the constant px = 7*17 (i.e., increasing the constant 
K c ) of o-nitrophenol increases in the order 4 = 5, 3, 6. The order 
of increasingly favourable alternating effect (which agrees with the 
increase of constant in the order, o-, m-, and p-, in the case of 
mononitrophenols and some other compounds) is 4, 6, 5, 3. The 
order of increase in the case of the dihydroxybenzoic acids (with one 
hydroxyl group ortho to the carboxyl group) is 5, 4, 6, 3 (Lehfeldt, 
“ Electrochemistry/’ Longmans), which is identical with the order 
required by condition (a) above, i.e., mere propinquity without 
alternation. The dissociation of the carboxyl group would appeal 
to be more powerfully affected by propinquity, (a), and that of the 
•NO*OH group by alternation, (6), where the two principles are in 
opposition. 

The Dinitro-compounds. —It was considered surprising by Bader 
(loc. tit.), in view of the negative character of hydroxyl, that dinitro- 
quinol should be a weaker acid than 2 : 6-dinitrophenol. This 
may perhaps be explained as being due to a diminution of the 
negative polarity of the carbon attached to the *NOOH group by 
the opposing positive polarity of the carbon attached to the 
4-hydroxyl group. 2 : 4-Dinitroresorcinol, in which the alternate 
polarities are in tune, is a stronger acid than 2:4- or even than 

2 :6-dinitrophenol. 

Comparing the constants of the dinitro- with those of the corre¬ 
sponding mononitro-compounds, there is seen to be an increase 
in JT (decrease in p K of 1*5—3 units). The polarity of the second 
nitro-group always enhances that of the first, since the list examined 
includes only m-dinitro-compounds. 

The order of the corrected constants is the same as that of the 
mononitro-compounds from which they are derived : 

3-Nitropyroeatechol > 2-nitroresorcinol > 2-nitroquinol = 4-nitroresorcinol * 

3 : 5-Dinitropyro catechol > 2 : 4-dinitroresorcinol = 2 : 6-dtnitroqumol > 

4 : 6-dinitroresorcinol 

* The meta-dinitro-derivative of 4-nitropyrocatechol has not been 
examined. 

The tendency to undergo tautomeric change is measured by the 
colorimetric constants. The order of these is different from that 
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of the dissociation constants, and is nearly the same in the dinitro- 
compounds as in the mononitro-compounds from which they are 
derived. Thus it is apparently the orientation of one nitro-group 
in relation to the two hydroxyl groups which determines the 
number of tautomeric changes and the p R at which they occur. 

Order of ± K C . 

* 2-Nitroresorcinol> 2-nitroquinol> 3-nitropyrocateehol > 4-nifcropyrocatechol 

> 4-nitroresorcinol, 

2 : 6-Dinitroquinol>3 : 5-dimtropyrocatechol>2 : 4-dinitroresorcinoI 

>4 : 6 -dmitroresorcinol j* 

* The constant is too high to be measured, 
f The constant is rather uncertain. 

To the second and third colorimetric constants given in our 
previous co mm unication have now been added all those which can 
be determined. The nitroresorcinols do not give second constants, 
with the single exception of the 2-isomeride which undergoes its 
first change of colour at an exceptionally low p R} whilst the change 
of the 4-isomeride occurs at an exceptionally high p K . The second 
changes (half-way) to the red or brown forms occur at p R s from 
4 to 6 units lower than the changes (half-way) to the yellow form. 
The order of the second constants is very similar to that of the first: 

K e I 2-]Sr.R.>2 : 6-JST.Q.>2.N.Q. = 3 : 5-N.C.>2 : 4-N.R.>3-N.C.> 
4-N.C.>4-N.R. 

2 K,\ 2: 6-N.Q.>2-N.R.>2-N.Q.>3 : 5-N.C.>3-N.C. = 4N.C. 

The only compounds which undergo the third change, to purple, 
are nitroquinols and nitropyxocatechols (but not 4-nitropyro- 
catechol); those in the latter class, however, only show this 
change in such strong alkali that p Kt could not be determined. 
The order of the third constants is nearly the same as that of the 
second: 

2 H C | 2 : 6-N.Q.>2-H.Q.>3 : 5-N.C.>3-N.C. = 4-N.C. 

Z K C j 2 ; 6-N.Q.>2-N.Q.>3 : 5-N.C.>3-N.C. — 

University College, [. Received , April 20th, 1927. 

Nottingham. Revised , June 20 th f 1927.] 


CCCVIII .—-The Constitution of the Disaccharides , 
Part XV. Sucrose. 

By John Avery, Walter Norman Haworth, and Edmund 
Langley Hirst. 

The normal variety of d-fructose has now been brought within the 
generalisation that hexoses and pentoses tend to exist ordinarily 
as amylene-oxide forms (Haworth and Hirst, J., 1926, 1858; * 
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Haworth, Hirst, and Learner, this vol., p. 1040). This development 
has necessitated the abandonment of the butylene-oxide formula 
generally current for the normal sugar and latterly supported by 
the experiments of Irvine and Patterson (J., 1922, 121, 2696), and 
has in consequence introduced many uncertainties into the reasoning 
by which the constitution of the more labile y-isomeride of fructose 
was deduced. This consequence was indicated in the papers by two 
of us referred to above. 

It will be seen on reference to the papers by Haworth and Linnell 
(J., 1923, 123, 294) and by Haworth and Mitchell (ibid., p. 301) that 
the inferences drawn from the experimental work therein recorded 
were based on the appropriation of the butylene-oxide structure 
for normal fructose. The consideration of a butylene-oxide structure 
for y-fructose derivatives was for this reason excluded, the con¬ 
clusion being drawn that “ the choice of a constitution for the 
tetramethyl y-fructose derived from methylated sucrose appears to 
be limited to one of the following forms : ethylene oxide, propylene 
oxide, amylene oxide/ 5 This later work on n-fructose has therefore 
rendered uncertain and insecure the arguments by means of which an 
amylene-oxide structure for tetramethyl y-fructose has been deduced, 
and it was decided to take the present opportunity to review the 
whole position in the light of the experience gained in determining 
the constitution of other sugar derivatives. It has become evident 
in the meantime that, owing to the peculiar nature and extent of 
the isomerism in the sugar group, it is necessary to withhold the 
application of structural formulae unless the substance under 
investigation has been transformed by well-defined methods into 
products which can be compared with or further degraded to give 
simple and crystalline reference compounds of definitely verified 
structure, such as the simple tartaric and hydroxyglutaric acids. 
In the earlier experiments (Haworth and Linnell, loc. cit .; Haworth 
and Mitchell, loc . cit.) the oxidative degradation products were, with 
few exceptions, liquid distillates and an extended examination of 
these substances has now yielded crystalline derivatives of such a 
nature that the structure of the tetramethyl y-fructose from which 
they originated may be clearly deduced. 

The experiments now to be described have involved a repetition 
of the work previously recorded on the oxidation of tetramethyl 
y-fructose (I) by nitric acid and by alkaline permanganate, with the 
result that the accuracy of these experimental data has been 
substantiated, and proof has been obtained that in almost every case 
the products described, although liquids, were essentially homo¬ 
geneous. 

Oxidation of tetramethyl y-fructose with either dilute or concern* 
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trated nitric acid leads, after esterification with ethyl alcohol, to the 
isolation of an ethyl ester giving C, 504; H, 7*8; OMe, 47*6, which 
agree reasonably well with either of the formulae C 1;L H 20 O 7 or C 8 H 14 0 5 . 
This ethyl ester reduces Fehling’s solution on warming, undergoes pro¬ 
found decomposition in the presence of hot alkali, and contains a 
reducing hydroxyl group which can be methylated to give a stable, 
non-reducing substance, the behaviour of which towards alkali is 
now normal. Owing to this behaviour with alkali, the quantitative 
hydrolysis of the ethyl ester gave figures which were higher than 
those calculated for C n H 20 O 7 and agreed with those required by a 
substance C 8 H 14 0 5 ; but, although the recorded analytical data and 
the behaviour during titration are in better agreement with the 
lactone formula C 8 H 14 0 5 , originally proposed by Haworth and 
Linnell, yet this compound must now be recognised, for the following 
reasons, as the ethyl ester, C 1:l H 20 O 7 , of the lactol acid C 9 H 16 0 7 (II). 
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I™ 

9o 2 h 

9-OH 

MeO‘9 

H-cJ-OMe 

H*9*OH 

CH 2 -OMe 

(vn.) 


9°—I 

MeO - 9*H ^ 
>• H>9*OMe I 

H.9— i 

CH 2 *OMe 

9o 2 h 

MeO(j>H 

H*9'OMe 

C0 2 H 

(Vm.) 


On methylation of this product, the higher homologue was obtained 
which was characterised by its conversion to a crystalline amide, 
m, p. 99—100°, identical with that previously described by Haworth, 
Hirst, and Nicholson (this vo!., p. 1517). The relationship between 
the methyl ester obtained by these authors and the ethyl ester now 
described is thus demonstrated. The degradation of the lactol 
acid by means of a lk ali ne permanganate yielded a hydroxymethoxy- 
acid which was isolated in the form of its methyl ester. In the 
experimental section the detailed analysis of this is described, and 
it is shown that the main product is occasionally accompanied by 
an impurity which substantially enhances the methoxyl and titration 
values. Specimens of the ester gave analytical figures which 
corresponded closely with those recorded by Haworth and Linnell 
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for their final esterified oxidation products, whilst others corre¬ 
sponded more nearly to methyl hydroxydimethoxybutyrate.* 
By treatment with methyl-alcoholic ammonia, each of them gave, 
in yield varying from 60 —87%, the crystalline amide, m. p. 104— 
105°, of a hydroxydimethoxybutyxic acid (VI), proof being thus 
afforded that the latter acid was the essential constituent. The 
same product was also obtained by direct oxidation of tetramethyl 
y-fruetose with alkaline permanganate (compare Haworth and 
Mitchell, loc. cit .), and the identity of the hydroxydimethoxybutyric 
acid from both these sources was demonstrated by the conversion 
of each specimen into the same crystalline amide. Methylation of 
the ester gave a methyl trimethoxybutyrate, which was character¬ 
ised through the corresponding crystalline amide, m. p. 58—59°. 

Under certain conditions, the above hydroxydimethoxybutyric 
acid appeared to lose the elements of water and give a hygroscopic 
anhydride, which has been described previously as a lactone by 
Irvine and Patterson (J., 1922, 121, 2699) and by Haworth and 
Mitchell (loc. cit.). Sufficient evidence is not yet available, however, 
to enable a final choice to be made between the formulation of this 
anhydride as a lactone or a lactide (see footnote). 

The application of the Weerman test (Bee. trav. chim., 1917, 36, 
16) as a method for characterising a-hydroxy-acids by the action of 
sodium hypochlorite on their amides, indicated that the hydroxy¬ 
dimethoxybutyric acid under examination did not belong to this 
class, and the attempted oxidation of the free acid by means of 
nitric acid led to the recovery of the material unchanged, thus 
proving that the free hydroxyl group did not occupy a terminal 
y-position in the chain. These indications pointed provisionally 
to the recognition of the hydroxydimethoxybutyric acid as a 
P-hydroxy-acid. 

A complete verification of these results was secured, and a simple 
and direct proof of the structure of these substances and of y-fructose 
derivatives was attained, by the degradative oxidation of the 
lactol acid C 9 H 16 0 7 (II) by means of barium permanganate in acid 
solution. Under conditions which required careful control, one 

. * The reason for this variability of composition becomes clear when it is 

recognised, as will appear later in this paper, that we were handling a 
/?-hydroxy-aeid. The parent substance of this product, 0-hydroxybutyric 
acid, has been fully investigated by McKenzie (J., 1902, 81, 1402), who has 
observed the readiness with which it passes into an anhydride form and into 
crotonic acid by loss of water. If in the present case a dimethoxycrotonie 
acid were formed, this would lead under the conditions employed to methoxy- 
malonie acid, and ultimately to its methyl ester. We are at present studying 
the various forms of hydroxydimethoxybutyric acid, obtained synthetically 
from dimethoxyacetoacetic ester. 

. . ' 4XA\/;J : :T' 
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atomic proportion of oxygen was absorbed for each molecule of 
lactol acid, and a yield of nearly 50% of crystalline tZ-trimethyl 
y-arabonolaetone (IV) was obtained. We were able to recognise 
this compound with certainty, since we were in possession of the 
corresponding Z-isomeride of the lactone (Baker and Haworth, J., 
1925, 127, 365; Haworth and Nicholson, J., 1926, 1899; Drew, 
Goodyear, and Haworth, this voL, p. 1244), and the properties of 
the two specimens are given for comparison : 

d-Trimethyl Z-Trimethyl 

y-arabonolactone. y-arab onolact one. 

M. p. 32—33° 33° 

[a] D (initial) in water. -{-44*5° —44*2° 

[a] D (after 20 days) . +25*5° -25*2° 

We have confirmed the structure assigned to these lactones, 
wherein the methyl groups are allocated to the positions 2, 3, 5, 
by effecting their further oxidation with nitric acid. The cZ-tri- 
methyl y-arabonolactone originating from tetramethyl y-fructose 
gave Z-dimethoxysuccinic acid (VHI), identified as the crystalline 
Diethylamide and also as the amide, and these crystalline derivatives 
were compared directly with specimens which were specially 
prepared from Z-tartaric acid (see later papers by Haworth, Hirst, 
and Learner and by Haworth and Jones). 

The reaction between the lactol acid and acid permanganate is 
thus typical of the behaviour of either a-ketonic acids or ketol-acids 
which are potentially a-ketonic in nature (compare Ohle, Ber., 1927, 
60, 1165), leading to the formation of a carboxylic acid containing 
one carbon atom less in the chain. Since the substance isolated 
in the present instance has been proved definitely to be 2 : 3 : 5-cZ- 
trimethyl arabonic acid, it follows immediately that the original 
lactol acid must have contained methyl groups in positions 3, 4, and 
6. The oxide linking present in the lactol acid and also in tetra¬ 
methyl y-fructose must connect the carbon atoms in positions 2 and 
5. Tetramethyl y-fructose has therefore a y- or butylene-oxide 
structure, and the lactol acid, C 9 H 16 0 7 , is seen to have the constitu¬ 
tion provisionally applied to it by Haworth and Hirst (1926). 
S im il ar ly the hydroxydimethoxybutyric acid (VI) is recognised as 
2:4-dimethyl d-erythronic acid. 

The recent views we have expressed (Haworth, Hirst, and Nichol¬ 
son, foe. cit.) relating to the structure of tetramethyl y-fructose, 
resting on the analogy with other y-sugars and on the ease of trans¬ 
formation of y-fructose derivatives into furan bodies (see also 
Bergmann, J., 1923, 123, 1277), are thus finally supported by the 
experimental results herein outlined. It follows that this sugar is 
now to be recognised as 1: 3 :4:6-tetramethyl fructose, and since 
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this derivative arises from the hydrolysis of methylated sucrose, the 
constitutional formula (IX), which we have applied in recent papers 
to sucrose, receives additional support and confirmation. 


r 




H-OH 
, (pH-OH 
I 9H-0H 

CHo-OH 


-o- 


?H 2 -OH 


>0H J 

•ATT 0 


n 

IH-OH 


J 


OH 


(IX.) 


Experimental. 

Oxidation of Tetramethyl y-Fructose with Nitric Acid , (d 1*42). 
Isolation of the Ethyl Ester of the Lactol Acid C 9 H 16 0 7 (II).—A 
mixture of tetramethyl y-fructose (10 g.) and concentrated nitric 
acid (70 c.c.; d 1*42) was cautiously heated on the water-bath until 
at 70° a vigorous reaction ensued with evolution of nitrous fumes. 
The reaction was kept under control by cooling at intervals, and* 
the temperature of the mixture was gradually raised to 93°. The 
reaction appeared to be complete after 1£ hours. Water was then 
added to the cooled solution and the nitric acid was almost entirely 
removed by distillation at 50—60°/13 mm., the usual precautions 
being observed to avoid undue heating during the concentration. 
This procedure was many times repeated and finally the product was 
taken down to a syrup. At this stage, absolute ethyl alcohol was 
added and distilled from the product to remove water. The syrupy 
residue was dissolved in 200 c.c. of absolute ethyl alcohol, contain¬ 
ing 6 g. of hydrogen chloride, and boiled gently under reflux for 9 
hours. Thereafter, the mineral acid was neutralised with silver 
carbonate, the solution filtered, and the solvent evaporated. The 
syrupy residue distilled without decomposition : 

Fraction 1, at bath temperature up to 125°/0-l mm.; 2-2 g., 
nf 1-4500. 

Fraction 2, at bath temperature 130—135°/0-l mm.; 7 g., 
ntf 1-4520. 

Fraction 3, at bath temperature 150°/0-1 mm.; 0*5 g., wjf 1*4564. 
Fraction 2, which showed [agf + 25*8° in water (c = 2-7), gave 
the following analytical data—Found : C, 50*35; H, 7-75; OMe, 
47-6. CuHgoC^ requires C, 50-0; H, 7*6; OMe, 47-0. C 8 H 14 0 6 
requires C, 50-5; H, 74; OMe, 48*9%. This material reduced 
Fehling’s solution on warming and gave coloured decomposition 
products when heated with aqueous alkali. As stated on p. 2310, 
this product consisted essentially of the ethyl ester, C 11 H 20 O 7 , of the 
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lactol acid, C 9 H 16 0 7 (II). Titration. 0*269 G. required 13*5 c.c. 
Nj 10-sodium hydroxide (on heating for | hour at 90°). Calc., for 
CnH 20 O 7 : 10*2 c.c.; for the lactone, C s H 14 0 5 : 14*2 c.c. 

Methylation and Amide Formation. —A specimen of the above 
product (Fraction 2) was treated with Purdie’s reagents for 5§ hours. 
A syrup which remained colourless when heated with aqueous alkali 
and which did not reduce Fehling’s solution was obtained, distilling 
at 12 mm. from a bath heated at 155—160°. This showed [a]§* + 3° 
in water (c = 1*07). Titration. 0*1048 G. required 4*2 c.c. 
N /10-sodium hydroxide for hydrolysis and neutralisation. 

The methylated product was dissolved in methyl alcohol, saturated 
with dry ammonia, and cooled in ice, and the mixture was kept for 
4 days. Removal of the solvent in a vacuum gave a crystalline 
product (yield above 60%), m. p. 99—100° (from light petroleum); 
[ a ISei — S3° in water (c = 0*98). A specimen of the crystalline 
amide was mixed with the specimen of the amide C 10 H 19 O 6 N, 
obtained by Haworth, Hirst, and Nicholson (this vol., p. 1517) 
from the corresponding methyl ester, and the m. p. showed no 
depression. 

Oxidation with Alkaline Permanganate. —The product (2*5 g.) 
isolated from the process of oxidation with nitric acid as described 
above (Fraction 2) was treated at 70° with 22V r -potassium hydroxide 
(20 c.c.) and with A'-potassium permanganate (88 c.c.), the latter 
being gradually added with frequent shaking. In working up the 
product the alkali was neutralised with mineral acid in presence of 
ice, and after removal of the precipitated manganese oxides the 
filtrate was made slightly alkaline by means of potassium carbonate 
and evaporated (water-bath) to small bulk. Thereafter the whole 
of the water was removed in a high vacuum, yielding a white, solid 
mass. Preliminary experiments showed that no advantage was to 
be gained by extracting the solid with organic solvents. It was 
therefore dissolved in water and the organic acid liberated by 
acidifying with mineral acid. The water was then removed in a 
high vacuum, and the white mass extracted with chloroform. This 
extract yielded a syrupy organic acid which was esterified with 
methyl-alcoholic hydrogen chloride. The liquid ester distilled 
under 0*07 mm. from a bath heated to 100°, and showed [a]g* + 19° 
(in water, c = 0*96) and nf 1*4400; yield 0*8 g. (Found ; C, 46*3; 
H, 7*9; OMe, 49*2. C 7 H 14 0 5 requires C, 47*2; H, 7*9; OMe, 

52*2%). Titration. 0-0946 G. required 5*2 c.c. Nj 10-sodium 
hydroxide for hydrolysis and neutralisation (Calc, for C 7 H 14 0*: 
5*3 c.c.). 

This product has been obtained on several occasions under 
similar experimental conditions to those outlined above, and the 
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physical properties and analyses of these specimens are tabulated 
below: 

(a) ng* 1-4400, [a] 20 ’ +19°, C, 46-3; H, 7-9; OMe, 49-2%; 
(b) < 1-4410, [a]g° +22-4°, OMe, 54-9%; (c) n]f 5 ' 1-4390, OMe, 
48*8%; (d) [a]g* +21-8°, C, 46-75; H, 7-8; OMe, 61-2%; (e) 
% 1-4421, [a] D + 31°, C, 47-8; H, 7-2; OMe, 60%. 

The analyses of (a) and (d) were made independently by Fein- 
Chemie, G.m.b.H., Tubingen. These products correspond with 
that obtained by Haworth and Linnell ( loc . cit ., p. 301), who quote 
C, 48-4; H, 7-2; OMe, 59*7%. It was evident that all these 
products were mixtures containing a variable quantity of a sub¬ 
stance giving high methoxyl and titration values, and this factor 
is referred to in the footnote on p. 2311. That each of these speci¬ 
mens was essentially, however, methyl hydroxydimethoxybutyrate 
was demonstrated by treating them with methyl-alcoholic ammonia. 
This led to the isolation of the crystalline amide described below in 
yields from 60—87%, the largest yield being obtained from the 
specimen (a). 

Hydroxydimeihoxybutyramide was isolated as described above 
as crystals, m. p. 104—105° (from petroleum); [a]J^ t + 37° in 
water (c = 1-05), and [a]Jf +33° [Found: C, 44-2; H, 8*0; 
N, 8-7; OMe, 36-2. C 4 H 7 0 2 N(0Me)<> requires C, 44-2; H, 8-0; 
N, 8-6; OMe, 38*0%]. 

Oxidation of Tetramethyl y-Fructose with Alkaline Permanganate .— 
In general the method described by Haworth and Mitchell (J., 1923, 
123, 306) was followed, except that the product was isolated as the 
methyl ester as described in the earlier paragraph above. The ester 
distilled from a bath heated to 130° under 13 mm., and showed 
n]£ 1*4413. This material corresponded exactly with the specimens 
(a) —(e) described above, and gave on treatment with methyl- 
alcoholic ammonia a crystalline amide, m. p. 104—105°, identical 
in all respects with that described above as hydroxydimethoxy- 
butyramide. 

Hydrolysis .—A specimen of the above methyl ester was hydrolysed 
with dilute hydrochloric acid (5%) during 4-J hours at 80°. After 
the usual process of isolation, the product was distilled from a bath 
heated to 125° under 0-04 mm., and was obtained as a colourless, 
hygroscopic syrup having acid properties, but which did not 
crystallise on preserving in a vacuum over phosphoric oxide for 
several days. A further purification was effected by fractional 
distillation, and the substance remained as a colourless syrup. This 
appeared to be identical with the product obtained by Haworth 
and Mitchell {loc. cit.) and Irvine and Patterson {loc. cit., p. 2699)* 
and described as the lactone of hydroxydimethoxybutyric acid. 
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The observations now to be recorded indicate, however, that the 
product may have been a lactide of a (3-hydroxy-acid. 

Experiments on the Determination of the Structure of the Hydroxy - 
dimethoxybutyric Acid. —(a) Weerman reaction on the amide. Weer- 
man’s method (foe. cit.) for the characterisation of a-hydroxy-acids 
depends on the interaction of the amides of these acids with sodium 
hypochlorite, this reagent forming sodium isocyanate with such 
amides but not with those of other hydroxy-acids. The qualitative 
test applied for the presence of sodium isocyanate is the addition of 
hydrazine hydrate, followed by the addition of benzaldehyde, 
which leads to the isolation of benzalsemicarbazone. An 
alternative method is the addition of semiearbazide, which in 
presence of sodium isocyanate forms crystalline hydrazidicarbon- 
amide. When the test was applied to the hydroxydimethoxy- 
butyramide which we had prepared during the present work, a 
negative result was obtained, indicating that this amide was other 
than an a-hydroxy-compound. Control experiments were carried 
out with gluconamide, trimethoxyglutaramide and acetamide, and 
only in the case of gluconamide was a positive result obtained, as 
should be the case. 

(b) Attempted oxidation with nitric acid. The above result 
indicated that the related acid must be either a p- or a y-hydroxy- 
acid. In the latter case the hydroxyl group would be in the 
terminal position as a -CH 2 *OH group, which should be characterised 
by its ease of oxidation to a carboxyl group. When the substance 
was digested, however, with nitric acid (d 1*2) during 6 hours 
at 70—100°, it gave a product which, on conversion into the 
methyl ester, was identical with the original material, thus proving 
that no oxidation had taken place. This conclusion was verified 
by conversion of this ester into the crystalline hydroxydimethoxy- 
butyramide, m. p. 104—105°. It became evident, on the basis of 
these results, that .the hydroxydimethoxybutyric acid under 
examination was probably a p-hydroxy-aeid. 

(c) Methylaiion of the ester. The specimen (a) described pre¬ 
viously, and consisting essentially of methyl hydroxydimethoxy- 
butyrate, was methylated with Purdie’s reagents, and the product 
on distillation showed ngM-4282; [a] 2 D I# -f 19° in water (c = 1*04). 
Titration . 0*1006 6. required 5*25 c.e, of Njl 0-sodium hydroxide 
for hydrolysis and neutralisation (Calc, for C s H 16 0 5 : 5*24 c.c.). 
Pound: C, 49*7; H, 6*5; OMe, 62*3. Calc.: C, 50*0; H, 8*3; 
OMe, 64*6%. 

This product was identified as methyl trimethoxybutyrate by 
conversion into the crystalline amide. The trimethoxybutyramide 
separated from light petroleum as colourless needles, m. p. 58—59°, 
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[a]Jf + 40*5° in water (c = 1*09 (Found: C, 47*7; H, 8*5; N, 7*7; 
OMe, 49*7. Calc.: C, 4=7*5; H, 8*5; N,7*9; OMe } 52*5%). 

Confirmatory Proof of the Constitution of Tetramethyl y-Fructose. 
Isolation of Crystalline d-2: 3 : 5-Trimethyl Arabonolactone by 
Degradative Oxidation of the Lactol Acid , C 9 H 16 0 7 .—The ethyl ester, 
C 11 H 20 O 7 , of a lactol acid, C 9 H 16 0 7 , was described as Fraction 2 on 

р. 2313. Preliminary experiments showed that the desired stage 
of oxidation by means of acidified permanganate was completed 
when one atomic proportion of oxygen had been absorbed. The 
details of the procedure are as follows : The material of Fraction 2 
(3*2 g.) was hydrolysed during 3 hours at 90° with 60 c.c. of 2*5% 
hydrochloric acid. The solution was neutralised with silver car¬ 
bonate, and the silver removed from the filtrate with the aid of 
hydrogen sulphide. The filtrate from the silver sulphide was 
evaporated, and the free lactol acid, C 9 H 16 0 7 , was collected as a 
syrup, which was dissolved in 110 c.c. of water and mixed with 40 

с. c. of iV’-sulphuric acid. Thereafter, a solution of barium per¬ 
manganate (4%) was added very slowly until the required amount 
had been admitted, the reaction being conducted at room temp¬ 
erature. An excess of barium hydroxide solution was then added, 
followed by the admission of carbon dioxide to precipitate the excess 
of barium hydroxide. At this stage, the precipitated salts were 
removed by filtration, and to the solution, which contained the 
soluble barium salt of an organic acid, the equivalent of dilute 
sulphuric acid was added. The filtrate obtained after removal of 
barium sulphate was now evaporated under diminished pressure, 
and yielded a syrup which crystallised spontaneously when cold 
(yield 1 g.). The crystalline compound distilled under 11 mm. from 
a bath at 145°, and the distillate solidified instantly (yield 0*75 g.). 

Extraction of this crystalline product with light petroleum left a 
minute quantity of residual oil which darkened in the air. From 
the solution in light petroleum, needles or shining plates crystallised 
according to the conditions of cooling (m. p. 32—33°; yield 0*6 g.); 
[a] D -f* 44*5° in water (c = 0*712)—this initial value decreased 
during 18 days to the constant value + 25*5° (Found: C, 50*2; 
H, 7*7; OMe, 47*6. Calc, for C 8 H 14 0 5 : C, 50*5; H, 7*4; OMe, 
48*9%). Titration. 0*0512 G. required 2*7 c.c. Nj 10-sodium 
hydroxide for neutralisation, the substance behaving during 
titration as a lactone. 

This product corresponds to d-trimethyl y-arabonolactone, and 
in the theoretical section it is shown that the rotation values are 
equal and opposite to those of the Z-isomeride, whilst the un p. is 
identical. 

A similar oxidation was carried out with the corresponding methyl 
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ester of the lactol acid, C 10 H 18 O 7 (compare Haworth, Hirst, and 
Nicholson, loc . cit.). In this example, the experiment was modified 
by omitting isolation of the free acid, inasmuch as control experi¬ 
ments indicated that the alcohol liberated on hydrolysis of the ester 
was not appreciably oxidised under the experimental conditions 
employed. The methyl ester (8*9 g.) was heated for 2J hours at 85° 
with ^/2-sulphuric acid (104 c.c.). Barium permanganate equiv¬ 
alent to one atomic proportion of oxygen was then admitted to the 
cold solution, which had been diluted to a volume of 500 c.c. by the 
addition of a further 100 c.c. of A/2-sulphuric acid and water. The 
product was isolated in the manner already described, and weighed 
4*1 g., of which 3-0 g. were collected as a distillate under 11 mm. from 
a bath at 145°. This distillate crystallised immediately when cold. 
A similar portion of an oily by-product was again noticed. The 
reerystalHsed d-trimethyl y-arabonolactone, m. p. 33°, weighed 2-6 g. 

It should be added that qualitative tests conducted with the ethyl 
or methyl esters dissolved in acidified permanganate solution showed 
that the reaction proceeded slowly until hydrolysis of the ester had 
taken place. Oxidation then proceeded rapidly at room temperature. 
The oxidation proceedsi smoothly and is accompanied by practically 
no change in the rotation value of the solution. 

We wish to thank the Education Co mmi ttee of the Durham 
County Council for the award of a Research Exhibition to one 
of us (J. A.). 

The University or Birmingham, 

Edgeaston. [. Received , , July 25th, 1927.] 


CCCIX .—The Tautomerism of Amidines . Part VII . 
Methylation of Benzenyl-’p-nitrodiphenylamidine. 

By Clifford Chew and Frank Lee Pyman. 

The alkylation by alkyl salts of open-chain amidines, in which 
one of the nitrogen atoms is attached to an aryl group and the 
other to a non-aryl (hydrogen or alkyl) group, yields as main products 
compounds alkylated on the arylamine nitrogen atom, together 
with small quantities of the isomeric alkyl derivatives. For example, 
benzenylphenylmethylamidine (I or EE) gives with methyl iodide 
methylphenylamidobenzenylmethylimidine (III) in 62% yield, 
and dimethylamidobenzenylphenylimidine (17) in 4% yield (Pyman’ 
{.,1923,123, 367). 

Previous papers (Pyman, J., 1923, 123, 3359; Forsyth and 
Pyman, J., 1926,2502) one of us has expressed the view that results 
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of this kind are due, not to the feebler basicity of the arylamino- 
group as compared with the alkylamino-group, as some previous 

(I.) CPh(:NPh)*NHMe ^ CPh(:NMe)-NHPh (II.) 

(in.) CPh(INMe)-NMePh CPh(:NPh)-NMe 2 (IV.) 

investigators have supposed, but to the tendency of the aryl group 
to attract the double linking into the a(3-position. Thus, it was 
thought that benzenylphenylmethylamidine reacted in the form 
(I) to a much greater extent than in the form (II), owing to the 
influence of the phenyl group in the anilino-residue, and con¬ 
sequently gave (III) to a much greater extent than (IV), since 
the alkylation of open-chain amidines with alkyl salts leads to the 
attachment of the alkyl group to the nitrogen atom which is doubly 
linked to carbon (Pyman, J., 1923, 123, 3359). Evidence that the 
structural effect is of greater importance than the relative basicities 
of the nitrogen atoms has been given in the papers quoted, and 
further evidence in favour of this view is afforded by the results of 
the present investigation. 

Benzenyl-p~nitrodiphenylamidine (V or VI) gave on methylation 
with methyl iodide benzenylrn&thylphenylamido-p-nitrophenylimidine 
(VH) in 28*8% yield, and benzenylmethyl-p-nitrophenylamidophenyl - 
imidine (VIII) in 24*9% yield, together with 8*8% of unchanged 
material. Now, in benzenyl-p-nitrodiphenylamidine both nitrogen 

(V.) CPh(NPh)*NH*C 6 H 4 -N0 2 ^ CPh(:N-C 6 H 4 *N0 2 )-NHPh (VI.) 

(VH.) CPh(:N-C 6 H 4 -N0 2 )-NMePli CPh(:]SnPh)-NMe-C 6 H 4 -]Sr0 2 (Vin.) 

atoms are attached to phenyl groups, and the structural effect of 
the phenyl groups is thus balanced, but the two nitrogen atoms, 
which are present as anilino- and ^-mtroanilino-residues respect¬ 
ively, differ considerably in basicity, for aniline has K = 4*6 x 10~ 10 
and p-nitroaniline 1=1 x 10' 12 . The results of the methylation 
thus show that the marked disparity between the yields of the 
two methyl derivatives, which is always observed when arylamine 
and alkylamine residues are in competition for a methyl group, 
has disappeared here on the elimination of the structural effect 
of a phenyl group attached to only one of the nitrogens, in spite 
of a considerable difference between the basicities of the two 
amino-residues. Further, it is noteworthy that the isomeride 
isolated in rather larger quantity is that in which the methyl 
group has become attached to the more basic nitrogen atom. This, 
agrees with the results of alkylating open-chain amidines such 

4i2 
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as benzenylmethylamidine, MleICPh*ISB 2 =^IS[HMe*CPh!NH, in 
which neither of the nitrogen atoms is attached to a phenyl 
group (Pyman, loc. cit .). The constitutions of the two methylated 
amidines (VII) and (VIII) were determined by synthesising them 
from the appropriate methylated amines, and in the course of this 
work various known methods for the preparation of amidines have 
been compared, and are referred to below, 

Expebimental. 

Benzenyl-p-nitrodiphenylamidine was prepared by several of the 
available methods. 

A . After Qerkardt (Annalen, 1858, 108, 214). Benzanilide- 
iminoehloride (53 g.) and p-nitroaniline (33 g.) in dry ether (1 L) 
were kept for 4 days. The deposit (22 g.; m. p. 165—195°) was 
dissolved in hot alcohol (300 c.c.) and kept; the crystals (7*5 g.; 
m. p. 245—250°) which separated were dissolved in hot alcohol 
(150 c.c), and when the solution was basified with ammonia, the 
amidine separated (5-5 g.; m. p. 183°; yield 7%). 

B. After Sen and Ray (J., 1926, 646). Benzanilide (10 g.), 
p-nitroaniline (7 g.), and phosphorus trichloride (170 g.) were heated 
under reflux for 4 hours in an oil-bath at 120—130°, and the amidine 
was isolated in 15% yield (2-38 g.; m. p. 180—182°). 

C. After Hill and Rabinowitz (J. Amer. Chem. Soc ., 1926, 48, 
732). Benzanilide (10 g.),p-nitroaniline (7 g.},phosphorus trichloride 
(7 g.), and sodium-dried benzene (44 c.c.) were heated for 5 hours 
at 100°; the amidine was obtained in 8% yield (1-33 g.; m. p. 
182°). 

D. After Hill and Cox ( ibid ., p. 3214). This proved to be by far 
the best method. To a well-cooled suspension of phosphorus 
pentachloride (11 g.) in sodium-dried benzene (50 c.c.), benzanilide 
(10 g.) was added, followed by p-nitroaniline (7 g.), and the mixture 
heated under reflux for 3 hours on the water-bath. The solvent was 
distilled off, the residue was well ground with aqueous ammonia, 
and the paste filtered. The precipitate was thoroughly extracted by 
grinding with cold alcohol and water, and the residue was crystal¬ 
lised from alcohol, the amidine being isolated in 61% yield (9-1 g. 
of m. p. 182—183° -j- 0*75 g. of m. p. 179—180°). In a repetition 
of this experiment with 40 g. of benzanilide, the amidine was isolated 
in 75% yield (48*7 g.; m. p. 182°). 

Benzenyl-^-nitrodi*phenylamidine (V or VI) crystallises from alcohol 
in long, lemon-yellow needles, m, p. 184° (corr.) (Found: C, 71*8; 
H, 5*1. G 19 H 15 0^ 3 requires C, 71*9; H, 4*5%). It is insoluble 
in hot or cold water or in chloroform, but moderately soluble in 
hot alcohol or ether. On grinding the base with concentrated 
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hydrochloric acid, a colourless, crystalline hydrochloride, m. p. 
261°, is obtained, from which the amidine can be regenerated by 
treatment with ammonia. This hydrochloride is very sparingly 
soluble in hot water, and when boiled with alcohol containing 
hydrochloric acid yields £>-nitrobenzanilide (m. p. crude, 194°; 
purified, 199°; mixed with a known specimen of m. p. 200°, 200°). 
In an attempt to prepare a picrate from the amidine and picric acid 
in hot alcohol, p-nitrobenzanilide was again deposited. 

Benzenylmethylphenylamido-p-nitrophenylimidine (VII).—^?-Nitro- 
benzanilide-iminochloride (9 g.), which had been completely freed 
from hydrogen chloride by keeping in an evacuated desiccator over 
sodium hydroxide, and monomethylaniline (3*5 g.) in dry ethereal 
solution were kept over-night, and the solvent distilled. The 
residue was extracted with hot 2% hydrochloric acid (250 c.c.), 
which left crude p-nitrobenzanilide undissolved (7*2 g.; m. p. 190°; 
mixed m. p. with a known specimen, 195°). The extract deposited 
a further 0*26 g. of the same compound on cooling, and the filtrate 
from this was basified and extracted with ether. The ether residue 
(3*65 g.) was separated by means of light petroleum intomonomethyl- 
aniline (1*18 g.; b. p. 193°) and crude amidine (2-3 g.; m. p. 120— 
128°; yield 19%). It is essential to free the iminochloride from 
hydrogen chloride before attempting the condensation with mono¬ 
methylaniline, for otherwise the amidine is not formed. Conse¬ 
quently, it is not surprising to find that this amidine cannot be 
prepared by the method of Hill and Cox. 

Benzenylmethylphenylamido-p-nitrophenylimidine crystallises from 
alcohol in pale yellow plates, which in thin layers have a 
silvery lustre, m. p. 138° (corr.) (Found : C, 72*5; H, 54; N, 12*8. 
C 20 H 17 O 2 N 3 requires C, 72-5; H, 5*1; N, 12*6%). It is insoluble 
in hot or cold water, chloroform, or benzene, moderately soluble in 
cold alcohol, and readily soluble in ether or hot alcohol. The picrate 
separates from alcohol in yellow plates, m. p. 206° (corr.). It is 
almost insoluble in water or cold alcohol, and explodes when heated 
in a flame. The hydrochloride and hydriodide separated from water 
as gums which could not be crystallised. 

Benzenylmeihybp-nitrophenylamidophenylimidine (VIII) could not 
be isolated from the products of interaction of benzanilideimino- 
chloride (free from hydrogen chloride) with p -nitr omonomethyl- 
aniline in cold or hot dry ether, but was readily prepared by the 
method of Hill and Cox. Benzanilide (5 g.) was added to a well- 
cooled suspension of phosphorus pentachloride (5*5 g.) in sodium- 
dried benzene (25 c.c.). After thorough shaking, ^-nitromono- 
methylaniline (3*8 g.) was added, and the mixture heated under reflux 
for 3 hours on a steam-bath. The solvent was distilled off, and the 
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residue extracted several times with hot water (1 1. in all), which 
left very crude benzanilide (0-85 g.; m. p. 140°) undissolved. On 
being cooled, the extract deposited a yellow product (2*25 g.; m. p. 
140—170°) which gave on crystallisation from alcohol the amidine 
hydrochloride (0*75 g.; m. p. 218—220°), the mother-liquors con¬ 
taining p -nitromonomethylaniline. The filtrate from the yellow 
product was basified with ammonia and extracted with ether, which 
removed an orange syrup (5*25 g.). This was mixed with concen¬ 
trated hydrochloric acid and a little alcohol, and filtered from more 
amidine hydrochloride (3-8 g.; m. p. 216—219°). A further small 
quantity of this was obtained from the filtrate, and all crops were 
combined and crystallised from alcohol, 2*78 g. of the pure salt 
being obtained (yield, 29%). 

Benzenylmethyl-p-nitrophenylamidophenylimidine was obtained 
as a pale yellow syrup, which did not crystallise. It is insoluble in 
cold or hot water or in chloroform, but readily soluble in alcohol or 
ether. It yields well-crystallised salts. The hydrochloride crystal¬ 
lises from alcohol in colourless, rhombic prisms, containing lEtOH 
which is not lost at 100°, and melts and effervesces at 226° (corr.) 
(Found: C, 64*0; H, 5*9. C 20 H 17 O 2 ]Sr 3 ,C 2 H 6 O,HCl requires C, 63*9; 
H, 5*8%). It is sparingly soluble in cold water, moderately soluble 
in cold alcohol, and very readily soluble in hot alcohol. The 
hydriodide crystallises from alcohol in pale yellow, anhydrous, 
rhombic prisms, m. p. 225° (corr.) (Found: C, 52*3; H, 4*5. 
C 20 H 17 O 2 N 3 ,HI requires C, 52*3; H, 3*9%). It is very sparingly 
soluble in cold water, alcohol, or acetone, but readily soluble in hot 
alcohol or acetone. The picrate crystallises from alcohol in yellow 
needles, m. p. 194° (corr.). It is sparingly soluble in hot water or 
cold alcohol, but readily soluble in hot alcohol. 

Metkylation of Benzenyl-ip-nitrodiphenylamidine by Methyl Iodide .— 
Beuzenyl-p-nitrodiphenylamidine (35 g.) and methyl iodide (35 c.c.) 
were heated under pressure for 3 hours at 100°. The partly crystal¬ 
line product was mixed with acetone, and crude benzenylmethyl-jp- 
nitrophenylamidophenylimidine hydriodide (13*8 g.; m. p. 220°) 
was collected. The filtrate was concentrated, basified with ammonia, 
and extracted with ether. The ether residue (27*3 g.) was crystal¬ 
lised from alcohol (220 c.c.), which deposited benzenylmethylphenyl- 
amido-p-nitrophenylimidine (10*2 g.; m. p. 136°) on keeping for 
1 hour, whilst the filtrate deposited crude benzenyl-p-nitrodiphenyl- 
amidine (4*1 g.; m. p, 163°) on keeping over-night. The final 
mother-liquor was evaporated to a syrup and mixed with con¬ 
centrated hydrochloric acid (10 c.c.) and a little acetone, whereupon 
benzenyl-p-nitrodiphenylamidine hydrochloride (0*43 g.; m. p. 
249°) separated. The filtrate from this was deprived of acetone, 
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dissolved in dilute hydrochloric acid, and mixed with sodium iodide, 
crude benzenyhnethyl-p-nitrophenylamidophenylimidine hydriodide 
(0-71 g.; m. p. 197°) being then deposited. The filtrate was basified 
and extracted with ether, which gave a semi-solid residue (10*3 g.). 
This was crystallised from alcohol and gave crude ^-nitromono- 
methylaniline (0*82 g.; m. p. 150°), but no other crystalline material 
could be isolated from the filtrate. When the various crude pro¬ 
ducts were purified by the methods described earlier in this paper, 
benzenylmethyl-p-nitrophenylamidophenylimidine hydriodide was 
obtained in 24-9% yield (11-36 g. of m. p. 225 Q + 0-76 g. of m. p. 
224°), benzenylmethylphenylamido-p-nitrophenylimidine in 28-8% 
yield (9*71 g. of m. p. 138° -f 0*37 g. of m. p. 137°), and benzenyl- 
p-nitrodiphenylamidine was recovered unchanged in 8*8% yield 
(2*67 g. of m. p. 181° + 0-41 g. of m. p. 178°). 

One of us (C. C.) is indebted to the Department of Scientific and 
Industrial Research for a grant which he desires gratefully to 
acknowledge. 

Municipal College op Technology, 

University op Manchester. [Received, August 9 th, 1927,] 


CCCX.— Low-temperature Oxidation at Charcoal 

Surfaces . Part IF. The Active Areas for 

Different Acids and their Relative Rates of 
Oxidation . 

By Winifred Mary Wright. 

In previous communications (J., 1925, 127, 1347; 1926, 1813, 
3182), it was demonstrated that the surfaces of charcoals containing 
both iron and nitrogen could be differentiated by the method of 
selective poisoning into areas of different catalytic activities for the 
oxidation of oxalic acid. Whilst it was shown that these areas 
were differentiated in respect of their structure (the Fe-C-N, 
Fe-C, and C-C areas), of the rates of oxidation, and of the temper¬ 
ature coefficients of the oxidation processes on the areas, the method 
of estimating the total active carbon area from the amount of amyl 
alcohol absorbed only gave a maximum value for the fraction of 
the surface which was active. It is unlikely that the amyl alcohol 
is adsorbed preferentially only on the most active area if this is 
already covered with oxalic acid. It is also improbable that one 
amyl alcohol molecule is attached to but one carbon atom of the 
underlying surface. Since the active carbon area, even in very 
active promoted charcoals, greatly exceeds the more active areas 



2324 


WEIGHT .* LOW-TEMPERATURE OXIDATION 


of the promoted iron and iron-nitrogen patches, it was suggested by 
Dr. E. K. Rideal that it might be possible to determine both the 
adsorption of the poison and the displacement of the acid effected 
on this area. 

Two specimens of charcoal were employed, Merck’s blood- and 
Kahlbaum’s sugar-charcoal; each charcoal was powdered to pass 
an 80-mesh sieve and heated for 2 hours at a low red heat in silica 
crucibles before use. The amyl alcohol content of the aqueous 
oxalic acid-amyl alcohol solutions employed was determined by the 
drop-weight method, and the oxalic acid content by titration with 
permanganate as previously described. The results obtained are 
shown in Table I. 

Table I. 

A. Merck’s Blood-charcoal . 


Amyl alcohol. 

Oxalic acid. - 



—-<--- 




Mols. of 

Bulk con¬ 



Bulk con¬ 


alcohol re¬ 

centration 

Adsorbed 

Displaced 

centration 

Adsorbed 

quired to dis¬ 

(g.-mol. 

(g.-mol. 

(g.-mol. 

(g.-mol. 

(g.-mol. 

place 1 mol. 

per 1.). 

per g. of C.). 

per g.). 

per 1.). 

per g. of C.). 

oxalic acid. 

0-025 

6*93 X 10“ 4 

0 

0 

0 

0 

77 

5*76 „ 

1-17x10-* 

0-0156 

7-31 x 10~ 4 

6-3 

» 

4-58 „ 

2*35 „ 

0-0313 

14-35 „ 

6-1 


2*20 „ 

4*73 „ 

0-0625 

26-5 „ 

5-5 

77 

0*0 „ 

6-93 „ 

0-125 

49-0 

(7*1) 

0*5 

42-0 xlO- 4 

0 

0 

6 

0 

77 

3S*3 „ 

3*7 „ 

0-05 

24-5 

6-6 

77 

340 „ 

8*0 „ 

0-15 

48-3 

6*0 

55 

30*1 „ 

H-9 „ 

0-25 


.5-8 

0*75 

50*0 „ 

0 

0 

0 

0 

57 

36*0 „ 

14*0 „ 

0-25 

67-0 „ 

4*8 


B* 

KahTbaum’s Sugar-charcoal. 


0*75 

36*9 X 10" 4 

0 

0 

0 

0 

55 

33*9 „ 

3*0x10-* 

0-05 

10x10-* 

3*3 

55 

27*4 „ 

9*5 „ 

0-15 

26 „ 

2*7 

55 

14*9 „ 

22*0 „ 

0-25 

40 „ 

1*8 

* This was a hard brittle charcoal (unlike the soft charcoal used in Part I 


of this series). 

It is clear from these data that the amyl alcohol is by no means 
preferentially adsorbed in the presence of oxalic acid, but that the 
number of mols. of amyl alcohol required to desorb one mol. of 
oxalic acid depends both on the relative concentrations of the two 
adsorbents and on the nature of the adsorbate. Since with blood- 
charcoal, at the concentration (0"025.ikf) giving the maximum 
oxidation velocity, 6 mols. of the alcohol only displace 1 mol. of the 
acid, the adsorption of the former does not give a trustworthy means 
of estimating the active area. 
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A search for a more efficient poison was made. Saturated solu¬ 
tions of diphenyl ether, tert ,-butyl jp-aminobenzoate, allyl ^-amino- 
benzoate, octadecyl acetate, and hexadecylcarbamide were tried, 
but none of these reduced the rate of oxidation of oxalic acid by 
more than 70%. Solutions of dibromoacetic acid, ethylene di¬ 
bromide, saponin, and sodium palmitate were also used; of these the 
soap was most efficient, giving 75% poisoning, but owing to its 
colloidal nature it was unsuitable for estimating the active areas. 
Ethylene dibromide, though very slightly soluble, gave 50% 
poisoning. A saturated solution of ethylene dibromide in aqueous 
ethyl alcohol (4% alcohol) gave 93% poisoning with oxalic acid, 
but further addition of alcohol gave an increased oxygen-uptake, 
owing to some secondary effect. A few determinations of dis¬ 
placement of oxalic acid by this substance were made, and from the 
degree of poisoning the active areas were calculated, but these 
results are untrustworthy owing to the unknown effect of alcohol 
on the oxidation velocity. 

An attempt was made to poison the charcoal for the oxidation 
of lY-formic acid by the addition of salts. Silver nitrate, copper 
sulphate, and aluminium chloride in N/ 100- and N /10-solutions 
were tried, but none of these gave more than 15% poisoning. 

Finally, a saturated solution of caproic acid (O0462V) was found 
to be a fairly effective poison of the charcoal for the acids investi¬ 
gated. Its absorption was determined by the drop-weight method. 

The results of poisoning Kahlbaum’s sugar-charcoal with caproic 
acid for the oxidation of four acids are given in Table II. [Con¬ 
trary to our previous results (Part I, p. 1353), we find that formic 
acid is readily oxidised in the absence of impurities.] 

Caproic acid is clearly a more selective poison than any material 
hitherto examined. We note that 2 mols. of both aminoacetic 
acid and formic acid, 1*5 mols. of malonic acid, and 1 mol. of oxalic 
acid are displaced on the adsorption of 1 mol. of caproic acid, from 
which we may deduce the relative areas of these molecules on 
adsorption. These small values are somewhat surprising, if, as is 
frequently assumed to be the case, caproic acid is adsorbed with 
its chain parallel or attached to the underlying carbon atoms. It 
appears that 1 mol. of caproic acid can displace only two carboxyl 
groups (compare formic, aminoacetic, and oxalic acids). In every 
case, complete poisoning would be obtained when 3T X 1(H 
g.-mol. (mean value of A) of caproic acid is adsorbed per g, of 
charcoal. 

The total carbon area active for oxidation is thus identical for all 
the four acids investigated on this particular charcoal, whilst the 
rates of oxidation of the various acids at their respective maxima • 
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Table II. 


Acid. 

M. 

XxlO 4 . 

k. 

P . 

dxio 1 . a X10 *. 

dja. 

D x 10‘. A X 10*. 

Oxalic. 

0-015 

4*5 

0*75 

62 

2*1 

2*0 

1*05 

3*4 

3*2 


„ 

» 

99 

91 

3*2 

3*1 

1*03 

3*5 

3*4 

Formic . 

0-5 

6*2 

0*55 

11 

0*6 

0*4 

1*5 

5*4 

3*6 

» . . 


» 

99 

69 

4*1 

2*05 

2*0 

6*0 

2*9 

Malonic . 

0-05 

7*6 

0*43 

48 

2*1 

1*3 

1*6 

4*4 

2*7 

. 

99 

99 

99 

70 

3*2 

2*0 

1*6 

4*6 

2*9 

Aminoacetic 

0*50 

6*3 

0*22 

37 

2*1 

1*1 

1*9 

5*9 

3*0 


»* 

99 

99 

88 

5*4 

2*6 

2*1 

6*1 

3*0 

Oxalic * . 

0*015 

4*5 

0*75 

95 

1*33 



1*4 


Formic * ... 

0*5 

6*2 

0*55 

93 

3*0 



3*25 



M =z Concentration for ma ximum rate of oxidation (g.-mol. per litre). 

X = Acid adsorbed on unpoisoned charcoal (g.-mol. per g. of charcoal). 
h — Reaction velocity on „ „ (c.c. 0 2 per g. of C per hr.). 

P ~ % Poisoning. 

d — Acid displaced for P % poisoning (g.-mols. per g. of C). 
a — Caproie acid adsorbed for P % poisoning (g.-mols. per g. of C). 

D = Acid displaced for complete poisoning (g.-mols. per g. of C). 

A s=s Caproie adsorbed „ „ „ ( „ „ „ ). 

(D and A are calculated on the assumption that the degree of poisoning is 
proportional to the amount of acid displaced, or of poison adsorbed, although 
the results show that this is not strictly accurate.) 

* These were poisoned with saturated ethylene dibromide in 4% aqueous 
alcohol. Malonic and aminoacetic acids were not poisoned readily by this 
substance. 

are by no means identical. We may attempt a revaluation of the 
active area per g. of charcoal from these data. The total specific 
area of the charcoal, as determined by the saturation point of 
methylene-blue (see Part I), is 185 sq. m. per g. Since there is 
some doubt as to -whether the methylene-blue method actually 
gives the total area, owing to the inability of the large molecules of 
the dyestuff to penetrate into the micropores of the charcoal, the 
surface saturation point of oxalic acid was determined from the. 
adsorption isotherm. 

From Table I r it is noted that 37 x 10 -4 g.-mol. is adsorbed per g. 
from a 0-75Jf-solution; the adsorption isotherm is inconveniently 
flat near the maximum, but we may assume the maximum to be at 
ca . 40 X 10 -4 g.-mol. per g. 

The area of the adsorbed oxalic acid molecule is unknown, but, 
regarding it as equal to that of two expanded carboxyl groups, we 
obtain 50 A. per mol., giving an area of 1212 sq. m. per g., or some 
seven times greater than that given by the methylene-blue method. 
The amount of oxalic acid displaced on complete poisoning by 
caproie acid is 3-5 x 1<H g.-mol. per g., or 8*75% of the total 
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surface is effective; on poisoning with ethylene dibromide, 1-4 X 10~ 4 
g.-mol. per g. is displaced, or 3*5% of the total surface is effective, 
when the oxalic acid is employed as a means of evaluating the total 
area. These values are considerably smaller than those given pre¬ 
viously where methylene-blue was employed. They are probably 
more accurate, in that the amount of poison adsorbed agrees closely 
with the amount of acid displaced, the poison being very much more 
preferential in its action than amyl alcohol. 

Experiments with Promoted Charcoal .—An active promoted char¬ 
coal was prepared from sugar, carbamide, and ferric chloride, and 
the rates of oxidation of the four acids were determined on speci¬ 
mens of this charcoal. The oxidations due to the presence of the 
Fe-C-N and Fe-C areas were determined in the manner previously 
described by poisoning with solutions of potassium thiocyanate 
and potassium cyanide. The relative rates of oxidation of the four 
acids on the unpoisoned promoted charcoal are : 

C.c. of 0 2 per Relative Relative rate on 


Acid. g. per hr. rate. sugar-charcoal. 

Aminoacetic .. 1*2 1 1 

Malonie . 0*74 0*6 2 

Formic . 4*4 3*6 2-5 

Oxalic... 5*3 4*4 3*4 


/'Tt will be noted that malonie acid is oxidised relatively slowly on 
^the promoted charcoal. It was found also that there was no appre¬ 
ciable alteration in its rate of oxidation on the addition of either 
potassium cyanide or potassium thiocyanate, an indication that the 
promoted areas in the charcoal are not effective in oxidising this 
acid. The final product of oxidation of malonie acid (see Part I) 
is glyoxylic acid, and it is probable that hydroxymalonio acid is 
formed as an intermediate oxidation product. This hydroxy-acid 
may poison the iron in the presence of oxygen by the formation of a 
complex similar to that formed by ferrous salts with hydrogen 
peroxide in Fenton’s test for hydroxy-acids. The transient purple 
of this test can indeed be obtained on application of Fenton’s 
reagents to a solution of malonie acid which has been agitated with 
charcoal in the air for some hours. The two breaks in the velocity- 
poisoning curves indicative of the presence of two promoted areas 
(compare Pt. Ill) could be obtained with both aminoacetic and 
formic acids, and show that these acids, like oxalic acid, oxidise at 
different speeds on the three types of surface (the Fe-C-N, Fe-C, 
and G-C areas) present in the charcoal. 

It was found difficult to obtain accurate values for the effective 
areas of these pronfoted areas for formic and aminoacetic, acids, 
since the iron is slowly extracted from the charcoal in the presence 
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of these acids. The approximate values are given in the following 
table : 

Velocity (c.c. of 0 2 per g. per hr.) on 


Acid. Fe-C-N area. Fe-C area. 

Aminoacetic . 1*08 0*009 

Formic . 3*90 0*042 

Oxalic... 4*37 0*049 


The relative areas were found to be 9*1 sq. m. per g. for the Fe-C 
area and 5*5 sq. m. per g. for the Fe— 1 C—N area. It will be noted 
that the relative rates of oxidation for the acids on the promoted 
Fe-C-N area are not widely different from those on the sugar-char- 
coal, and although the experimental error is much greater on 
account of the small velocities observed, a similar sequence in 
velocities is noted on the Fe-C area. We may conclude that the 
active patches on such charcoals are definite in extent and possess 
the property of oxidising a number of different acids, and that the 
difference in speed of reaction for different acids is to be attributed to 
the ease of reaction of the acid with the excited oxygen. This is 
probably present on the surface of the charcoal in the form of a 
peroxide which may be desorbed from the surface by excess of 
acid. 

That the ease of oxidation of these fatty acids in aqueous solution 
follows the same sequence as the reaction velocity of catalytic 
oxidation at charcoal surfaces was demonstrated by measuring the 
depolarising capacity of solutions of these acids. These were 
determined by electrolysis between a small platinum cathode and 
a large, smooth platinum anode of an N /5-solution of sulphuric acid 
which was also N with respect to the acid under investigation. 
With the aid of a normal calomel electrode, salt junction, and 
Wheatstone bridge, the anode potential could be determined for 
various current densities at 25°. The curves obtained for the 
various acids are depicted in the figure. 

It will be seen that neither acetic nor succinic acid exerts any 
appreciable depolarising action on the anodic evolution of oxygen, 
and neither of these acids is oxidised at observable rates with the 
charcoals hitherto examined by us; on the other hand, the depolaris¬ 
ing powers of oxalic, formic, and aminoacetic acids fall in the order 
of their rates of oxidation on charcoal surfaces. Tyrosine, a sub¬ 
stance readily oxidised at charcoal surfaces, is included for com¬ 
parison. 

Summary, 

The oxidation rates and the effects of poisoning with caproic 
acid on charcoal surfaces have been examined for formic, oxalic, 
malonic* and aminoacetic acids. It is found that the amounts 
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of poison absorbed required to inhibit the oxidation of these acids 
are identical. The effective catalytic area is found by this method 
to be about 4—8% of the total surface. With the exception of 

Fig. 1. 


Electrolytic oxidation of acids on a platinum anode (21 sq. cm . area). 



tf^-H 2 S0 4 O. /5-H 2 S0 4 + N acetic acid Q. JV/5-H 2 S0 4 + -succinic 
acid A. JN r /5-H 2 S0 4 -f N -aminoacetic acid *. N /5-H 2 S0 4 + N /10-tyrosine f>. 
tf/5-H a S0 4 + -malonic acid +. N/5- H 2 S0 4 + ^-formic acid X . N/5- H 2 S0 4 
+ ^-oxalic acid •. 

malonic acid, all these acids oxidise more rapidly on the promoted 
Fe-C-N and Ee-C areas than on pure charcoal. The poisoning of 
the promoted charcoal in the case of malonic acid is attributed to 
the hydroxy-acid formed as an intermediate oxidation product. 
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LE E&VRE, MOIEt, AND TURNER : 

The velocities of oxidation at their respective maximum rates are 
shown to follow the order of depolarisation for oxygen liberated at 
a platinum electrode. 

Laboratory oe Physical Chemistry, 

Cambridge. [Received, May 3rd, 1927.] 


CCCXI .—Orientation Effects in the Diphenyl Series . 
Part IV. The Reduction of BandrowsJci’s and of 
Strakosch’s Dinitrobenzidines 9 and the Condensation 
of the Products with Benzil. The Nitration of 
2-Nitrodiacetylbenzidine and of 4: 4!-Dibromo- 
diphenyl . 

By Raymond James Wood Le Fi&vre, Daniel Donald Mom, 
and Eustace Ebenezer Turner. 

It was recently shown (Le Fevre and Turner, J., 1926, 1759) that 
Cain’s supposed 3:3'-dinitrobenzidine (Bandrowski’s dinitro- 
benzidine) was the 2 : 3'-derivative, but, as was then fully realised, 
one difficulty still remained in connexion with the supposed identity 
of the two quinoxalines obtained by Cain and later by Brady and 
McHugh (J., 1923, 123, 2047) by condensation with benzil of the 
tetra-amines derived from Bandrowski’s and Strakosch’s dinitro- 
benzidines. In view of the difficulty of purifying Bandrowski’s 
compound (compare Le Fevre and Turner, loc. cit .), an obvious 
explanation of the above facts was that the quinoxaline obtained 
from the Bandrowski material actually was derived from the 
Strakosch product, present as an impurity in the specimens of 
Bandrowski’s dinitrobenzidine used for reduction. 

We hesitated to advance this as a solution of the problem in 
the light of the conclusions of Brady and McHugh, but, in view of 
the fact that the Bandrowski’s dinitrobenzidine prepared by Le 
Fevre and Turner (loc. cit.) had m. p. 236—237°, i.e., higher than 
that given by previous workers, we have carefully re-investigated 
the compounds concerned. We find that, in spite of the difficulties 
mentioned above, Bandrowski’s dinitrobenzidine, melting at 233°, 
does, on reduction, followed by treatment with benzil in glacial 
acetic acid, give, as the most readily isolable product, a quin¬ 
oxaline which is undoubtedly identical with that derived normally 
from 3: 3': 4 : 4'-tetra-aminodiphenyl, and that therefore the 
ini tial Bandrowski’s dinitrobenzidine must have contained some 
3: S'-dmitrobenzMine. 

There is a very marked difference in the behaviour of the two 
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tetra-amines when treated with benzil. With that derived from 
Strakosch’s dinitrobenzidine, a copious precipitate is obtained, but 
with that derived from Bandrowski’s dinitrobenzidine (m. p. 233°, 
or a little lower), only a small quantity of precipitate results. The 
smallness of the yield was not mentioned by previous authors, and 
the foregoing explanation was therefore not suspected. The amount 
of Strakosch’s dinitrobenzidine necessary to depress the m. p. of 
pure Bandxowski’s dinitrobenzidine from 236—237° to 233° has 
been estimated, by examining artificial mixtures, as 2—3%. Such 
a proportion is in approximate agreement with the yields of quin- 
oxaline obtained from various samples (see Experimental). 

During the progress of this work, Hodgson (J., 1926, 2384) 
showed that some 3 :3'-dinitrobenzidine was formed during the 
nitration of diphthalylbenzidine, but he did not attempt to demon¬ 
strate the presence of the 3 : 3'-isomeride in what has always been 
called Bandrowski’s dinitrobenzidine, i.e., a compound melting in 
the neighbourhood of 233°. 

Methods previously described (Brunner and Witt, Ber 1887, 
20, 1024; Brady and McHugh, loc . cit.) for the reduction of Ban¬ 
drowski’s dinitrobenzidine proved unsatisfactory, but it was readily 
effected by iron powder, water, and ferric chloride. 

Brady and McHugh showed that the two tetra-amines behaved 
very differently towards nitrous acid. A marked contrast was also 
observed when each was warmed in dilute acetic acid solution with 
acetic anhydride. In one case (2 : 3': 4 :4'), bunches of white 
needles slowly separated from a purple solution, whilst in the other 
case there was immediate formation of an iridescent cream-coloured 
paste of minute needles. The compounds formed were the expected 
tetra-acetyl derivatives. 

It was shown (Le Fevre and Turner, J., 1926, 2476) that Cain’s 
benzidine-benzil condensation product was dibenzoylbenzylidene- 
benzidine (I). 2 : 3': 4 : 4 / -Tetra-aminodiphenyl (Bandrowski’s 

tetra-amine) would therefore be expected to condense rapidly with 

(I.) C0Ph'CPh:N<^^>—^^^NlCPh/COPli 

benzil in cold glacial acetic acid solution to give (II), which should 
condense further with benzil only at higher temperatures. We 



find that (II) is soluble in cold acetic acid, and that on heating the 
solution in which it is formed it undergoes further •condensation 
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with production of what is evidently a mixture of the two benzoyl- 
benzylidene derivatives and the dibenzoylbenzylidene derivative 
corresponding with (I). 

Although we have improved upon the usual process for obtaining 
Bandrowski’s dinitrobenzidine, we attempted to prepare the corre¬ 
sponding tetra-amine without recourse to the parent dinitro¬ 
benzidine. 4-Bromo-4'-nitrodiphenyl was nitrated to give 4-bromo- 
3 : 4'-dinitrodiphenyl (III) which on further nitration gave 4-bromo- 
2': 3:4 , -trinitrodiphenyl (IV) (Le Fevre and Turner, J., 1926, 
2041). Small quantities of the latter compound were readily 
convertible into 2 ': 3 : 4'4rinitro-4-aminodiphenyl, but the large- 
scale conversion proved unsatisfactory. The reduction of the 
trinitroamine was accordingly not fully investigated. 




(IV.) 


When (IV) was dissolved in boiling nitrobenzene, and dry am¬ 
monia was passed through, a bright yellow substance was obtained, 
apparently 4:4' -bis-op-dinitrophenyl-2 : 2'-dinitrodiphenylamine (V). 
The results of similarly treating other compounds containing reactive 
halogen atoms are recorded in the experimental part. 

When attempting to prepare 2 : 3' - dinitrobenzidine from 2-nitro- 
diacetylbenzidine (Le Fevre and Turner, loc. tit.), we observed that 
an impure product occasionally results, apparently owing to over- 
nitration. We have now obtained from such products, by appli¬ 
cation of the method used for preparing Bandrowski’s dinitrobenz- 
idine from diphthalylbenzidine, the sparingly soluble sulphate of 
2:5: 3 '-trinitrobenzidine (VI), the constitution of which is proved 

NOo 

(V.) ( m 2 <^>~<^NH 2 (Vl.) 

V ^fo 2 *T0 2 / 2 N0 2 *TO 2 


by its conversion by the perbromide method into 4: 4 '-dibromo- 
2:5: 3'-trinitrodiphenyl, this in turn being identified by its ready 
conversion into a dipiperidino-compound, viz., 2:5: %-trinitro- 
4 : 4'-dipiperidinodiphenyl (VII). 

NO, 

NO* NO a 

(VH.) 

Lelhnann (Ber., 1882, 15, 2838) had previously isolated by over- 
nitration of dibromodiphenyl a trinitro-derivative, having a m. p. 



(VTII.) 
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some 70° lower than that of the above compound. Lehmann’s 
compound is, however, the isomeric 4 : 4:'-dibromo-2 : 3' : 5'-£n- 
nitrodiphenyl (XIV), since 4-6romo-2 : 3': 5' 4rinitro-4/-piperidino- 
diphenyl (VIII) is formed from it with great readiness. 

Comparison of the results now obtained with those previously 
recorded (this series) appears to show that, amongst the examples 
studied, the op - directive influence of groups decreases in the order 
NHAc>^-NBLA.c*C 6 H 4 > > p-Br*C 6 n 4 >Br, the first being very power¬ 
ful. In the light of this, it is possible to discuss the complete 
nitration of 2-nitrodiacetylbenzidine (IX) and of 4:4'-dibromo- 
2-nitrodiphenyl. 

The former is now known to give as the main product 2 : 3'-di- 
nitrodiacetylbenzidine (X), but since it has been shown (Bell and 
Kenyon, J., 1926, 2705) that 4-acetamidodiphenyl nitrates in 
position 3, i.e. 3 in the nucleus containing the acetamido-group, it 
would not be surprising, particularly in view of the now established 
powerful directive effect of this group, if some of the isomeric 
2 :5-compound (XI) were also formed. Further nitration of a 

NHAc<^^—<^~\NHAc-> NHAc<^ \ —\nHAc 

no 2 \ *fo 2 NX) 2 

(ix.) \ (X.) 

* NO, 

(vi.) «— imAc/^^ 

N0 2 (XI.) 

mixture of (X) and (XI) would only be expected to affect (XI). We 
have actually found that (X) is unaffected by fuming nitric acid at 
25°, i.e. 3 under conditions more drastic than those under which the 
trinitro-compound (VI) was originally formed. The nitration of 
2-mtrodiacetylbenzidine, therefore, in all probability proceeds in 
accordance with the scheme outlined above. 

The nitration of 4 ; 4'*dibromo-2-nitrodiphenyl has previously 
been shown (Dennett and Turner, J., 1926, 476) to be controlled 
entirely by the bromine atom in the ring B (XII), since nucleus A 
is rendered ineffective owing to the presence of the nitro-group : 
4 : 4'-dibromo-2 : 3'-dinitrodiphenyl is therefore quantitatively pro¬ 
duced. in the further nitration of this compound, each nucleus 
will be as ineffective upon the other as was A in (XII); that is, 
entry of the third nitro-group will be controlled only by the nitro- 
group and bromine atom present in the nucleus attacked. In 
nucleus B (XIII) these groups will both favour nitration in position 
5, whilst in A (XIII) they have antagonistic influences. Nitration 
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therefore occurs in B, with formation of the above 4:4'-dibromo 
2:3': 5'-trinitrodiphenyl (XIV). 



Experimental. 

Preparation of 2 : Z'-Dinitrobenzidine .—The following modi¬ 
fication of the usual process is more satisfactory, particularly as 
regards yield: Powdered diphthalylbenzidine (270 g.) was slowly 
dissolved in 1800 c.c. of fuming nitric acid (d 1*5), the temperature 
not being allowed to rise above 10°. After 15 minutes, the mixture 
was poured on 5 kg. of crushed ice, the resulting light yellow pre¬ 
cipitate being washed first with boiling water and then with hot 
methylated spirit (yield, 350 g.). 

For hydrolysis, 270 g. of the above product, previously dried at 
100°, were dissolved in 1200 c.c. of concentrated sulphuric acid, and 
the solution was heated at 135—140° for 20 minutes. After being 
cooled, the acid solution was poured into 5 1. of water, the tem¬ 
perature not being controlled. The precipitate first formed redis¬ 
solved as the temperature rose, and the nearly clear solution, after 
filtration, deposited long, yellow-brown needles when cooled. These 
were collected and crystallised from dilute sulphuric acid (1:4 by 
vol.). The crystals so obtained were ground with aqueous ammonia, 
and the red base (m. p. 225°) was filtered off. One crystallisation 
from phenol-alcohol gave a definitely crystalline specimen, m. p. 
233°. Two further crystallisations raised the m. p. to 234—235°, 
and to 236—237° (uncorr.), respectively, the final product being 
pure 2:3'-dinitrobenzidine. 

Melting Points of Mixtures of 2 : 3'- and 3 : 3 '-Dinitrobenzidines. 
—The specimens of the two bases used had m. p. 243—244° and 
281—282° (corr.) respectively. A mixture containing 90% of 
2:3'-base and 10% of 3:3'-base shrank at about 224°, showed 
definite signs of melting at 233°, and ran to a liquid at 237°; one 
containing 94*8% of 2:3'- and 5*2% of 3 :3' base reached the 
same three stages respectively at 226°, 236°, and 238*6°; and the 
97-6-24% mixture at 238°, 239*9°, and 241*4°. The above figures 
Were obtained by the use of a completely immersed, short-stem 
standard thermometer. The corresponding uncorrected figures, 
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taken simultaneously with an ordinary thermometer, were : 218°, 
227°, 231°; 220—221°, 229°, 232°; and 232°, 233°, 235°, respectively. 

Reduction of Bandrowski’s Dinitrobenzidine .—Preliminary experi¬ 
ments showed (1) that the tetra-amine is readily soluble in water, 
and (2) that the solution rapidly oxidises in the air. The following 
procedure was therefore adopted: 100 G. of iron powder were 
thoroughly wetted with 100 c.c. of water at 100°; 10 g. of 2 : 3'-di- 
nitrobenzidine were then added, and the whole was well mixed. On 
the addition of a little ferric chloride, reduction proceeded vigor¬ 
ously, and was completed by J hour’s heating with continuous 
stirring. Water was added, and the tetra-amine obtained in clear 
aqueous solution by filtration. Evaporation of this in a current of 
carbon dioxide (a) gave 2 : 3': 4 : 4'-tetra-aminodiphenyl as a 
purplish solid. 

Reduction of Strakosch’s Dinitrobenzidine. —10 G. of the dinitro¬ 
benzidine were shaken in a litre flask with 150 c.c. of methylated 
spirit until in fine suspension. 200 C.c. of water were added, fol¬ 
lowed by 70 g. of sodium hyposulphite, and the mixture was heated 
on the boiling water-bath for an hour. During this time, the colour 
changed from red to pale grey, and the suspended solid almost com¬ 
pletely dissolved. The alcohol was then distilled off, the residue 
extracted with a mixture of water (150 c.c.) and concentrated hydro¬ 
chloric acid (150 c.c.), the extract filtered, and the filtrate evapor¬ 
ated to about 2/3 of its original bulk. On cooling, pale brown 
needles of 3 : 3': 4 :4'-tetra-aminodiphenyl hydrochloride separ¬ 
ated. These, after being crystallised from dilute hydrochloric acid, 
were ground with aqueous ammonia; the liberated base crystallised 
from a mixture of phenol and alcohol in greyish plates, m. p. about 
172—173° (Pound : N, 26-5, 26*3. Calc.: N, 26*2%). 

Condensation of 2 : 3': 4 : 4'- Tetra-aminodiphenyl with Benzil .— 
(a) In the cold . The flask in which the evaporation and extraction 
(a above) had been effected was tared, after its contents had been 
dried, and the soluble material was extracted four times with 
10 c.c. of warm glacial acetic acid. Filtration from a considerable 
quantity of dark-coloured insoluble material enabled the amount of 
tetra-amine in solution to be calculated (generally of the order of 
2 g.). A solution of the required quantity of benzil in cold glacial 
acetic acid was added to the cooled filtrate. After some minutes, 
crystallisation could be induced by scratching, but even after 
12 hours the amount of greenish-yellow precipitate was quite small. 
Reduction of 10 g. lots of specimens of Bandrowski’s dinitro¬ 
benzidine, melting at 225—226°, 233°, and 237° (uncorr.), gave 
1*9, 1*1, and 0*0 g, of “ quinoxaline ” respectively. The crystals 
appeared as radiating bunches of needles when examined under 
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the microscope, and melted in the crude state at 292—300°. The 
product crystallised readily from salicylaldehyde (originally used 
as a reagent to detect a free amino-group) in long, thin, straw- 
coloured plates, m. p. 308—309° (uncorr.). Admixture with an 
authentic specimen of Strakosch’s quinoxaline did not depress this 
m.p. (Cain, Coulthard, and Micklethwait, loo. cit. ; Brady and 
McHugh, loo. cit.) (Found : 1ST, 10-7. Calc.: 10*0%). The mother- 
liquors from this crystallisation were dark coloured, indicating that 
the salicylaldehyde had reacted with the green impurities in the 
crude quinoxaline (see below). 

(b) At 100°. In earlier experiments, condensation was attempted 
using excess of benzil in glacial acetic acid at 100°. In most cases, 
no precipitation occurred, even on scratching. Dilution with water 
produced a gummy deposit, from which dilute alcohol extracted a 
yellowish-gfeen powder, soluble in glacial acetic acid, xylene, 
benzene, chloroform, and acetone, but obviously a mixture, with a 
m. p. range of about 30°. 

A very marked reaction occurred when the product was heated 
with salicylaldehyde, water being eliminated. 

Condensation of 3 : 3' : 4 : 4 '-Tetra-aminodiphenyl with Benzil .— 
To 1 g. of tetra-amine dissolved in 15 c.c. of glacial acetic acid was 
added a solution of 2 g. of benzil in 5 c.c. of the same solvent. A 
precipitate was formed suddenly, and this, when viewed under the 
microscope, appeared as stout needles. Alcohol was added, the 
solid filtered, re-heated with alcohol, and then dried at 100°. The 
cream-coloured powder (m. p. crude, 303—306°) separated from 
salicylaldehyde in straw-coloured plates, m. p. 308° (Found: 
N, 10*7%). It was very sparingly soluble in glacial acetic acid and 
acetone, more soluble in benzene, readily soluble in chloroform, and 
crystallised well from xylene in parallelograms, m. p. 308° (uncorr.), 
313° (corr.). 

Colour Reactions with Concentrated Sulphuric Acid. —The benzil 
condensation products derived both from Bandrowski’s and from 
Strakosch’s tetra-amines gave nearly identical purplish-red color¬ 
ations with concentrated sulphuric acid. The colour is clearly due 
to the quinoxaline structure, and not to the possible presence of 
benzovlbenzylidene groupings, since a(3-diphenylquinoxalrne gave 
a reddish-orange colour, whilst dibenzoylbenzylidenebenzidine 
merely dissolved to a normal yellow solution, which after a few 
minutes set to a white mass of benzidine sulphate. The other 
colours disappear on the addition of water or on exposure to the 
air (compare Brunner and Witt, loo. cit.). 

Preparation of ^-Bromo-2': 3 : 4' -trinitrodiphenyl. —The following 
method proved more satisfactory than that used in Part HI of this 
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series, as it avoided numerous wasteful crystallisations : An intimate 
mixture of 100 g. of 4-bromo-4'-nitrodiphenyl and 52 g. of potassium 
nitrate was slowly added to 300 c.c. of concentrated sulphuric acid 
at 70—80°. The resulting solution was heated at 90° for £ hour, 
then cooled and poured into water. Crystallisation of the resulting 
precipitate from glacial acetic acid gave 4-6romo-3 :4 '-dinitrodi- 
phenyl as dull white needles, m. p. 135° (Found: Br, 24*8. 
C 12 H 7 0 4 lSr 2 Br requires Br, 24*8%). A mixture of 8 g. of the latter 
with 4 g. of potassium nitrate was nitrated in 60 c.c. of concentrated 
sulphuric acid under the above conditions. The product melted at 
176° after one crystallisation from glacial acetic acid. 

2' : 3 : 4' -TrinitroA-aminodiphenyl. —4-Bromo-2' : 3 : 4'-trinitro- 
diphenyl (3 g.) was heated with saturated alcoholic ammonia 
(15 c.c.) in a sealed tube at 150° for 8—10 hours. The product was 
filtered off, dried, and crystallised from glacial acetic acid. It 
formed yellowish-orange needles, m. p. 192—193° (Found : N, 18*7. 
C 12 H 8 0 6 N 4 requires N, 18*4%). This procedure proving very 
tedious, the following modification was attempted: 20 G. of 

4-bromo-2': 3 :4'-trinitrodiphenyl were dissolved in 200 c.c. of 
boiling nitrobenzene, and a current of dry ammonia was passed 
through the solution for 2 hours. A yellow solid soon began to 
separate, and, after cooling, it was collected, washed with benzene, 
dried, and crystallised from phenol-alcohol, forming bright yellow 
needles, m, p. 256—257° (Found : N, 17*0. C 24 H 13 0 12 K 2 requires 
N, 16*6%). The analysis and the fact that the substance separates 
unchanged after being heated with salicylaldehyde prove it to be 
4 : 4' -bis-<yp-dinitrophenyl-2 : 2' -dinitrodiphenylamine (V). Its low 
solubility in solvents prevented a determination of its molecular 
weight. 

Action of Ammonia upon Boiling Nitrobenzene Solutions of other 
Halogeno-nitro*compounds. — (a) Picryl chloride (10 g.) was dissolved 
in boiling nitrobenzene (50 c.c.), and ammonia passed in for 2 hours, 
although solid had begun to separate very soon. The mixture was 
cooled and the resulting solid was crystallised from glacial acetic 
acid and identified as trinitroaniline, m. p. 187—188°. 

(b) l-Chloro-2 : 4-dinitrobenzene (20 g.), treated similarly (50 c.c. 
of nitrobenzene), also gave a precipitate, which separated from 
glacial acetic acid, and had m. p. 180—182°. It was thus 2 : 4-di- 
nitroaniime. 

(c) 2 :5-Dichloronitrobenzene (10 g.) dissolved in 25 c.c. of 
boiling nitrobenzene was apparently unaffected by ammonia. 

(d) 4 ; 4'-Dibromo-2 : 3'-dinitrodiphenyl was partially converted 
into the corresponding bromo - amino - compound under the above 
conditions. 



2338 ORIENTATION EFFECTS IN THE DIPHENYL SERIES. PART IV. 

Isolation of 2:5: 3 7 - Triniirobenzidine .—The crude hydrolysis 
product resulting from a nitration of 70 g. of 2-nitrodiacetyl- 
benzidine was boiled with dilute sulphuric acid, the extract 
filtered, allowed to crystallise, and the resulting sulphate again 
crystallised from dilute sulphuric acid. It was ground with 
aqueous ammonia, and the liberated base crystallised three times 
from phenol-alcohol, dark red needles, m. p. 276°, being obtained 
(Found : N f 21*6. C 12 H 9 0 6 N 5 requires N, 21*9%). 

The diacetyl derivative was a yellow substance, m. p. above 
300°. 

4 :4' -Dibromo-2 : 5 : 3'4rinitrodiphenyl. —A solution of trinitro- 
benzidine (3*2 g.) in 20 c.c. of concentrated sulphuric acid was 
diazotised in the usual manner by 1*4 g. of solid sodium nitrite. 
The solution was diluted by the addition of 100 g. of ice, and 
filtered; 3 c.c. of bromine dissolved in 12 c.c. of hydrobromic acid 
were added, and the oily perbromide which separated solidified after 
15 minutes, and was filtered off. Decomposition by heating with 
40 c.c. of glacial acetic acid proceeded smoothly, and gave rise to a 
cream-coloured, crystalline precipitate of 4 : 4 ’-dibromo-2 : 5 : 3'4ri- 
nitrodiphenyl , which separated from about 250 c.c, of glacial acetic 
acid in wads of needles, m. p, 251—252°. The substance reacted 
readily with piperidine to give the 4: 4 f -dipiperidino-compouiLd, 
which crystallised from rectified spirit in matted needles, m. p. 160° 
(Found : N, 15*8. C^H^OgNg requires N, 15*4%). 

Nitration of 4 : 4'-Dibromo-2 : 3 f -dinitrodiphenyl. —When a solu¬ 
tion of this compound in nitric acid (d 1*5) was allowed to stand, 
according to Lellmann’s instructions, it remained unaffected. 
3 G. of the dinitro-compound in 30 c.c. of a mixture (1:5 by vol.) 
of concentrated sulphuric acid and nitric acid (d 1*5) were left for 
20 hours. Water was then added, and the precipitate extracted 
with a large bulk of alcohol. The residue crystallised from toluene 
in colourless needles, m. p. 176—177°, and reacted very vigorously 
with piperidine, even in the cold, to give the orange-coloured 
4 -bromo-2 : 3': o'4rinitro-4 f -piperidinodiphenyl^ which, after being 
crystallised from much glacial acetic acid, melted at 194° (Found : 
N, 12*5. C^H^O^Br requires N, 12*4%). 

3 : 4 r -Dmiiro-4-anilinodiphenyl. —This substance was obtained by 
heating 4-bromo-3: 4^-dinitrodiphenyl with excess of aniline at 
the b. p. of the latter for 5 minutes. It separated from glacial 
acetic acid in orange leaflets, m. p. 155—156°. 

3 : 2* : 4 r -Triniiro-4-anUino- and -4-methylanilino-diphenyl. —These 
were readily obtained by heating 4-bromo-3 : 2': 4'-ti init rodiphenyl 
with excess of aniline and methylaniline respectively. The anilino- 
derivative crystallises from glacial acetic acid in orange-red leaflets, 
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m. p. 190—191°, and the methylanilino-denvdbtive from the same 
solvent in deep red leaflets, m. p. 212°. 

Part of the expenses of this investigation were met by grants 
allocated to two of us by the Chemical Society, and one of us 
(R. J. W. Le F.) is indebted to the Advisory Committee of the 
Department of Scientific and Industrial Research for a maintenance 
grant. 

East London College, 

University op London. [Received, July 25th , 1927 .] 

CCCXIL —The Preparation of 2: 5-Dihydroxybenz- 
aldehyde (Gentisaldehyde ). 

By Herbert Henry Hodgson and Herbert Greensmith Beard. 

Neubatjer and Flatow (Z. physiol. Ghem. } 1907, 52, 375) prepared 
2:5-dihydroxybenzaldehyde by the oxidation of salicylaldehyde, 
but the present method with m-hydroxybenzaldehyde as initial 
material gives an improved yield of a less crude product. 

A solution of m-hydroxybenzaldehyde (61 g.) and sodium hydr¬ 
oxide (25 g.) in water (400 c.c.), while being vigorously stirred and 
kept at 30—35°, is treated simultaneously from separate dropping- 
funnels with aqueous solutions of potassium persulphate (150 g. in 
1500 c.c.) and sodium hydroxide (200 c.c.; 40%), the additions 
being made during 90 minutes at such rates that the mixture is 
always alkaline. After 36 hours’ standing, the deep brown solution 
is rendered faintly acidic (Congo paper) with concentrated hydro¬ 
chloric acid, and unchanged m-hydroxybenzaldehyde (31 g.) is 
extracted by ether. The solution is then strongly acidified (350 c.c. 
of concentrated hydrochloric acid) and heated slowly to 70°, the 
dark brown, amorphous precipitate (5 g.), which forms gradually, 
being filtered off. (This substance, which chars above 330°, is 
almost insoluble in all organic solvents except boiling glacial acetic 
acid, but readily soluble in aqueous sodium carbonate; it contains 
the aldehyde group, as shown by formation of a -p-nitrophenyl - 
hydrazone which gives the characteristic magenta colour with 
alkalis, and invariably constitutes about 40% of the yield.) The 
2 : 5-dihydroxybenzaldehyde is extracted from the filtrate by ether, 
the ether is removed by evaporation, and the residue extracted by 
benzene; yield 13 g. (m. p. 89—92°). The substance crystallises 
from benzene in bright yellow needles, containing solvent of crystal¬ 
lisation, which rapidly effloresce at the ordinary temperature, 
leaving yellow needles, m. p. 98—99° (Tiemann and Muller, 2?er., 
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1881, 14, 1986, give m. p. 99°). The aqueous solution gives a green 
colour with ferric chloride and red with sodium hydroxide. Identity 
was established with 2 :5-dihydroxybenzaldehyde prepared by 
Neubauer and Flatow’s method (loc. cil), in which the corresponding 
yield of crude product was 12 g. (m. p. 83—90°). Substitution of 
ammonium for potassium persulphate, reduction in time of keeping, 
and oxidation at higher temperatures all produced lower yields. 

2 : 5-Dihydroxybenzaldehyde could not be obtained from 2-nitro- 
5-hydroxybenzaldehyde by reduction, diazotisation, and any 
variation of decomposition procedure, although Sandmeyer treat¬ 
ment of the diazo-solution afforded 30% yields of 2-chloro- or 
2-bromo-5-hydroxybenzaldehyde. 

Derivatives. The p -nitrophenylhydrazone crystallises from glacial 
acetic acid in brick-red needles, m. p. 256—257° (decomp.) (Found : 
N, 15-6. C 13 H 11 0 4 N 3 requires N, 154%). The dibenzoate separates 
from alcohol in slender, colourless needles, m. p. 106—107° (Found : 
C, 72*5; H, 4*1. C 21 H 14 0 5 requires C, 72*8; H, 4*0%), and is 
readily hydrolysed by cold 20% aqueous sodium hydroxide. The 
y-nitrophenylhydmzone of the dibenzoate crystallises from glacial 
acetic acid in fine, orange needles, m. p. 272° (Found: N, 9*0. 
C 2 7H 19 0 6 N 3 requires N, 8*7%). 

Methylation in 10% aqueous sodium hydroxide solution with 
methyl sulphate (2 mols.) gives the dimethyl ether, which crystallises 
from dilute alcohol in colourless needles, m. p. 51° (Tiemann and 
Muller, he. cit. } give m. p. 51°), and forms a p -nitrophenylhydrazone, 
red needles, m. p. 216° (Found: N, 14*7. C 14 H 14 0 4 N 3 requires 
N, 14*6%), from glacial acetic acid. In this methylation a mono¬ 
methyl ether may be isolated, after extraction of the dimethyl ether, 
by acidification and steam-distillation; it passes over and remains 
as a colourless oil with a vanillin-like odour, and gives a blue-black 
colour with ferric chloride and a bright yellow solution with aqueous 
sodium hydroxide, both tests being characteristic of 5-methoxy- 
salicylaldehyde (Tiemann and Muller, loc. cit.) ; the p-nitrophenyl- 
hydrazone crystallises from glacial acetic acid in bright orange 
needles, m. p. 206° (Found: N, 15*4. C 13 H 12 0 4 N 3 requires N, 
15-3%). 

The authors thank the Department of Scientific and Industrial 
Research for a grant to one of them (H. G. B.), and the British 
Dyestuffs Corporation for gifts of chemicals. 
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CCCXIII .—The Determination of the Structure of a- 
Hydroxyanthranols. 

By Albert Green. 

The reduction of an a-hydroxyanthraquinone to the corresponding 
anthranol may occur in two ways: e.g. } 1-hydroxyanthraquinone 
may give 1 : 9-dihydroxyanthracene (I), 1 :10-dihydroxyanthraeene 
(II), or a mixture of these two. 


OH OH OH OH 



By the reduction of alizarin 2-methyl ether, Miller and Perkin 
(J., 1925, 127, 2684) obtained a mixture of the two possible iso¬ 
meric anthranols, and were able to assign structures to them by 
observing the differences in the resistance of the derived benz- 
anthrones to methylation. The use of the benzanthrone con¬ 
densation in the determination of the structures of reactive sub¬ 
stances such as the anthranols has disadvantages : purification of 
the products is tedious, and the yields are very small. Miller and 
Perkin (loc. cit.) themselves suggest that the poor yields are a result 
of the anthranols suffering alteration during heating with sulphuric 
acid for 1 hour at 125—130°. However, in a later paper (Cross and 
Perkin, this vol., p. 1297) improved methods of effecting the 
benzanthrone condensation are described. 

The present method for deciding whether an anthranol is of 
type (I) or of type (II) depends on its reaction with thionyl chloride, 
which takes place at the ordinary temperature. It has been shown 
(J., 1924, 125, 1450; 1926, 2198; this vol., pp. 500, 554) that 
two ortho-kydioxyi groups of a phenol always react with thionyl 
chloride to give a thionyl derivative, but that a similar compound 
is not given by meta- or para-dihydric phenols (J., 1926, 1428; 
this vol., p. 500). In view of the well-established resemblance 
between reactions shown by certain substituents in the peri- 
position (I) and those of the same groups in the oriAo-position, it 
was anticipated that a compound of type (I) would yield a thionyl 
derivative, whereas one of type (II) would not. 

These anticipations were verified by examining, in the first place. 
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the action of thionyl chloride on two substances of known structure, 
1: 8- and 1: 5-dihydroxynaphthalene. When the former, in carbon 
disulphide-pyridine solution, is treated with the theoretical quantity 
of thionyl chloride it gives 1 : 8-thionyldihydroxynaphthalene in 
quantitative yield. The isomeric 1 : 5-dihydroxy-compound, on the 
contrary, does not give a thionyl derivative: all the methods of 
preparation previously described ( loc . cit.) were used, and in every 
case the products were complex mixtures which always contained 
chlorine. 

The method was then applied to three anthranols. Two of these, 
1-hydroxyanthranol and 4z-chioro-l-hydroxyanthranol , yield thionyl 
derivatives, and are therefore 1 : 9-dihydroxyanthracene (I) and 
4-cAforo-l : 9-dihydroxyanthracene (III) respectively. In preparing 
the latter by reduction of 4-chloro-l-hydroxyanthraquinone, it was 
necessary to avoid over-reduction, which'readily led to the replace¬ 
ment of the chlorine atom by hydrogen, with production of 
1 : 9-dihydroxyanthracene (I). 

The products of four experiments with anthragallol anthranol 
and thionyl chloride were all complex chlorine-containing mixtures, 
thus indicating that this anthranol is not 1:2:3: 9-tetrahydroxy- 
anthracene—for this would be expected to give a chlorine-free 
dithionyl derivative, since anthragallol itself yields 2: 3-thionyl- 
anthragallol (J., 1926, 2202)—but is 1:2:3:10-tetrahydroxy- 
anthraeene (IV). This conclusion, which is based on negative 
evidence only, is contrary to that reached by Cross and Perkin 
(foe. cit.). 

The anthranols used in this investigation were prepared from the 
corresponding anthraquinones by the method of Liebermann and 
Mamloek (Ber. y 1905, 38, 1795), with tin and hydrochloric acid in 
acetic acid solution as reducing agent. This method was preferred 
to the more economical one of Breare and Perkin (J., 1923, 123, 
2606), who used a hydrochloric acid solution of stannous chloride, 
because the products were more easily purified. 

The compounds described herein differ from the thionyl deriv¬ 
atives examined previously (foe. cit.) in that the thionyl group forms 
part of a six-atom ring, and is less reactive than one forming part 
of a heterocyclic structure of five atoms. 

Experimental. 

Preparation of Materials .—1 : 8-DihydroxynapMJialem. A com¬ 
mercial specimen labelled “ pure ” contained more than 70% of 
impurities. The naphthol was eventually obtained pure by two 
methods: (I) A hot solution of the mixture in acetic anhydride 
and pyridine, on cooling, deposited practically pure 1:8-diaeetoxy- 
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naphthalene. After one recrystallisation from acetic anhydride, 
this formed small, white plates of constant m. p. 155° (Erdmann, 
Annalen , 1888, 247, 359, gives 147—148°) (Found: CH 3 *CO, 
35-7. Calc. : 35-3%). The acetyl derivative was hydrolysed by 
the rapid addition of hydrochloric acid to its solution in hot acetic 
acid. After removal of some tarry matter by filtration through 
asbestos, a warm saturated solution of sulphur dioxide was added, 
and 1 : 8-dihydroxynaphthalene separated as hair-like, white needles, 
m. p. 144° (Found : C, 74-8; H, 6-1. Calc. : C, 75*0; H, 5*0%). 
(II) The impurities were very sparingly soluble in cold acetic acid, 
and were removed by fractional crystallisation. The acetic acid 
solutions, when diluted with water, yielded the naphthol as small, 
greyish-white crystals, which, after drying over sulphuric acid, 
melted at 142—143° (Found : C, 74*8; H, 5*2%). 1: 8-Dihydroxy - 
naphthalene dissolves in concentrated sulphuric acid with a greenish- 
gold colour, and its colourless solution in alcohol becomes dark green 
on the addition of ferric chloride. 

The anthraquinones, which were converted into the anthranols, 
were obtained by the hydrolysis of the purified acetyl derivatives 
(compare J., 1926, 1431, 2199). 

1 : 9 -Dihydroxyanthracene ( 1 -Hydroxyanthranol) . This was ob¬ 
tained, by treating the hot acetic acid solution of the diacetate with 
hydrochloric acid, as faintly yellow, square plates, m. p. 142° 
(Found: C, 79*9; H, 4*9. Calc.: C, 80*0; H, 4*8%). The 
diacetate separated from a mixture of acetic anhydride and pyridine 
in short, pale yellow, six-sided prisms, m. p. 211° (Found : CH 3 *CO, 
29*3. Calc. : CH 3 *CO, 29*3%). 

4-Chloro-\ : 9 -dihydroxyanthracene (4- Chioro >1 -hydroxyanthranol). 
Owing to the ease with which 4-chloro-l -hydroxyanthraquinone was 
reduced to 1 :9-dihydroxyanthracene, it was necessary to control 
the reduction carefully. The addition of hydrochloric acid to the 
acetic acid solution was stopped as soon as a test portion, added to 
excess of caustic soda, no longer showed a trace of the red colour 
of the sodium salt of the hydroxyanthraquinone (about 3 minutes). 
The solution was then rapidly decanted from the residual tin and 
cooled. The acetylated product, after recrystallisation from 
absolute alcohol, yielded 4-chloro-l : 9-diacetoxyanthracene as rosettes 
of faintly yellow, fine needles, m. p. 157° [Found : Cl, 10*7; CH 3 *CO, 
28*5. C 14 H 7 0 2 C1(CH 3 -C0) ? requires Cl, 10*8; CH 3 -CO, 28*2%]. 
The hot acetic acid solution of these, when treated with hydro¬ 
chloric acid, deposited 4-chloro-l : 2-dihydroxyanthracene as pale 
greenish-yellow needles of constant m. p. 170—171° (Found 
Cl, 14*5; If, cryoscopic in naphthalene, 245, 250, C 14 H 9 0 2 C1 
requires Cl, 14*5%; M, 244*5), giving a bright greenish-gold solution 
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in concentrated sulphuric acid. Its solution in aqueous caustic 
soda is bright yellow, but on standing in air this is rapidly oxidised 
to the wine-red solution characteristic of the sodium salt of 4-chloro- 
1-hydroxyanthraquinone. In alcohol, the anthranoh gives a pale 
greenish-yellow solution which becomes golden-brown on the 
addition of ferric chloride. 

When 3*2 g. of 4-chloro-l : 9-dihydroxyanthracene were reduced 
further by the method of Liebennann and Mamlock (be. tit.) during 
40 minutes, the product contained less than 1% of chlorine. Its 
solution in a mixture of warm pyridine and acetic anhydride de¬ 
posited 2*1 g. of 1: 9-diacetoxyanthracene, m. p. 208—209°, which 
after one recrystallisation from the same mixture melted at 210— 
211°, either alone or mixed with an authentic specimen (Found : 
CHg'CO, 29*6. Calc.: 29*3%). 

The thionyl derivatives were prepared by the method adopted 
for 1 :2-thionyldihydroxyanthracene (this vol., p. 557). 

1: S-Thionyldihydroxijnaphthalene (5*5 g. from 5*3 g. of the 
naphthol) separated from carbon disulphide in small, pearl-grey 
crystals, m. p. 97° (Found: C, 58*6; H, 2*9; S, 15*5; M , cryo- 
scopic in naphthalene, 218, 210. C 10 H 6 O 3 S requires C, 58*3; 
H, 2*9; S, 15*5%; M , 206). It is stable to moisture and a speci¬ 
men which had stood in air for 9 weeks showed no change in m. p. 
or in sulphur content. Cold aqueous caustic potash has no appre¬ 
ciable effect on the thionyl compound, but a hot alcoholic solution 
decomposes it with the production of a pale amethyst colour and 
the deposition of potassium sulphite. The thionyl compound 
dissolves in concentrated sulphuric acid with a dull amethyst 
colour, which changes to the greenish-gold of the naphthol when the 
solution is heated. 

1: Q-TMonyHihydroxyanihraeene was obtained (5*0 g. from 4*8 g. 
of anthranol) from carbon disulphide as pale greenish-yellow plates, 
m. p. 115° (decomp.) (Found: C, 65*7; H, 3*2; S, 12*7; if, 
cryoscopie in naphthalene, 260, 264. C 14 H 8 0 3 S requires C, 65*6; 
H, 3*1; S, 12*5%; if, 256), It gives a greenish-gold solution in 
cold concentrated sulphuric acid; it is not appreciably soluble in 
cold caustic soda, but yields a light golden-brown solution on warm¬ 
ing. The addition of ferric chloride to its pale yellow solution in 
alcohol produces no ch ang e. 

4:-CJdoro-l : §4hbnyldikydr oxyanthracene crystallised from carbon 
disulphide in pale greenish-yellow plates, m. p. 123—124° (decomp.), 
4*0 g. of anthranol yielding the same amount of thionyl derivative 
(Found: S, 11*2; GL, 12*0; M, cryoscopie in naphthalene, 295. 
0 14 H ? O a ClS requires S, 11*0; Cl, 12*2%; if, 290*5). The colour 
reactions are similar to those of 1:9-thionyldihydroxyanthracene. 
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The products obtained by treating 1 : 5-dihydroxynaphthalene 
with thionyl chloride showed chlorine contents varying from 14 to 
22%; those from anthragallol anthranol contained sulphur in 
amounts varying from 0*7 to 15*6%, and chlorine from 2*1 to 
21*5%. In all cases, the reactions and properties of the products 
pointed to their being complex substances formed by the con¬ 
densation of several molecules. 

The author desires to thank the Research Fund Committee of 
the Chemical Society for a grant which has defrayed a portion of 
the cost of this research, and also The British Alizarine Company, 
Limited, and The Scottish Dyes, Limited, for gifts of materials. 
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CCCXIV .—Some Derivatives of 2:3:5: Q-Dibenzo~l : 8- 
naphthyridine. 

By Robert Downs Haworth and Herbert Shepherd Pink. 

Derivatives of 2:3:5: 6-dibenzo-l : 8-naphthyridine (I) have 
not been previously described, and a method for their preparation 
from homophthalimide is now communicated. Dieckmann (Ber., 
1914, 47, 1428) showed that the diethyl ester of homophthalic acid 
condensed with aldehydes, and homophthalimide is now shown to 
condense in a similar manner with o-nitrobenzaldehyde, giving 
excellent yields of o -yiitrobenzylidenehomophtMUmide (II) in pyridine 
solution in the presence of a trace of piperidine. 



This sparingly soluble substance was reduced with stannous 
chloride in alcoholic solution to l-keto-2 : 3 : 5 : b-dibenzo-l : 8~di~ 
hydro-l : 8-mphthyridine (HI), which is a pale yellow, very weak 
base, dissolving in concentrated mineral acids and being pre¬ 
cipitated on dilution with water; it possesses marked acidic 
properties, however, owing to the presence of the wocarbostyril 
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grouping, and on treatment with dilute potassium or sodium 
hydroxide, bright yellow, sparingly soluble salts were obtained, 
the sodium salt being somewhat more soluble than the potassium, 
salt. Owing to the sparing solubility of this ketodibenzodihydro- 
naphthyridine, further reduction was difficult, but zinc dust in 
glacial acetic acid, saturated with hydrogen chloride, effected 
reduction to l-Jceto-2 : 3 : 5 : 6-dibenzo-1 : 4 : 7 : 8 : 9 : lO-hexahydro- 
1 :8-naphthyridine (IV), which is devoid of acidic properties, but 
readily yields a monohydrochloride and an amorphous nitrosoamine . 



A similar series of compounds w T as obtained from the A'-alkylated 
homophthalimides, the 8 -$-phenyleihyl and 8-(3 -piperonylethyl de¬ 
rivatives [as (II), (III), and (IV)] being described. 

In attempting to reduce the carbonyl group of the ketodibenzo- 
dihydronaphthyridine (III), a small yield of a yellow base, C 16 H 12 ]Nr 2 , 
was obtained by electrolytic reduction in alcoholic sulphuric acid 
solution. The same base was, however, more conveniently pre¬ 
pared (in 20% yield) by heating the keto-compound (III) with 
phosphorus oxychloride and pentaehloride at 180° and reducing 
the unstable ehloro-compound with phosphorus and hydriodie acid 
at 160—170°, the compound (IV) also being formed. The yellow 
base, C 16 H 12 N 2 , was sparingly soluble in organic solvents and its 
dilute solutions exhibited an intense violet fluorescence. The two 
nitrogen atoms are both tertiary in character, since no nitroso¬ 
amine or acetyl derivative can be obtained. It is probably 
2:3:5: %-dibmzoA : 9-dihydro-l : 8-naphthyridine (V), for it dis¬ 
solved in hot dilute hydrochloric acid to give a sparingly soluble 
monohydrochloride, and this monoaeidic character is in agreement 
with the amidine structure suggested. 

Experimental. 

o-N itrobenzylideiiehomopMJialim ide (II).—Homophthalimide (20 g.), 
o-nitrobenzaldehyde (20 g,), pyridine (100 c.c.), and piperidine 
(0*5 c.c.) were boiled until homogeneous, and the heating was 
continued on the water-bath for 2 hours; the solution became 
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dark red and the product gradually separated on cooling in pale 
yellow needles, which recrystallised from pyridine in pale sulphur- 
yellow needles (35 g.), m. p. 236° (Found : N, 9-6. C 16 H 10 O 4 N' 2 

requires N, 9*5%). o-Nitrobenzylidenehomophthalimide is sparingly 
soluble in the usual organic solvents, and gives a yellow solution in 
dilute aqueous sodium hydroxide. 

o-Nitrobenzylidene-N-$-phenylethylhomophthalimide was prepared 
similarly from o-nitrobenzaldehyde and N - (3-phenylethylhomo- 
phthalimide ; it crystallised from pyridine in yellow needles, 
m. p. 146° (Found: N, 7*2. C 24 H 18 0 4 N 2 requires N, 7*0%). 
o-Nitrobenzylidene-lS-fi-piperonykthylhomophthalimide, prepared from 
o-nitrobenzaldehyde and A 7 - (3-piperonylethylhomophthalimide, crys¬ 
tallised from pyridine in yellow needles, m. p. 176° (Found : N, 6*7. 
C 25 H 18°6N 2 requires N, 6*2%). 

l-Keto-2 : 3 : 5 : 8-dibenzo-l : 8-dihydro-l : 8 -naphthyridine (III).— 
A mixture of o-nitrobenzylidenehomophthalimide (II) (15 g.), 
stannous chloride (40 g.) 5 and ethyl alcohol (200 c.c.) was saturated 
with hydrogen chloride and heated on the water-bath for 12 hours. 
After cooling, the tin double compound was collected, digested 
with excess of potassium hydroxide solution for | hour, cooled, and 
the bright yellow potassium salt decomposed by trituration with 
dilute hydrochloric acid; the resulting ketodibenzodihjdronaph - 
thyridine was recrystallised from glacial acetic acid, forming very pale 
yellow needles (12 g.), m. p. 246—247° (Found: C, 77*9; H, 4*1; 
N, 11*1. C 16 H 10 ON 2 requires C, 78*0; H, 4*1; 1ST, 11*4%). It is 
almost insoluble in water, ether, alcohol, acetone, or benzene, 
slightly soluble in hot chloroform, and soluble in hot glacial acetic 
acid or pyridine. It dissolves in concentrated hydrochloric acid, 
but is reprecipitated on dilution. The potassium salt is almost 
insoluble in water. The sodium salt is slightly soluble in hot water, 
from which it separates in glistening, bright yellow plates (Found : 
Na, 8*7. C 16 H 9 ON 2 Na requires Na,,8*6%); it is also obtained by 
boiling the ketodibenzodihydronaphthyridine (III) with methyl- 
alcoholic sodium hydroxide, no further hydrolysis taking place. 

1-Keto-8-$-phenylethyl-2 : 3 : 5 : 8-dibenzo-l : 8-dihydro-l : 8-naph- 
thyridine was obtained from o-nitrobenzylidene-A r -(B-phenylethyl- 
homophthalimide by reduction with stannous chloride, as described 
above. It crystallises from acetic acid in almost colourless needles, 
m. p. 220° (Found : C, 82*1; H, 5*2. C 24 H 18 ON 2 requires C, 82*3; 
H, 5*1%). It is a very weak base, and shows no acidic properties. 
7 ’Keto-8-$-piperonylethyl’2 : 3 : 5: 8-dibenzo-l : 8-dihydro-l : 8 -naph* 
thyridine crystallises from glacial acetic acid in pale yellow needles, 
m. p. 217° (Found : C, 76*0; H, 4*9. C 25 H 18 0 3 N 2 requires 0, 76*1; 
h, 4*6%). ;; - 
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7 -Keto-2 : 3 : 5 : 6-dibenzo- 1: 4 : 7 : 8 : 9 : 10-hexahydro-l : 8 -naph- 
thyridine (IV).—o-Mtrobenzylidenehomophthalimide (6 g.) or keto- 
dibenzodihydronaplitliyridine (III) (6 g.) was dissolved in glacial 
acetic acid (100 c.c.), saturated with hydrogen chloride, and heated 
with a large excess of zinc dust for 3 hours on the water-bath. The 
mixture was diluted with water, made strongly alkaline with ammonia, 
extracted with chloroform, the solvent removed, and the residue 
crystallised first from boiling ethyl alcohol and then from methyl 
ethyl ketone, colourless needles (0-5 g.), m. p. 250°, being obtained 
(Found: C,77-4; H,5*7. C 16 H 14 ON 2 requiresC,76*8; H,5*6%). This 
substance (IV) is more soluble in organic solvents than the dihydro¬ 
compound (III). It is insoluble in sodium hydroxide solution, but 
dissolves in dilute hydrochloric acid; on concentration the mono- 
hydrochloride separates in colourless needles, which darken at about 
225° and decompose at 270° (Found: Cl, 12*3. C 16 H 15 0N 2 C1 
requires Cl, 12*5%). When its solution in dilute hydrochloric acid 
was treated with sodium nitrite an amorphous nitrosoamine gradually 
separated. This was extracted with chloroform, the extract washed 
thoroughly with sodium bicarbonate solution, and the solvent 
removed; the residue gave Liebermann’s test for nitrosoamines. 
The picrate, prepared in alcoholic solution, crystallised from glacial 
acetic acid in small, yellow needles, m. p. 270° (Found : N, 14*6. 
C 22 H 17 0gN 5 requires N, 14*6%). 

7 -Keto-8-$-phenyleihyl-2 : 3 : 5 : 6-dibenzo- 1 : 4 : 7 : 8 : 9 :10 -hexa- 
hydro-l : 8 -napkthyridine, obtained by reducing the corresponding 
dihydro-compound or o-nitrobenzylidene-V-p-piperonylethylhomo- 
phthalimide with zinc dust, as described above, crystallises from 
ethyl alcohol in colourless needles, m. p. 217° (Found : C, 81*1 ; 
H, 6*4. C 24 H 2 2 ON 2 requires C, 81*3; H, 6*2%). l-Keto-8-$- 

piperonylethyl-2 : 3 : 5 : 6-dibenzo-l : 4:7 : 8 : 9 : 10-hexahydro-l : 8- 
naphthyridine separates from ethyl alcohol in colourless needles, 
m. p. 211° (Found: C, 75*4; H, 5*7. C 25 H 22 03 N 2 requires C, 
75*4; H, 5*5%). 

2:3:5: 6-I)ibenzo-4:: 9-dihydro-l : 8-napJdhyridine (V). — The 
corresponding 1; 8-dihydroketo-compound (III; 5 g.), phosphorus 
pentachloride (6 g.), and phosphorus oxychloride (10 c.c.) were 
heated for 5 hours in a sealed tube at 180°. The oxychloride was 
removed under diminished pressure, and the solid residue * (7 g.) 
heated with red phosphorus (1*5 g.) and hydriodic acid (d 1*7; 
30 c.c.) for 9 hours at 160—170°; the pale greenish-yellow solution, 
containing long, pale yellow prisms, was diluted with water, boiled, 
and the sparingly soluble hydriodide decomposed by the addition 

* The chloro-derivative could not be isolated from this solid residue, as 
it was rapidly hydrolysed to the keto-compound (III) by water. 
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of a large excess of ammonia. The base was extracted with chloro¬ 
form, the extract dried, the solvent removed, the residual solid 
dissolved in hot dilute hydrochloric acid, filtered, and cooled; the 
hydrochloride separated in pale orange needles, which were col¬ 
lected, dissolved in water, and decomposed with sodium hydroxide; 
the resulting yellow base crystallised from ethyl alcohol in pale 
yellow needles (0*9 g.), m. p. 232° (Found : C, 82*4, 82-8; H, 5*4, 
5*5. C 16 H 12 N 2 .requires C, 82*8; H, 5*2%). It is sparingly soluble 
in ether, light petroleum, or benzene, fairly soluble in hot alcohol, 
and readily soluble in chloroform, glacial acetic acid, or hot dilute 
mineral acids. Its alcoholic solutions are almost colourless, with 
an intense violet fluorescence. The monohydrochioride crystallises 
from water in pale yellow needles which darken at about 240° and 
gradually decompose at higher temperatures (Found : Cl, 12*9. 
C 16 H 13 N 2 C1 requires Cl, 13*3%). The base does not yield a nitroso- 
amine or acetyl derivative, and could not be further reduced by 
zinc dust and acids. 

The Dyson Perrins Laboratory, Oxford. 

Armstrong College, University of Durham, 

Newcastle-on-Tyne. [. Received , August 9 th 9 1927.] 


CCCXV .—New Reference Compounds in the Sugar 
Group . The Meihylamides of d-, 1-, and i-Dimeth - 
oxysuccinic Acids and of l-Arabo- and i-Xylo-tri- 
methoxyglutaric Acids . 

By Walter Norman Haworth and David Idris Jones. 

Compared with other groups of organic substances, the carbohydrates 
have hitherto been provided with few fundamental reference 
compounds which can serve as final standards for the complete 
identification of the normal and labile forms of sugars through their 
oxidation derivatives. 

The most readily accessible oxidation derivatives of the methyl¬ 
ated aldoses are the lactones of the corresponding acids, and most 
of these lactones are crystalline and give characteristic phenyl- 
hydrazides. A lactone of the 3- or amylene-oxide series can be 
sharply differentiated from the corresponding member of the y- or 
butylene-oxide series by reason of its different rate of hydrolysis 
as revealed by physical methods (Drew, Goodyear, and Haworth, 
this vol., p. 1237; also forthcoming paper by Carter, Haworth, and 
Bobinson). 

The ultimate basis on which the constitution of each of these 
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lactones rests is that of the simple dibasic acids to which they give 
rise on oxidation. Our further study of these lactones by methods 
of degradative oxidation has revealed the need of a final standard 
of comparison of these oxidation products with the derivatives of the 
stereoisomeric forms of tartaric acid and of trihydroxyglutaric acid. 
Methylated derivatives of these acids do not lend themselves to easy 
recognition. Crystalline amides of some of these acids have been 
prepared and examined (Hirst and Purves, J, } 1923, 123, 1352; 
Hirst and Robertson, J., 1925,127,358) and their physical properties 
are of some service for the purpose of identification, but inasmuch as 
these amides melt with decomposition at high temperatures, their 
utility as standard reference substances suffers by reason of the 
untrustworthiness of their application in mixed m. p. determinations. 

A search for new crystalline derivatives of the stereoisomeric 
forms of dimethoxysuccinic acid and of trimethoxyglutaric acid has 
led us finally to adopt as our standards the crystalline methylamides. 
These substances melt at a definite temperature, solidify on cooling, 
and then remelt at the same temperature as before, and they 
undergo no change either of condensation or decomposition at this 
elevated temperature. 

Thus Z-tartaric acid, prepared by Pasteur’s method from racemic 
acid, was esterified to methyl Z-tartrate, and inethylation by the 
usual methods gave rise to methyl 1-dirmthoxysucciTiate. The latter 
was converted with the aid of pure methylamine into 1 -dimethoxy- 
succinomethylamide. Similar methods applied to the corresponding 
d- and t-tartaric acids furnished the remaining stereoisomeric forms 
of the above methylamide. Their physical properties are tabulated 
below for comparison : 

M. p. [a]„ in water. 

<Z-Dimetboxysuccmomethylamide .... 205° -{-132*6° 

l; „ „ „ . 205 “-131*8 

*• >» >, „ . 210 Zero 

Of the four stereoisomeric forms of trihydroxyglutaric acid, two 
are most frequently encountered as oxidation products in the sugar 
group, namely, Z-arabotrihydroxyglutaric acid (I) and i-xylotri- 
hydroxyglutaric acid (II), which are obtained, respectively, from the 
naturally occurring pentoses, arabinose and xylose : 


COoH 

COoH 

H-OH 

H-OH 

(I.) HO--H 

HO-H <n.) 

HO-H 

H-OH 

GOjjH 

co 2 h 

Both these forms are represented in 

the cases which we have 

studied. Thus, Z-trimethyl 8-arabonolactone (III), prepared from 

normal methylated arabinose, has been oxidised with nitric acid and 
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found to give rise almost exclusively to Z-arabotrimethoxyglutaric 
acid (IV). Conversion of this into the methyl ester was followed 
by treatment with methylamine, which gave a quantitative yield of 
1 -arabotrimethoxyglutaromethylamide, m. p. 172°, [a] D + 59’9°. The 
corresponding amide was similarly prepared. Again, the oxidation 
of trimethyl 3-xylonolactone (V) gave an almost quantitative yield 
of i-xylotrimethoxyglutaric acid (VI), which was converted into 
i-xylotrimethoxyglutaromethylamide, m. p. 167—168°, and also into 
the corresponding amide. 


90-1 90 2 H 

E>9*0Me H-C-OMe 

MeO'9’H O MeO*9’H 

MeO*9*H I MeO-9*H 

CH 2 - 1 C0 2 H 

(III.) (IV.) 


90— 
H‘9*0Me 
MeO*9*H 
H*9 # 0Me 
CHo— 
(V.) 


0 


90 2 h 

H*9*OMe 

MeO-9-H 

EM>OMe 

C0 2 H 

(VI.) 


The isolation of these products furnishes a proof of the constitu¬ 
tion of the two S-lactones (III and V), and also confirms the amylene- 
oxide structure of the normal forms of trimethyl arabinose and 
trimethyl xylose. 

Experimental. 


&-Dimethoxysuccinomethylamide .—Methyl cZ-dimethoxysuccinate 
having [a]g* + 79*9° in methyl alcohol (c = 2-04) (compare Purdie 
and Barbour, J., 1901, 79, 973) was prepared from eZ-tartaric acid. 
The ester was dissolved in dry methyl alcohol saturated with 
methylamine. The solution was kept for several days, and on 
concentration yielded long, colourless needles v r hich, recrystallised 
from light petroleum (b. p. 60 — 80°), had m. p. 205°; fa] 1 ,?* + 132*6° 
in water (c = 1*95); yield 90% (Found : C, 47*0; H, 7-S; N, 13*5; 
OMe, 29*5. C 8 H 16 0 4 K> requires C, 47*05; H, 7*8; N, 13*7; OMe, 
30*4%). 

Methyl l-Dimethoxysuccinate .—A specimen of Z-tartaric acid 
[m. p. 167—170°; [a]jf — 14*6° in water (c = 3*15)] w r as prepared 
by fermentation methods from racemic acid, and esterified in the 
presence of methyl alcohol containing 3% of hydrogen chloride; 
yield 95%. The methyl Z-tartrate was methylated by Purdie’s 
reagents and gave a colourless liquid, b. p, 83°/0*07 mm.; 1*4345; 

Mif — 78*8° in methyl alcohol (c = 3*12) (0*2340 G. required 
22*9 c.c. N1 10-sodium hydroxide. Calc.: 22*75 c.c.) (Found: C, 46*8; 
H, 7*0; OMe, 58*3. Calc.: C, 46*6; H, 6*8; OMe, 60*2%). 

l-DimethoxysuccinomethykLmide .—The methyl Z-dimethoxysuc- 
cinate was dissolved in dry methyl alcohol, saturated with methyl- 
amine, and the solution concentrated after 40 hours; & crystalline 
mass then filled the containing vessel. The methylamide was 

4k2 
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recrystallised from ethyl acetate; the long needles thus obtained 
melted at 205°, soli difi ed on cooling, and remelted at the same 
temperature; [a]J>* — 131 *8° in water (c = 1*61); yield 82% (Found: 
C, 46*8; H, 7*7; N, 13*8; OMe, 28*4. C 8 H 16 0 4 N 2 requires C, 47*05; 
H, 7*8; N, 13*7; OMe, 30*4%). 

The crystalline 1 -dimethoxysuccinamide was also made in the usual 
way and isolated as colourless needles which became coloured at 
250°, dark at 270°, melted at 278°, and decomposed violently at 
294°, a behaviour which was identical with that exhibited by the 
d-isomeride (Found: C, 40*8; H, 6*6; N, 15*8; OMe, 33*5. 
C 6 H 12 0 4 N 2 requires C, 40*9; H, 6*8; N, 15*9; OMe, 35*2%). 

i-Dimethoxysuccinometliylamide. —mesoTartaric acid was esterified 
in presence of methyl alcohol and methylated with Pur die’s reagents, 
giving fiat plates, m, p. 68°. This specimen of methyl i-dimeth- 
oxysuccinate was dissolved in methyl alcohol, saturated with 
methylamine, and the solution kept for 3 days, during which long 
needles separated, further crops being obtained by concentra¬ 
tion. The methylamide was recrystallised from ethyl acetate; m. p. 
210°; zero rotation in water (c = l*6); yield 97% (Found: 
C, 46*9; H, 8*0; N, 13*6; OMe, 29*8. C 9 H 16 0 2 N 2 requires C, 47*1; 
H, 7*8; N, 13*7; OMe, 30*4%). 

Oxidation of Trimethyl §-Xylonolactone. —A specimen of this 
lactone, m. p. 55° (Haworth and Westgarth, J., 1926, 886) was 
oxidised with nitric acid (d 1*42) by heating the solution in a water- 
bath at 70—75° for § hour, and thereafter for 3 hours at 90—95°. 
The removal of the nitric acid was effected in the usual way and the 
syrupy oxidation product collected, esterified with dry methyl 
alcohol containing 4% hydrogen chloride, the solution neutralised 
with silver carbonate, and the solvent evaporated. The liquid 
product was dissolved in ether, dried, and distilled; b. p. 102— 
104°/0*09 mm.; 1*4402; the yield was quantitative. That this 

product was methyl i-trimethoxyglutarate was shown by conversion 
into the crystalline amide (yield over 60%); the crystals turned 
slightly brown at 195° and melted quickly at 195—198° to a blue 
liquid. The rotation was zero. Comparison with an authentic 
specimen of i-xylotrimethoxyglutaramide proved its identity. 

i-Trimeihoxyglidarcmetkylamide. — The above ester was dis¬ 
solved in methyl alcohol, saturated with methylamine, and kept for 
15 hours; crystals then separated, and further crops were obtained 
by concentration of the solution. The methylamide crystallised 
from ethyl acetate in silky needles, m. p. 167—168°, solidifying and 
then remelting at 167° (yield 85%). The rotation was zero (Found : 
0, 48-4; H, 8*4; N, 10*85; OMe, 36*3. C 10 H 20 O 6 N 2 requires 
C, 48*35; BE, 8*1; N, 11*2; OMe, 36*4%). 
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Oxidation of Trimethyl §-Arabonolactone. —This lactone (m. p. 
45°; [a]§* + 179-5° in water) was prepared from crystalline tri¬ 
methyl p-methylarabinoside as described by Drew and Haworth 
(this vol., p. 778). The lactone (5 g.) was dissolved in 40 c.c. of 
nitric acid (d 1-42), and the solution heated on the water-bath. 
The oxidation commenced at 90°, and during a period of 5 hours 
the evolution of brown fumes was continuous; the reaction then 
ceased. The nitric acid was removed by dilution with water 
followed by continuous distillation of the dilute acid at 40°/15 mm.; 
methyl alcohol was added to, and distilled from, the residue, and the 
resulting syrup was digested with a solution containing 80 c.c. of 
methyl-alcoholic hydrogen chloride (3%). Thereafter, the mineral 
acid was removed by neutralisation with silver carbonate, and the 
product, a pale yellow syrup (5*8 g.), was distilled, b. p. 105°/0*14 
mm.; njf 1*4365; yield 5*25 g. The methyl trimethoxyglutarate 
showed [a]g* 4- 37*6° in water (c = 2*52) and [a]Jf + 41*2° in 
methyl alcohol (c = 1*31) (Found: C, 47*6; H, 7*3; OMe, 58*35. 
Calc.: C, 48*0; H, 7*2; OMe, 62*0%). This product (0*5 g.) was 
dissolved in dry methyl alcohol (6 c.c.), and the solution saturated 
with dry ammonia. On keeping, a crystalline amide separated, 
(yield 0*4 g.), m. p. 228—229°. Recrystallisation from methyl 
alcohol raised the m. p. to 230° (decomp.) (Found : C, 43-7; H, 7*2 ; 
N, 13*0; OMe, 40*6%). 

l-Arabotrimethoxyglutaromethylamide. —Another specimen (0*46 g.) 
of the preceding ester was dissolved in methyl alcohol (6 c.c.) and 
saturated with methylamine. After keeping for 3 days at the 
ordinary temperature the solution was concentrated under 
diminished pressure and gave crystals (yield 0*45 g.) of the methyl- 
amide . Recrystallisation from ethyl acetate gave radiating needles 
(m. p. 172°), solidifying on cooling and remelting at the same 
temperature ; [a] 1 ^ + 59*9° in water (c = 1) (Found : C, 48*3; 
H, 8*2; N, 10*9; OMe, 35*6. C 10 H 20 O 6 N 2 requires C, 48*35; 

H, 8*1; N, 11*2; OMe, 36*4%). 

Univebsity oe Birmingham, 

Edgbaston. [ Received , August I Qtk , 1927.] 


CCCXVI .—The Photochemical Oxidation of Alcohols 
by the Dichromate Ion. 

By Edmund John Bowen and Chables Wil liam Bunn. 

The photochemical oxidation of alcohols by the dichromate ion 
has been studied by Plotnikov ( Z. wise. Phot., 1919, 19, 40; 0. 
Elektrochem., 1926, 32, 13). The aim of the present work was to 
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obtain measurements under as great a variety of conditions as 
possible, and to make measurements of the quantum efficiency. 

Four lamps were used for different parts of the work : a 1000-c.p. 
Pointolite lamp, a 1000-watt tungsten-filament lamp, water-cooled, 
and two quartz-mercury lamps. Copper sulphate solution filters 
were used to remove infra-red and red radiation, and with the mer¬ 
cury lamps practically monochromatic radiation was obtained 
with Chance’s black glass and cupriammonium sulphate filters. 

The reactions were carried out in small quartz cells with plane- 
polished quartz ends fused on, the cells being fixed in a water ther¬ 
mostat electrically controlled. The energies of the radiations and 
the absorptions of the solutions were measured with a Moll thermo¬ 
pile calibrated in the usual way with a Hefner lamp. 

The following two points were established in the first part of the 
work: (a) The chromate ion in neutral or alkaline solution is 
photochemically quite insensitive towards the alcohols. The results 
of Plotnikov (loo. cit.), that ammonium chromate is photoactive, 
are to be explained by partial hydrolysis to dichromate. 

(b) The photochemical reaction between acid dichromate-ion 
solutions and alcohols leads to aldehyde formation without deposi¬ 
tion of a precipitate. (In neutral solutions a precipitate is thrown 
down.) A series of measurements made with methyl alcohol solu¬ 
tions showed that the photochemical reaction curve obtained from 
the estimation of formaldehyde by the method of Schulek (Ber., 
1925, 58, 732) was consistently 20% lower than that obtained from 
the decrease in dichromate-ion concentration. This was shown 
experimentally to be due to further oxidation of the formaldehyde, 
and the photochemical reaction may be represented : 

Cr 2 0 7 " + SET + 3CH 3 -OH —> 3CH 2 0 + 2QT + 7H 2 0. 

In later experiments, the reaction was followed only by estimation 
of the dichromate-ion concentration, potassium iodide being added 
and the iodine titrated. The thermal reaction was followed at the 
same temperature, the reactants being contained in a blackened 
flask, and the true photochemical change was obtained by sub¬ 
traction of the (small) thermal rate from the total rate in light. 

The results of numerous experiments are summarised as follows. 
The quantum efficiency is independent of the following four factors : 
(1) light intensity, over a range of 1 : 80; (2) added acid, above a 
certain limit; (3) dichromate-ion concentration, between NJ 10 
and NjlQQ; and (4) temperature, between 15° and 50°. 

The photochemical reaction curves were determined for a series 
of alcohol-water mixtures at 15°, the dichromate-ion concentration 
being maintained at A/20 in each mixture, and the acid at Q-2N. 
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All the curves were linear over a large range of the first part of the 
reaction, and the slope gave the photochemical rates for the mixtures; 
these are summarised in Table I, the rates being expressed as 
the ratio of Cr 2 0 7 " ions reduced to quanta absorbed, and plotted 
in Fig. 1. 

Table I. 


Methyl alcohol. 

Ethyl alcohol. 

n -Propyl alcohol. 

fsoPropyl alcohol. 

Alcohol, 

Photo¬ 

Alcohol, 

Photo¬ 

Alcohol, 

Photo¬ 

Alcohol, 

Photo¬ 

% by 

chemical 

% by 

chemical 

% by 

chemical 

%by 

chemical 

vol. 

rate. 

vol. 

rate. 

vol. 

rate. 

vol. 

rate. 

10 

0*037 

10 

0*043 

10 

0*081 

15 

0*108 

20 

0*073 

20 

0*152 

15 

0*138 

30 

0*434 

30 

0*129 

30 

0*259 

30 

0*384 

50 

0*693 

40 

0*191 

40 

0*467 

40 

0*449 

70 

0*854 

50 

0*252 

50 

0*613 

50 

0*601 

80 

0*896 

60 

0*316 

60 

0*706 

60 

0*620 

85 

0*917 

70 

0*333 

70 

0*747 

70 

0*732 

89 

0*940 

75 

0*345 

75 

0*756 

80 

0*780 

94 

0*918 

80 

0*379 

80 

0*771 

85 

0*705 



85 

0*400 

85 

0*714 

89 

0*606 




89 0*351 

94 0*162 

96 0 (fast dark reaction) 



As a check on these measurements, which were made in the light 
from a tungsten-filament lamp, filtered through copper sulphate 
solution, the quantum efficiency for the series of alcohols at concen¬ 
trations equal to that of maximum rate was measured in mono¬ 
chromatic light from a quartz lamp : At 3666 A., Q.E. of alcohol: 
methyl 045, ethyl 0*86, w-propyl 0*86, isopropyl 1*00. At 4200 A* 
(approx.), ethyl alcohol 0*89. These results agree with the previous 
ones within the limit of error, if account be taken of the complete 
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change of apparatus. The whole absorption band of the dichromate 
ion in the blue and violet region is therefore equally photoactive. 

The variation of reaction rate with diminishing acid concentration 
was investigated and showed a regular decrease, but the results 
cannot be simply interpreted since the reaction occurs chiefly in 
the forward layers of the solution, producing variations in acidity 
throughout the cell. The reactions were also investigated in neutral 
solution. In this case, a precipitate is thrown down which is not 
chromium hydroxide, but which is capable of liberating iodine 
from potassium iodide. Owing to the scattering of the light by 
the precipitate, the rate falls off rapidly from the beginning of the 
exposure, and becomes zero when one-half of the total oxidising 
power of the dichromate solution is utilised. The simplest explana¬ 
tion of this is the formation of chromate : 

Cr 2 0 7 " + 3CH 3 -OH + H 2 0—^3CH 2 0 + 20H' + 2Cr(OH) 3 . 
20H' + Cr 2 0 7 " —> 2Cr0 4 " + H 2 0. 

The nature of the precipitate is obscure. Plotnikov has suggested 
that it is chromium chromate. 

Owing to the falling off of the rate with time in the neutral 
reactions the initial rates for different alcohol-water mixtures 
were obtained by calculation from the curves. Table II summarises 
these initial rates, expressed for convenience as the ratio of rates 
acid /neutral for each mixture : 


Methyl alcohol. 

Table II. 

Ethyl alcohol. 

n-Propyl alcohol. 

Alcohol, 

Ratio of rates, 

Alcohol, 
% by 

Ratio of rates, 

Alcohol, 

Ratio of rates, 

%by 

acid 

acid 

% J>y 

acid 

vol. 

neutral' 

vol. 

neutral* 

vol. 

neutral* 

30 

2*77 

20 

2*06 

15 

2*2 

50 

2-92 

30 

2*15 

30 

2*87 

70 

2*80 

40 

2*85 

50 

3*3 

80 

2*93 

50 

3*1 

70 

3*28 

82*5 

2*89 

70 

3*2 

80 

3*08 

85 

87-5 

90 

2*62 

2*50 

3*0 






These measurements are not so accurate as those for acid solutions 
because of the uncertainty in the estimation of the initial rate. 
Since the ratio is practically constant, the curves for the neutral 
reactions are almost identical with those for the acid solutions except 
that the scale is about one-third. It seems that, whatever are the 
causes of the c han ge in quantum efficiency with alcohol concen¬ 
tration, the same factors operate in acid and neutral solution. 

Discussion of Results. 

The results for acid solutions seem to point to the conclusion 
that the true quantum efficiency of the photochemical process is 
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the decomposition of one dichromate ion and the oxidation of 3 
molecules of alcohol per quantum absorbed. The measured quan¬ 
tum efficiency never reaches its true value because disturbing factors 
cause its diminution in mixtures containing excess of either alcohol 
or water. The diminution at high alcohol concentrations may be 
due to the appearance of a new substance, such as an alkyl chromate, 
since here the thermal reaction becomes very fast. If this is a 
correct deduction, it is improbable that the reaction really consists 
of the simultaneous collision of 3 alcohol molecules with an activated 
dichromate ion; and the simplest assumption is that the real photo¬ 
active substance is an alcoholated dichromate ion, i.e. 9 an ion with 
alcohol molecules attached by co-ordinate links. The diminution 
on the low alcohol concentration side would then be due to the equi¬ 
librium between non-photoactive hydrated dichromate ions and 
the photoactive alcoholated ions. 

Applying the mass law as an approximation for the formation 
of a hydrate and an alcoholate, we have : 

(Cr 2 Q 7 )(H 2 Q)» _ . (Cr 8 0 7 )(B0Hr _ K 
(Gr 2 0 7 ,nH 2 0) 15 (Cr a 0 7 ,wK0H) ” 2 * 

Putting, for simplicity, n = m, 

Mol, fraction H 2 Q v n /(alcoholate) __ v 
Mol. fraction ROH 'V (hydrate) * 

or roughly, at low alcohol concentrations : 

Mol. fraction HoO w n fZ 7 77^ ^ 

Mol. fraction ROH X V ^ uantum efficienc y = K - 

The following calculations from the experimental data show that 
n = I approximately : 



Methyl alcohol. 


Ethyl alcohol. 


Mol. fraction 

r 

Mol. fraction 

Alcohol, 

H 2 0/R0H X 

Alcohol, 

H 2 0/R0H X 

mols./l. 

(quantum efficiency). 

mols./l. 

(quantum efficiency). 

5-5 

7-4 

3*3 

14 

11 

6-5 

7*1 

20 

16 

6-8 

11*4 

21 

23 

6*4 

16*9 

23 

31 

6*6 

' 23*6 

18 

n-Propyl alcohol. 

tfioPropyl alcohol. 


Mol. fraction 


\ 

Mol. fraction 

Alcohol, 

H 2 0/B0H X 

Alcohol, 

H a O/ROH X 

mols./l. 

(quantum efficiency). 

mols./l. 

(quantum efficiency). 

3 

25 

4 

26 

4*6 

29 

9*2 

43 

9-5 

35 

19*4 

■ : w 27*e 

14 

28 



19*4 

24 
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In order to make the hypothesis fit the measurements, therefore, 
it must be assumed that only one molecule of alcohol or water is 
attached to each dichromate ion. It is hardly possible to accept 
this result, as it does not remove the difficulty of the oxidation of 
3 molecules of alcohol per quantum absorbed. 

An alternative hypothesis is that the activated dichromate ions 
have a mean “ life ” and only react if they collide with alcohol 
molecules during this “ life. 9 ’ Applying an approximate equation 
(Griiss, Z. Elektrochem ., 1923, 29, 144), 

Quantum efficiency = 4ire 2 ?ic£/3t>, 

where v = number of volumes of solution containing one volume of 
alcohol; n = number of molecules in 1 c.c.; a = 10~ 8 cm.; c == 
velocity of dichromate ion; t = “life” of activated dichromate 
ion. 

It is significant from the point of view of this hypothesis that the 
quantum efficiency for all the alcohols is approximately halved at a 
dilution of 1:3; whence t = 3 X 10 -11 second. 

This time is of the order of that required for an electron shift 
in a molecule, and is much shorter than the life of the activated 
molecules of chlorine (Griiss, loo. cit.) and iodine (Briers, Chapman, 
and Walters, J., 1926, 562). The result is not improbable, because 
the long life of activated halogen molecules may represent the time 
of recombination of atoms formed after activation. No dissociation 
of this kind is to be expected with the dichromate ion. The mechan¬ 
ism of the reaction, however, must still be considered to be very 
imperfectly understood. 

Physical Chemistry Laboratory, 

Balliol and Trinity Colleges, 

Oxford. [Received, July I \th, 1927.] 


CCCXVII.— Equilibrium, in the Systems MnS0 4 -K 2 S0 4 - 
HgO and MnS0 4 -(NH 4 ) 2 S0 4 -H 2 0 at 0°; also in the 
System CuS0 4 -Na 2 S0 4 -H 2 0 at 0°, 25°, and 37*5°. 
By Bobert Martin Caven and William Johnston. 

The authors have previously shown (J., 1926, 2628), from an 
investigation of the system MnS0 4 -K,S0 4 -H 2 0 at 25°, that at this 
temperature the double salt is tetrahydrated (MnS0 4 ,K 2 S0 4 ,4H 2 0). 
Sinee manganese sulphate itself crystallises with 4H 2 0 at 25°, and 
with 73^0 at 0°, it was decided to investigate the hydration of 
its potassium double salt at 0°, in the expectation that it might 
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then be hexahydrated, and thus conform to the general type : 
M''S0 4 ,M' 2 S0 4 ,6H 2 0. Moreover, since manganese ammonium 
sulphate conforms to this general type, even at 25°, it was decided 
also to investigate the system MnS0 4 -(NH 4 ) 2 S0 4 -H 2 0 at 0°, and 
thus to compare the kinds of isotherm obtained in the two cases. 
Further, this system was investigated at 25° by Schreinemakers 
(Ohem. Weekblad , 1909, 6, 131), and in the present paper his results 
are compared with those obtained by the authors ( loc . cit.) for the 
system MnSQ 4 -K 2 S0 4 -H 2 0 at the same temperature. 

Also, in order to study the influence of the water of crystallisation 
of the double salt on the type of isotherm obtained, it was decided 
to investigate the system CuS0 4 -Na 2 S0 4 -H 2 0 at various tem¬ 
peratures, the double salt in this case always crystallising with 
2H 2 0. This system has already been studied by several workers. 
Diacon ( Jahresber 1866, 61) investigated it at 0°, and his results 
show that the double salt CuS0 4 ,Na 2 S0 4 ,2H 2 0 does not exist at this 
temperature in contact with solutions of its component salts. 
Nevertheless, the continuous increase in solubility of each of the 
two single salts caused by addition of the other salt up to the triple 
point indicates the presence of a considerable amount of the double 
salt or its ions in solution. Koppel (Z. physical. Chem. } 1903, 42 , 1) 
showed that below 16*7° the double salt does not crystallise from a 
solution of its component salts; and from his results he drew a series 
of isotherms, showing an increased range of double salt formation 
above this temperature, which do not seem to be justified. More¬ 
over, these hypothetical isotherms indicate that, from 0° to about 
30°, whilst the solubility of sodium sulphate is increased by the 
addition of copper sulphate, that of copper sulphate is decreased by 
the addition of sodium sulphate. This conclusion contradicts 
Diacon’s results at 0°. Massink investigated the same system at 
20° (Z . physikal. Chem ., 1916, 92 , 351),* and showed a short range 
of double salt formation, with continuous increase of solubility of 
each of the single salts on addition of the other, up to the corre¬ 
sponding triple point. He gave, however, only one point within 
the double-salt range. 

In view, therefore, of the conflicting and inadequate results of 
previous workers, the authors felt justified in investigating this 
system at 0° and 25°; and, since sodium sulphate is decahydrated 
below 33° and anhydrous above that temperature, they also decided 
to investigate the system above 33° (at 37*5°), to discover what 

* According to an abstract of this paper (Chem. Weekblad , 1917, 14 , 756), 
Massink also investigated the system at 35°. Reference to the original paper 
shows that 35° is mentioned, but that the results supposed to be obtained at 
that temperature are missing. ; 
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influence the change in hydration of sodium sulphate had upon the 
isotherm. 

Experimental. 

The Systems MnS0 4 -K 2 S0 4 -H 2 0 and MnS0 4 -(NH 4 ) 2 S0 4 -H 2 0 at 0°. 

For the manganese-potassium system, solutions of the two salts 
were made at atmospheric temperature, and various proportions 
of these solutions were placed successively in a flask, fitted with a 
stirrer, and kept immersed in a mixture of ice and water. The 
mixtures were stirred for 3 days before portions of the solutions were 
separated and analysed. The manganese was estimated volu- 
metrically by the Volhard method, the total sulphate determined, 
and the potassium sulphate calculated. The same procedure was 
carried out with the manganese-ammonium system, except that, as 
the solid phases are known, they were not analysed. The ammonia 
and total sulphate were determined. 

In Table I, the results for the manganese-potassium system at 0° 
are expressed as g. per 100 g. of solution or of moist solid, and the 
triangular diagram is used to determine the composition of the 
double salt (Fig. 1). In Table II, the same results, and those for 
the manganese-ammonium system at 0°, are expressed as mols. per 
1000 g. of water; and these results are then compared graphically 
by means of rectangular co-ordinates with those previously obtained 
by Schreinemakers and the authors at 25° (Figs. 2 and 3). 

The System CuS0 4 -Na 2 S0 4 -H 2 0 at 0°, 25°, and 37*5°. 

For this system at 0°, the procedure was as above, although only 
the liquid phases were analysed. Copper was estimated iodo- 
metrically, and total sulphate determined. For the systems at 
25° and 37*5°, solutions of the two salts were made at temperatures 
about 15° above those required, and various proportions of the 
two solutions were placed in a flask, fitted with a stirrer, and kept in 
a thermostat at 25° ± 0*1° or 37*5° ±0*1°. The solutions were 
stirred for 3 days before portions were separated and analysed. 
The results are expressed in Table III, and in Fig. 4 by means 
of rectangular co-ordinates, those of Diacon and Massink being also 
included in the same figure. 

Conclusions. 

Manganese Double Sulphates .—The following points arise : 

1. Manganese potassium sulphate crystallises at 0°, as well as at 
25°,with4H 2 0. 

2, Its isotherm at 0° resembles the corresponding isotherm at 
25 . except that it shows a more rapid increase in solubility of 
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Table I. 


The, System MnS0 4 -K 2 S0 4 -H 2 0 at 0°. 

D.S. — Double salt. 



Solutions. 

Moist solids. 


k 2 so 4 

. MnS0 4 . 

h 2 o. 

k 2 so 4 . 

MnS0 4 

. H 2 0. 

Solid phase. 

_ 

34*78 

65*22 

— 

— 

- I 


1*68 

34*49 

63*83 

0*42 

49*31 

50-27 1 

j 

j-MnS0 4 ,7H 2 0. 

1-85 

34*53 

63*62 

0*70 

48-00 

51-301 

2-81 

34*38 

62*81 

1*24 

45-85 

52*91 J 


3-35 

34*30 

62*35 

21*52 

49-49 

28*99 

MnS0 4 ,7H 2 0 and D.S. 

4-00 

30*28 

65*72 

33*46 

36*00 

30-54] 

i 

4*48 

27*62 

67*90 

30*31 

34*46 

35*23 I 


5-00 

25*50 

69*50 

32*84 

34-50 

32*66 


5-54 

23*64 

70*82 

30*46 

32-98 

36*56 

j-D.S. =MnS0 4 ,K 2 S0 4 ,4H, 

7*69 

17*39 

74*92 

30*82 

30-60 

38*58 j 


8-88 

13*68 

77*44 

55*60 

16-90 

27*50 

D.S. and K a S0 4 . 

| 

8*48 

11*80 

79*72 

86*00 

1-82 

12-18) 

7*97 

8*21 

83*82 

82*81 

1-52 

15*67 1 

k 2 so 4 . 

7*75 

6*21 

86*04 

84*55 

Ml 

14*34 | 

6*82 

— 

93*18 

— 

— 

— J 

1 





Pig. 

1. 




Equilibrium diagram MnS0 4 -K 2 S0 4 -H 2 0 at 0°. 

The composition of the double salt is shown by the co-ordinates of the point at 
which broken lines drawn through thef' rests ” intersect , to be MixS 0 4 ,K 2 S 0 4 ,4H 2 0. 
Broken lines drawn through rests for the single salts intersect at points shouting 
MnS0 4 ,7H 2 0 (% MnS0 4 - 54*5) and K 2 S0 4 (100%). ;/**£•$: 


Mole* of MnS0 4 per 1000 g. of H a O. 
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Table II. 

The Systems MnS0 4 -K 2 S0 4 -H 2 0 and MnS0 4 -(NH 4 ) 2 S0 4 -H 2 0 at 0° 


(M — Manganese sulphate; K = Potassium sulphate; A = Ammonium 
sulphate; D = Double salt.) 


Mols. of 

Mols. of 


Mols. of 

Mols. of 


K 2 S0 4 

MnS0 4 


(NH 4 ) 2 SO d 

MnS0 4 


per 1000 g. 

per 1000 g. 

Solid 

per 1000 g. 

per 1000 g. 

Solid 

of H 2 0. 

of H 2 0. 

phase. 

of H 2 0. 

of H 2 0. 

phase. 

— 

3-533 

M 

— 

3*533 

M 

0-151 

3*580 

M 

0*168 

3*623 

M 

0*167 

3-594 

M 

0*251 

3*665 

M and D 

0-257 

3-624 

M 

0*260 

3*565 

D 

0*308 

3-642 

M and D 

0*261 

3*525 

D 

0-349 

3*051 

D 

0*531 

1*868 

D 

0-379 

2*698 

D 

1*069 

0*769 

D 

0-413 

2*430 

D 

1*315 

0*531 

D 

0-447 

2*211 

D 

1*864 

0*377 

D 

0-589 

1*537 

D 

3-551 

0*167 

D 

0-659 

1-169 

D and K 

3*993 

0*138 

D 

0-611 

0-978 

K 

5*135 

0*075 

D 

0*546 

0-649 

K 

5*229 

0*081 

D and A 

0*517 

0*478 

K 

5*254 

0*017 

A 

0-420 

— 

K 

5*327 

— 

A 


Fig. 2. Fig. 3. 

A. System MnS0 4 -(NH 4 ) 2 S0 4 ~H 2 0 at 0° and 25°. 



£. Mole . of (NH 4 ) 2 S0 4 per 1000 g. of H 2 0. 

S 5 = Curve drawn from, results of Schreinemakers cut 25°. 
Double salt is MnS0 4 ,(NH 4 ) 2 S0 4 ,6H 2 0 at both temperatures. 


A . B. 

System MnS0 4 ~K a S0 4 -H 2 0 at 0° and 25°. Mots, of K 2 S0 4 per lOOO g. of H 2 0. 

Double salt is MnS0 4 ,K 2 S0 4 ,4H 2 G at 
both temperatures. 
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Table III. 


The System CuS0 4 -Na 2 S0 4 -H 2 0 at 0°, 25°, and 37-5°. 

(D.S. = Double salt.) 


Temperature : 0°. 

Mols. per 1000 g. 
of H 2 0. 

CuS0 4 . 3STa 2 S0 4 . Solid phase. 


0*213 

0*4:15 

0*590 

1*047 

0*998 

0*970 

0*929 


0*387 

0*415 

0*450 

0*468 

0*526 


0*306 

0*175 


■Na 2 SO 4 ,10H 2 O. 

NaoSO 4 ,10H 2 O -f 
CuS0 4 ,5H 2 0. 

CuS0 4 ,5H 2 0. 


Temperature : 25°. 

Mols. per 1000 g. 
of H 2 0. 

CuS0 4 . Na 2 S0 4 . Solid phase. 


0*256 

0*593 

0*781 

0*847 

0*979 

1*068 

1*457 

1*449 

1*433 

1*428 


2*353) 
2*394 l 
2*432 J 
2*461 
2*057) 
1*717 V 
1*603 j 
1*323 
0*765 
0*325 


Na 2 SO 4 ,10H 2 O. 

Na 2 SO 4 ,10H 2 O -f D.S. 
D.S. — 

CuS0 4 ,Na 2 S0 4 ,2H 2 0. 

CuS0 4 ,5H 2 0. 


Temperature : 37*5°. 

Mols. of CuS0 4 Mols. of Na 2 S0 4 
per 1000 g. of H 2 0. per 1000 g. of H 2 0. 


— 

4*066 

0*162 

4*046 

0*280 

3*183 

0*678 

2*049 

0*821 

1*800 

1*209 

1*406 

1*402 

1*242 

1*770 

1*007 

1*754 

— 


Solid phase. 
Na 2 S0 4 . 

Na 2 S0 4 + D.S. 


D.S. = CuS0 4) Na 2 S0 4 ,2H 3 0. 


D.S. + CuS0 4 ,5HoO. 
CuS0 4 ,5H 2 0. 


Fig. 4. 

System CuS0 4 -Na 2 S0 4 -H 2 0. 



Mols. of Na 2 S0 4 per 1000 g. of H a O. 

Diacon's remits at 0° are indicated thus A- 

j Massink's „ „ 25° „ „ „ X, and the isotherm by a broken line . 

OA A line of equimolecular proportions to show solubility of double salt, 

manganese sulphate with addition of potassium sulphate up to the 
triple point. Some difference would be expected, since at 0° the 
solid phase is MnS0 4 ,7H 2 0, whereas at 25° it is MnS0 4 ,4H 2 0. 

3. The 0°-isotherm of the potassium system differs greatly from 
that of the ammonium system, the range of double salt formation 
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in the case of the latter being much the greater. This is traceable 
to two factors : (a) the much greater solubility of ammonium sul¬ 
phate, (6) the fact that the ammonium double salt crystallises with 
6H 2 0, whereas the potassium double salt crystallises with 4H 2 0. 

4. The 0°-isotherm of the ammonium system resembles the 25°- 
isotherm, as shown by Schreinemakers’s results. Two points, how¬ 
ever, should be noted : (a) The increase in solubility of manganese 
sulphate caused by ammo nium sulphate at 25° is accentuated at 0° 
(compare the potassium system at 0° and 25°); (6) the decrease in, 
solubility of amm onium sulphate caused by manganese sulphate 
at 25° is accentuated at 0°. 

5. The isotherms for manganese ammonium sulphate, but not for 
the corresponding potassium salt, closely resemble those for the 
analogous copper salt (Caven and Mitchell, J., 1924, 125, 1428). 

Copper Sodium Sulphate .—A study of the results for the CuS0 4 ~ 
Na 2 S0 4 -H 2 0 system shows a number of interesting points (see 
Fig. 4): 

1. Diacon’s results at 0° have been confirmed : there is no form¬ 
ation of double salt, but an increase in solubility of each single salt is 
caused by the presence of the other. 

2. At 25°, the range of double salt formation is fairly wide. The 
addition of each component increases the solubility of the other up 
to the corresponding triple point where the double salt begins to 
crystallise. In the case of copper sulphate, this increase is slight 
but definite, in agreement with Massink’s results, but in contra¬ 
diction to those of Koppel. 

3. At 37*5°, the range of double salt formation is greatly increased. 
It is to be noted, however, that although copper sulphate still shows 
a slight increase of solubility in presence of sodium sulphate, sodium 
sulphate now shows a decrease of solubility in presence of copper 
sulphate. A change in the form of the isotherm here is to be 
expected owing to the change of hydration of solid sodium sulphate, 

4. The increase in range of double salt formation with rise of 
temperature is connected with some remarkable relationships seen 
when the isotherms of different temperatures are compared. Thus, 
although the solubilities of the single salts at 20° are less than at 25°, 
the double salt curve at 20°, according to Massink, appears to 
coincide through part of its course with the corresponding curve of 
the authors at 25°; and the double salt curve at 37*5°, according to 
the authors’ results, actually falls within the corresponding curve 
at 25°, and even recedes from it at the sodium sulphate end because 
of the shortness of the solubility curve of sodium sulphate which has 
become anhydrous. It is evident, moreover, that the extent of the 
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double salt curve at 37*5° is connected with the greatly increased 
solubility of sodium sulphate at that temperature. 

5. Thus it is concluded from the authors’ results at 25° and 37*5° 
that the solubility of the double salt decreases with rise of tem¬ 
perature; and it may be supposed that the solubility at 20° is 
actually slightly greater than that at 25°, although Massink’s 
result compared with the authors’ does not show this. 

The authors wish to thank the Governors of the Royal Technical 
College for a Research Assistantship which has enabled one of them 
(W. J.) to participate in this research. 

Royal Technical College, Glasgow. [Received, August 6th, 1927.] 


CCCXVIII .—Complex Metallic Ammines. Part IX. 
The Introduction of Nitrophenol Radicals into 
Cobaltammine Complexes. Distinctive Behaviour 
of Mononitrophenoxides . 

By James Cooper Deep and Edwin John Bills. 

In Part VIII (J., 1923, 123, 561) it was shown that sodium salts 
of carboxylic acids react with aquopentamminocobaltic nitrate to 
give acidopentamminocobaltic salts. The sodium derivatives of 
several nitrophenols have now been found to react similarly with 
aquopentamminocobaltic nitrate and with bisaquobisethylene- 
diamminocobaltic salts. Mono-, di-, and tri-nitropkenols have been 
used to examine as far as possible the influence of the number and 
the orientations of the nitro-groups. The unexpectedly varying 
nature of the series of compounds obtained is discussed below. 

Previously the only nitrophenol which had been found to give 
cobaltammine derivatives was picric acid. Morgan and King 
(J., 1922, 121, 1723) have described the reactions which occur 
between several cobaltammine salts and certain nitro-dyes. They 
found that sodium picrate reacts with aquopentamminocobaltic 
chloride to give aquopentamminocobaltic picrate, and suggested 
that nitro-dyes such as picric acid and dinitronaphthol do not, in 
their reactions with cobaltammines, become implicated in the 
cobalt complex, thus differing noticeably from the o-quinoneoxime 
(nitrosonaphthol) dyes examined similarly by Morgan and Smith 
(J., 1921, 119, 704). The latter found that the quinoneoxime 
radical, although univalent as regards principal valency, functions 
as a chelate group in the complex, being linked to cobalt through a 
principal valency (electro-valency) and a residual valency (co- 
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valency). Morgan and King further suggest ( loc . cit.) that the lack 
of residual valency shown by the picrate radical may be taken as 
evidence corroborating its p-quinonoid structure. In no case did 
they find that the picrate radical became part of the cobalt complex. 
It has now been found that nitrophenoxide radicals can be induced 
to form part of the complex, particularly in the tetrammine type. 
In most cases, the nitrophenoxide radicals were linked through a 
principal valency, but two outstanding examples have been obtained 
in which a complete molecule of nitrophenol appears to be implicated 
in the complex through residual valency. 

The mononitrophenoxides have yielded results which indicate a 
structural difference between m-nitrophenol and the 0 - and p-iso- 
merides, the quinone structure probably applying to the last two 
but not to the first. The evidence supports the views of Hantzsch 
(Ber., 1907, 40, 330) and of Hewitt, Johnson, and Pope (J., 1913, 
103,1626) on these compounds. 

Conductivity measurements have been used in the present work 
as the best method available for determining whether a nitro¬ 
phenoxide radical is within the complex ion or not. It was recorded 
in Part VIII (loc. cit.) that during conductivity measurements with 
dilute solutions, the platinum-black of the electrodes was capable 
in the case of compounds of the type [Co(KH 3 ) 5 X]N 03 (X = a 
dibasic acid radical) of causing internal hydrolysis, changing the 
acido-salt into an aquo-salt. Examples of this effect have again 
been encountered (see Experimental), although the compounds 
concerned are different in type from those in Part VIII. There has 
also been found in the case of a p-nitrophenol derivative (p. 2373) an 
example where the platinum-black apparently induces the displace¬ 
ment of water from the complex by a nitrophenoxide radical. This 
is the only case where a fall in the value for u has been found to 
occur as the result of the catalytic influence of platinum-black. It 
should be noted that neither type of change due to the platinum- 
black requires any current to be passing between the electrodes. 
As a further check on the value of the conductivity figures those of 
the corresponding sodium nitrophenoxides are given at the end of 
this paper. 

The Pentammine Compounds. 

Sodium mono- and di-nitrophenoxides form alkaline aqueous 
solutions which complicate the reactions with aquopentammino- 
cobaltic nitrate. In each case there was liberation of nitrophenol 
and no eobaltammine compound containing 0 - or m-nitrophenol 
could be separated. The reaction in these two cases was nearly 
quantitatively that of the equation [Co(NH 3 ) 5 ,H* 03 (N 0 3 )3 4 * 
Na0*C 6 H 4 *N0 2 = [Co(NH 3 ) 5 (0H)](N0 3 ) 2 + NaN 0 3 + h 6 -C 6 H 4 «NO* 
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Sodium p-nitrophenoxide, in addition to yielding some free #>-nitro- 
phenol, gave a fair yield of p -nitrophenoxopentamminocobaltic 
j)-7iitrophenoxide [I; X = :p-C 6 H 4 (N0 2 )*0‘]. 

[Co(NH 3 ) 5 X]X 2 [Co(NH 3 ) 5 ,H 2 0]X 3 [Co(NH 3 ) 5 x] g H 

(I.) (II.) (in.) 

It is of interest that of the three nitrophenols only the p-i$omeride is 
capable of combining with the corresponding sodium derivative; 
this may account for the subsequent production of a pentammino- 
derivative in this case, and explain the lack of success with o- and 
?n-nitrophenols. By using the double compound of sodium p-nitro- 
phenoxide and p-nitrophenol, a better yield of the compound (I) 
is obtained. 

The sodium derivatives of 2:4- and 2 : 6-dinitrophenols gave 
simple aquopentammino-salts [II; X — C 6 H 3 (N0 2 ) 2 *0*]. Sodium 
picrate yielded ptcrafope ntamminoc°baltic picrate [I; X = 
C 6 H 2 (N0 2 ) 3 *0*]; its relation to the aquo-picrate prepared by Morgan 
and Kang ( loc. cit.) is considered in the experimental part. When 
picric acid reacts with carbonatopentamminocobaltic nitrate, two 
compounds can be obtained. If the carbonato-salt is used in excess, 
there is produced a basic salt (III), otherwise the normal compound 
(I) is again obtained. 

The two compounds of special interest in this section are those of 
p-nitrophenol and of picric acid (III). Both these undergo a change 
of conductivity in the Kohlrausch cell with platinised electrodes at 
the ordinary temperature; this only ceases when an aquo-salt has 
resulted in each case : 

[Co(NH 3 ) 5 X]X 2 + H 2 0—> [Co(NH 8 ) 5 j H 2 0]X 3 

Thus for the p-nitrophenol compound [i (for v — 1024) changes from 
177*7 to 322*5 in 24 hours, accompanied by a colour change, W'hile the 
stock solution shows but little hydrolysis after 3 months in a stop¬ 
pered flask. The solutions which have been catalytically hydrolysed 
in the cell remain permanently hydrolysed. 

The Bisethylenediammine Compounds , 

The sodium derivatives of all the nitrophenols examined react 
withbisaquobisethylenediamminocobaltic bromide to give crystalline 
compounds containing nitrophenol groups. The resulting com¬ 
pounds showed unusual differences. Sodium picrate gave aquo- 
picratobisethylenediamminocobaltic picrate (IV; X = picrate radical) 
and sodium 2 : 4-dinitrophenoxide gave a similar compound (as IV), 
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whilst the 2 : 6-isomeride yielded a basic salt (V; X = 2 : 6-dinitro- 
phenoxide radical). 

(IV.) [^°CoenJx 2 ^Pcoenaj^ (V.) 

The outstanding results in this section were obtained from the 
mononitrophenoxides. One circumstance common to all three 
isomerides was that the resulting cobaltammine compounds con¬ 
tained a molecule of nitrophenol in addition to three nitrophenoxide 
radicals. The manner in which this nitrophenol molecule occurs in 
the compound is different in each case. Sodium m-nitrophenoxide 
produced a molecular compound between bis-m-nitrophenoxo - 
bisetkylenediamminocobaltic m-nitrophenoxide and m-nitrophenol 
(VI; X = m-nitrophenoxide radical), in which the latter molecule 
is outside the complex. 

(VI.) [Co eng X 2 ]X,ILX ^CoenJXj (VII.) 

From sodium o - and p-nitrophenoxides it was possible to obtain 
nitrophenolnitrophenoxobisethyle?iediamminocobaltic nitrophenoxide 
(VII; X = o- or p-nitrophenoxide radical). This is a new type of 
compound because the complete molecule of o- or p-nitrophenol is 
linked by residual valency (co-valency) in the same manner as a 
molecule of water in the case of aquocobaltammine salts. Formula 
(VII) is supported by the facts that (1) unlike all other compounds in 
this series, the aqueous solutions of the two salts concerned can be 
acidified without discharging the yellow or red colour, respectively, 
of the p - or o-nitrophenol compound, and (2) the aqueous solutions 
of these two salts when heated and then cooled and acidified have 
their colour discharged, yet the heating has caused no change in the 
values for molecular conductivity. This means that the substances 
hydrolyse in hot solutions, but only to the extent of having the 
molecule of nitrophenol displaced by a molecule of water, as in (IX): 

, ™- > <“■> 

Since the molecule of nitrophenol in the complex is apparently 
concerned in the colour of the cold acid solution, it would appear 
reasonable to attribute to this complete nitrophenol molecule in the 
complex the corresponding o- or p-quinonoid structure (VIII), 
especially as the red and yellow colours of the respective compounds 
correspond to those of o- and p-quinones. An important point in 
this connexion is the fact that no free o-, m-, or p-nitrophenol was 
present at the beginning of the preparation of these compounds. 
The nitrophenol was liberated in each case during the reaction 
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between the sodium derivative and the bisaquocobaltammine salt, 
the probable reaction being as follows : 

[Coen 2 (H 2 0) 2 ]Br 3 + Na0*C 6 H 4 *N0 2 —> 

[§§0o en 2 ] Br 2 + NaBr + H0-C 6 H 4 -N0 2 . 

The foregoing results suggest that whilst sodium m-nitrophenoxide 
is not quinonoid in structure, yet the o- and p-nitrophenoxides 
probably are; and further, when these are decomposed as in the 
above equation, the newly-liberated nitrophenol has the quinonoid 
structure and is linked up in this form in the complex in place of 
water. 

Whilst only one cobaltammine compound of this series could be 
isolated from each of the o- and m-nitrophenoxides, the p-nitro- 
phenoxide was found capable of producing three others in addition 
to (VII); by use of its addition compound with p-nitrophenol, 
NaC 6 H 4 03 N,C 6 H 5 0 3 N, 2 H 2 0 , two compounds represented by (IV) 
and (IX) were obtained by varying the conditions of reaction. In 
dilute aqueous solution, particularly in the presence of platinum- 
black, both these compounds undergo change, a nitrophenoxide 
radical entering the complex and displacing water : 

[b*0 Co en J X 2> HX —* [Coen 3 X 2 ]X ) HX + H 2 0. 

On attempting to recrystallise compound (IX) from hot water, some 
nitrophenol is liberated, yet from the solution it is possible to obtain 
crystals of the molecular compound bis-'p-nitrophenoxobisetkylene - 
diamminocobaltic p-nitrophenoxide-p-nitrophenol (as VTi, correspond¬ 
ing to that obtained from w-nitrophenol. 

Experimental. 

Electrical Conductivity Measurements .—The method of measure¬ 
ment recorded in Part VII (J., 1922,121, 453) was adopted. Since 
most of the compounds were only moderately soluble, measurements 
were limited to v = 1024 and 2048 at 25°, at which temperature all 
determinations were made. Fresh solutions were made for each. 
The Kohlrausch cell constant was 0-2117 and the resistances 
measured did not greatly exceed 5000 ohms. Where conductivity 
changes due to the platinised electrodes were found, these were 
checked on new solutions. To find the extent to which change 
occurred it was usually necessary to leave the cell solution and the 
stock solution for 24 hours in the thermostat and then redetermine 
jx for each. No attempt was made to compare the rates at which 
changes occurred, as it was noted that these only took place in the 
neighbourhood of the electrodes. Samples of solutionis which had 
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undergone change in this way were kept in closed tubes for 3 months 
and again examined. In no case had there been any tendency to 
revert- to the original form. With unplatinised electrodes practically 
no catalytic effect was noticeable. 

The Pentarmnine Series. 

The Cobaltammine Reagent. —5 G. of carbonatopentammino- 
cobaltic nitrate, 30 c.c. of water, and 20 c.c. of 22V-nitric acid were 
maintained at 45° until effervescence ceased. The solution was 
neutralised with 2J\ 7 -sodium hydroxide. For the following com¬ 
pounds, this reagent was mixed at 45° with a solution of the corre¬ 
sponding sodium derivative (3 mols.) in the minimum amount of 
water. Except in the case of the picrate it was necessary to 
extract the washed precipitate with alcohol and ether to remove 
free nitrophenol or dinitrophenol. The product was then crystallised 
from water at 65°. 

Sodium o- and m-nitrophenoxides produced only a precipitate of 
free nitrophenol. On addition of sufficient alcohol to retain this in 
solution, long red needles slowly separated; these were identified by 
analysis and reactions as hydroxopentamminocobaltic nitrate (see* 
equation, p. 2366). 

The following compounds are all easily decomposed by dilute acid 
or alkali. In the crystalline form and in solution, they begin to 
decompose at 70—80°. 

p-Nitrophenoxopentamminocobaltic p-nitrophenoxide (as I; with 
3H 2 0) was obtained in minute, orange, oblong plates (Found : 
Co, 9*34; NH 3 , 13-76; nitrophenoxide, 67-8; H 2 0, 8*21. 

Ci 8 H2 7 0 9 K8Co,3H 2 0 requires Co, 9-64; NH S , 13*88; nitrophenoxide, 
67*64; HgO, 8*82%). By the use of the addition compound of 
sodium ^-nitrophenoxide and p-nitrophenol, the same compound 
was obtained in better yield (Found : Co, 9*24; nitrophenoxide, 
65*77%); p 1024 = 177*7 and P2 048 = 189*2; 24 hours later the cell 
solution had y. lm = 322*5 and p 2048 = 322*2, whilst the stock 
solution had pl 1024 = 181*2 and [x 2048 = 189*4. The cell solution had 
become greenish-yellow, whilst the flask solution remained golden- 
yellow. The solutions were kept sealed for 3 months, and the two 
cell solutions then had p 1024 = 340*5 and y. m8 = 342*8, and the stock 
solutions {ji 1024 = 208*4 and = 245*3. A few minutes in the 
cell caused a greater change than 3 months in the stock flask. 

Aquopentamminocobaltic 2 : i-dinitrophenoxide (as II; with 3H 2 0) 
was obtained as an orange, sandy, crystalline powder (Found: 
Go, 7*72; NH 3 , 11*11; dinitrophenoxide,71*88; H 2 0, 8*86. 

requires Co, 7*71; NH 3 , 11*11; dinitro- 
phenoxide, 71*76; ELp, 9*41%); ^ 1024 = 284 and = 291*6. 
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Aquopentamminocobaltic 2 : ft-dinitrophenoxide (as II) was obtained 
as ail orange-red, microcrystalline powder, only sparingly soluble in 
water (Found: Co, 8-29; NH 3 , 12*20; dinitrophenoxide, 77*68. 
Ci 8 H 26 0 16 N 11 Co requires Co, 8*29; NH 3 , 11*95; dinitrophenoxide, 
77*21 %); ^ 2048 = 318*4. 

Picratopentamminocobaltic picrate (as I; with 3H 2 0) was obtained 
in glistening, golden leaflets (Found : Co, 6*53; NH 3 , 9*53; picrate, 
78*2; H 2 0, 6*91. C 18 H 21 0 21 N 14 Co,3H 2 0 requires Co, 6*68; NH 3 , 
9*63; picrate, 77*55; H 2 0, 6*12%). The same compound resulted 
from the reaction between picric acid (3 mols.) and carbonato- 
pentamminocobaltic nitrate (Found : Co, 6*35; NH 3 , 9*28; picrate, 
76*8%). For conductivity measurements it was difficult to obtain 
a solution for v = 2048 without heating to 60°, and this apparently 
caused some hydrolysis. At 25°, fi 2048 = 304, changing in the cell 
in 2 days to 359*1. In view of this somewhat high value for an 
acidopentammine salt, the compound described by Morgan and 
King ( loc . cit.) was prepared and examined: at 25°, p 2048 == 288, 
changing in 3 hours in the cell to 360, and over-night to 415*3, whilst 
the stock solution only changed to % u 2048 — 299; it was noticed that 
the cell solution had changed from golden-yellow to greenish- 
yellow. These changes suggest that Morgan and King’s compound 
[Co(NH 3 ) 5 H 2 0]X 3 is not simply an aquopentammine salt, as they 
assert. The molecule contains 2H a O less than our compound and 
differs in appearance, but it can be changed to our picrato-salt by 
crystallisation from a hot dilute solution of picric acid. A possible 
explanation may be that in the compound of Morgan and King one 
of the picrate radicals is linked to the cobalt by residual valency and 
to the complex by principal valency as in (X). This could account 

— x 
[&>(NH,) S )X S 

for the conductivity changes and the conversion by means of picric 
acid into our compound. ® 

Picratopentamminocobaltic hydroxypicrate (III; with 2H 2 0) was 
obtained as a brown, microcrystalline powder by stirring powdered 
picric acid (1 mol.) into a concentrated solution of carbonatopent- 
amminocobaltic nitrate at 60°. The product was recrystallised from 
water at 60° (Found: Co, 9*09; NH 3 , 13*14; picrate, 69*85; 
H 2 0, 5*18. C 12 H 20 O 15 N 11 Co,2 H 2 O requires Co, 9*03; NH 3 , 13*02; 
picrate, 69*83; H 2 0, 5*51%); [x 2048 = 203*3, changing in the cell 
in 12 hours to 352*2, while the stock solution remained at 203*3. 
The cell solution changed in colour from orange to greenish-yellow. 
After 3 months in a sealed tube, this solution gave {Jt 20 4 $ = 360, 
whilst the stock solution gave 225*6. When the basic picrate was 
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dissolved in hot dilute picric acid solution, the normal picrato-salt 
separated on cooling. 

Bisethylenediammine Series. 

The Cobaltammme Reagent .—5 G. of carbonatobisethylenedi- 
amminocobaltic bromide, 30 c.c. of water, and 20 c.c. of 2.iV-nitric 
acid were maintained at 50° until effervescence ceased. The 
solution was neutralised with 2JV-sodium hydroxide. It was 
freshly made for each of the following preparations. 

o-Nitroplienol-o-niirophenoxobisethylenediamminocobaltic o-nitro - 
phenoxide (as VII; with 1H 2 0) was prepared by mixing the cobalt- 
ammine reagent at 50° with 7*5 g. of sodium o-nitrophenoxide 
(3 mols.) in 70 c.c. of water. After alcohol and ether extraction, 
the product was*crystallised from water at 70°, yielding dark red, 
minute, glistening plates (Found: Co, 7*83; nitrophenoxide, 
73*34. C 28 H 330 12 N 8 Co,H 2 0 requires Co, 7*86; nitrophenoxide, 
73*60%). The aqueous solution is red and changes to a more 
scarlet tint on addition of dilute mineral acids, with separation of 
some nitrophenol. The acid solution becomes faintly pink on boil¬ 
ing. A fresh aqueous solution of the compound becomes yellow 
when immersed in boiling water, and subsequent addition of acid 
gives only the pink colour of aquocobaltammine inorganic salts. 
It is inferred from these reactions that a complete molecule of 
o-nitrophenol is within the complex and is only readily replaced by 
a molecule of water in hot solutions. Dilute alkali causes complete 
hydrolysis immediately. The compound is appreciably soluble in 
alcohol and in acetone, but not sufficiently soluble to serve for an 
accurate estimation of the molecular weight: values obtained ebullio- 
scopically ranged from 780 to 900. g 1024 = 135*6 and \x m8 = 142*2. 
After the latter solution had been heated on the water-bath to 
change the colour from red to yellow, g 2048 became 140*2. 

Bis-m-nitrophenoxobisethylenediamminocobaltic m-nitrophenoxide -f 
m -nitrophenol (as VT; with 1H 2 0) was obtained when the cobalt- 
ammine Teagent at 50° was mixed with 7*5 g. of sodium m-nitro¬ 
phenoxide in 70 c.c. of water. The mixture was filtered at 25° and 
the solution left over-night. The desired compound was obtained 
in brownish-red nodules (Found : Co, 7*81; nitrophenoxide, 72*98. 

requires Co, 7-86; nitrophenoxide, 73*6%). 
The aqueous solution is yellow and addition of dilute acid renders it 
pink, with liberation of all the nitrophenol; g 1024 = 75*7 and 
ftgo 4 S = 71*5. The former value is high because of hydrolysis 
during the preparation of the solution. After this solution had 
been heated on the water-bath for 30 minutes, p 1024 became 
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^-Nitrophenol was found capable of yielding the compounds 
A, B, C, D, as follows. 

A. p - Nitrophenol - p - nitrophenoxobisethylenediamminocobaltic p - 
nitrophenoxide (as VII; with 3H 2 0). To obtain this compound 
it was necessary to use a solution of sodium p-nitrophenoxide 
freshly prepared from the nitrophenol: the use of the crystallised 
salt resulted in a mixture of A and C. The cobaltammine reagent 
at 50° was mixed with a solution of 6-5 g. of p-nitrophenol in 46*8 c.c. 
of V-sodium hydroxide and 40 c.c. of water. The precipitate, 
washed with alcohol and ether to remove p-nitrophenol, was crystal¬ 
lised from water at 70°. In this way, A was obtained in dark 
brown microcrystals which assumed a purple shade on dehydration 
at 90° (Found: Co, 7*30; nitrophenoxide, 69-45; H 2 0, 6-72. 

requires Co, 7-50; nitrophenoxide, 70-23; 
H 2 0, 6-87%). The compound is appreciably soluble in alcohol and 
acetone. The aqueous solution is orange and when acidified retains 
a yellow colour for several minutes. If the solution is heated, then 
cooled and acidified, it becomes pink immediately. p 1024 = 130*2 
and ^2048 — 139-6. After the latter solution had been heated for 15 
minutes at 90° it had p 2048 = 125-7, changing in the cell to 91-0 after 
24 hours and 78-8 after 48 hours. This indicates a change from 
A through C into D (p. 2374). The hydrated salt changes slowly 
in the solid state, passing into the compound C, since after 4 months 
it gave aqueous solutions which at once became pink on being 
acidified. The anhydrous form of the salt is more stable. 

B. Aquo-p-nitrophenoxobisethylenediamminocobaltic p-nitrophen- 
oxide (as IV; with 2H 2 0) was obtained as a light brown, crystalline 
powder when the cobaltammine reagent was mixed at 70° with 15 g. 
of the double compound of sodium p-nitrophenoxide and ^-nitro¬ 
phenol in 200 c.c. of water. The precipitate was filtered immediately 
and free nitrophenol removed by ether extraction (Found : Co, 9* 14; 
nitrophenoxide, 63*83. C 22 H 30 O 10 lSr 7 Co 5 2H 2 O requires Co, 9-11; 
nitrophenoxide, 63-98%). An aqueous solution is immediately 
decomposed by dilute acid, a distinction from A. On heating to 80°, 
the aqueous solution decomposes with separation of p-nitrophenol, 
yet the impure crystals which separate on cooling contain more than 
three equivalents of nitrophenoxide. There is evidently a tendency 
for B to pass into the more stable compound C. ^ im = 115-8 and 
P -2048 ^ 122-8; the latter changes in the cell to 84-3. 

C. Aquo-p-nitrophenoxobiseihylenediamminocobaltic p-nitrophen~ 
oxide + p -nitrophenol (as IX; with 1H 2 0) was obtained in orange^ 
brown microcrystals by mixing the cobaltammine reagent with 
15 g. of the double sodium salt in 200 c.c. of water at 40°, filterings 
the solution after 2 hours, and removing free p-nitrophenol by ether: 



2374 COMPLEX METALLIC AMMINES. PART IX. 

extraction (Found: Co, 7-74; nitrophenoxide, 71*34; H 2 0, 3*8. 
c 28 h 3S 0 13 N 8 Co,H 2 0 requires Co, 7*68; nitrophenoxide, 71*87; 
H 2 0, 4*68%). In solution, C behaves similarly to B. i * 1024 = 119*5 
and {jl 2048 = 118*8; after 24 hours in the cell t * 2048 = 70*1 while 
the stock solution gave (* 2048 = 117*9. The results support the 
change of C into D as below. 

D. *Bis -p- nitrophenoxobisethylenediamminocobaltic p - nitrophen¬ 
oxide + p-nitrophenol (as VI; with 2H 2 0) was obtained from C above 
by crystallising it from water at 70°, filtering the solution from 
liberated p-nitrophenol, and leaving it over-night; the salt separated 
in dark brown nodules (Found: Co, 7*73; nitrophenoxide, 71*9; 
B^O, 5*23. C 28 H 330 12 N 8 Co, 2 H 2 0 .requires Co, 7*68; nitrophenoxide, 

71*87; H 2 0, 4*68%). The yellow colour of the aqueous solution is 
changed to pink immediately by dilute acid. p 1024 = 88*0 and 
^ 2048 — 70*1 ; the high value for (i. 1024 is due to the fact that the 
solution had been prepared at 40°. 

Aquo-2 : 4:-dinitrophenoxobisethylenediammimcobaltic 2 : 4:-dinitro - 
phenoxide (as IV; with 1H 2 0) was prepared by mixing the cobalt- 
ammine reagent at 60° with 9*6 g. of sodium 2 : 4-dinitrophenoxide 
(3 mols.) in 200 c.c. of water. After being washed, finally with 
ether, the pure compound crystallised from water at 70° in orange- 
red microcrystals (Found: Co, 7*71; dinitrophenoxide, 70*55; 
HgO, 4*13. C 22 H 27 O 16 N 10 Co,H 2 O requires Co, 7*72; dinitro¬ 
phenoxide, 71*86; H 2 0, 4*71%); f * 2048 = 184*1—it was necessary 
to warm to 60° to obtain this solution. 

Aquo-2 : %-diniirophenoxobisethylenediamminocobaltic hydroxy-2 : 6- 
dinitrophenoxide (as V) was obtained in browui microcrystals by the 
analogous method (Found : Co, 10*02; dinitrophenoxide, 63*45. 
^ 18 ^ 25 ^ 12 ^ 8 ^° requires Co, 10*17; dinitrophenoxide, 63*10%); 
1*2048 ^ 165*7. 

AquopicratobisethylenediammmocobaUic picrate (IV; with 4H 2 0) 
was obtained in orange, flat needles from the cobaltammine reagent 
and 12 g. of sodium picrate in 200 c.c. of water by the method used 
for the two preceding compounds (Found: Co, 6*16; picrate, 
72*7; UgO, 9*69. C^H^O^N^Co^HaO requires Co, 6*18; picrate, 
71*77; H a O, 9*44%). The same compound was produced by the 
action of excess of picric acid in solution on carbonatobisethylene- 
diamminocobaltic bromide at 60° (Found: Co, 6*32; picrate, 
70*84%); 1*2048 = 251*7, without change in the cell on standing. 

Analysis .—In both series cobalt was determined directly as 
sulphate by heating the compounds with concentrated sulphuric 
acid. The nitrophenols were estimated by heating with excess of 
titanous chloride solution and titrating the excess with standard 
ferric alum solution ; in the pentammine series this was done after 
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precipitation of cobalt with sodium hydroxide, but in the bisethylene- 
diammine series it was necessary to let the titanous chloride reduce 
both the cobaltic complex and the nitrophenol and subsequently to 
allow for the cobalt present. No estimation of ethylenediamine 
was made, since all the compounds in this series were found to yield 
the green tfra?is-dichlorobisethylenediamminocobaltic chloride on 
evaporation with hydrochloric acid. 

As standards for the conductivity values, the following values were 
determined (at 25°) for the various sodium derivatives of the nitro- 
phenols : 


PlOZi' Ptow 

Sodium o-nitrophenoxide . 82*0 92*9 

Sodium m-nitrophenoxide . 82*35 92*6 

Sodium p-mtrophenoxide . 86*35 90*0 

Sodium 2 : 4-dimtrophenoxide . 82*6 90*6 

Sodium picrate. 82*6 91*6 


Central Technical College, 
Birmingham. 
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CCCXXX .—The Preparation of some Nitrohydroxy- 
benzaldehydes and the Colour Relationships of their 
Substituted Phenylhydrazones . 

By Herbert Henry Hodgson and Herbert Greensmith Beard. 

Mononitro-w-hydroxybenzaldehydes were first described by 
Tiemann and Ludwig (Ber., 1882,15, 2043) but correctly oriented 
by Friedlander andSchenck (Ber., 1914,47, 3040), whilst Friedlander 
and Schreiber (Ber., 1895, 28, 1382) described the mononitration of 
m-methoxybenzaldehyde, thereby completing previous work by 
Ulrich (Ber., 1885, 18, 2571) and Bieche (Ber., 1889, 22, 2349). 
Tiemann and Ludwig’s a- and (3-dinitro-w-methoxybenzaldehydes, 
m. p.’s 155° and 110°, respectively, have not, however, been oriented; 
this problem, together with an investigation on the di- and tri- 
nitro-m-hydroxy- and the dinitro-p-hydroxy-benzaldehydes, is now 
dealt with. 

Controlled direct dinitration of m-hydroxybenzaldehyde proved 
impracticable, the reaction products containing unchanged material 
and inseparable mixtures of nitro-compounds. Nitration of 6-nitro- 
3-hydroxybenzaldehyde gave two dinitro-products, m. p.’s 94° 
and 106°, whereas nitration of 2- and 4-mtro-3-hydroxybenzalde- 
hydes gave single products melting at 94° and 106°, respectively, 
which must therefore be the 2 :6- and 4: ft-diniiro-Z-hydroxy- 
benzaldehydes . These could not be methylated by the ordinary 
methods, but a mixture of 2:6- and 4: 6-dimiro-3S 
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aldehydes was obtained by the dinitration of m-metkoxybenz- 
aldehyde at a lower temperature than that employed by Tiemann 
and Ludwig (loc. cit.), and separated by fractional crystallisation 
from hot benzene, in which the latter is five times more soluble than 
the former. Confirmation of their constitutions was obtained by 
nitration of the 6-, 4-, and 2-nitro-3-methoxybenzaldehydes, the 
first giving a mixture of two products, m. p.’s 157° and 131°, and the 
other two giving single products, of m. p/s 131° and 157°, which are 
therefore 4 : 6- and 2 : 6-dinitro-3-methoxybenzaldehyde, respect¬ 
ively. Tiemaim’s a-compound ( loo. cit.) is consequently the 2 : 6-di- 
nitro-isomeride, whereas his (3-compound is a mixture of this with 
the 4:6-isomeride. 

All three mononitro- and both dinitro-3-hydroxybenzaldehydes 
give the same trinitrated product, which must therefore be the 
2:4: 64rinitro-2-hydroxybenzaldehyde. 

Nitration of 3-nitro-4-hydroxybenzaldehyde with pure nitric acid 
gives 3 : S-dinitro-k-hydroxybenzaldehyde , but if sulphuric acid is 
present only picric acid is formed. It is noteworthy that the intro¬ 
duction of two nitro-groups into either m- or ^-hydroxybenzalde- 
hyde or their chloro-derivatives (Hodgson and Beard, J., 1926, 
2030) gives products which all melt between 90° and 110°. 

The facility of decomposition of the ^-nitrophenylhydrazones of 
the various nitrohydroxybenzaldehydes appears to depend upon 
the positions of the nitro-groups in the aldehyde residue, e.g ., 
2 : 6-dinitro- 3 -hydroxy- and - 3 - methoxybenzaldehyde - p - nitro- 
phenylhydrazones explode at about 240° and 260°, respectively, 
whereas the 4 : 6-dinitro-isomerides are stable above 300°. 

Colours and Colour-reactions. 

The colours of the nitro- and p-bromo-phenylhydrazones of the 
above aldehydes, both as solids and in aqueous and alcoholic 
alkaline solution, are discussed in relation to positional influences. 

Acidic groups in both o-positions to the aldehyde radical reduce 
the depth of colour of the solid phenylhydrazones in a similar way 
to that found by Chattaway and Clemo (J., 1923, 123, 3041) for 
the hydrazine nucleus; thus, the phenylhydrazones of 2- and 3-nitro- 
benzaldehydes are respectively crimson and deep bright orange, 
whereas those of the corresponding dichloro-derivatives (2: 5-di- 
chloro-6-nitro- and - 3 -nitro - ben zaldehydes) are orange-yellow and 
orange; the introduction of a p - nitro - group into the hydrazine 
nucleus causes a further reduction of colour, e.g., to a pale yellow in 
the case of 2: 5-dichloro-6-nitrobenzaldehyde-j3-nitrophenylhydr- 
azone. 

The presence of the hydroxyl group modifies Chattaway and 
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Clemo’s generalisation, for the ^-nitrophenylhydrazone of 2-nitro-3- 
hydroxybenzaldehyde is much darker than that of the 6-nitro- 
isomeride, although the nitro-group is ortho in each case; methyl* 
ation of the hydroxyl group, however, removes the disturbing effect, 
the ^-bromophenylhydrazonesof 2-uitro-3-hydroxy- and-3-methoxy- 
benzaldehydes being deep nigre-brown and bright orange, 
respectively. 

Alcoholic solutions of the hydrazones now described obey Chatta- 
way and Clemo’s generalisation. The exceptional case quoted by 
them—the phenylhydrazone of 2 : 5-dichloro-6-nitrobenzaldehyde 
—is not repeated, however, in the ^-nitrophenylhydrazone of this 
aldehyde, which, instead of merely affording the magenta colour 
characteristic of substituted phenylhydrazones, as would be expected 
if the exceptional character persisted, now gives a pronoimced blue 
colour, showing that the nitro-group in the aldehyde residue is again 
functioning in a quinonoid structure. 

2 : 5-Dichloro-3-nitrobenzaldehydephenylhydrazone gives the pro¬ 
nounced brown colour with alkalis associated with Chattaway and 
Clemo’s scheme, but the ^-nitrophenylhydrazone gives a blue and 
not a magenta colour as expected. 

The magenta colours given by m-hydroxy- and nitro-m-hydroxy- 
benzaldehyde-p-nitrophenylhydrazones persist to much greater 
dilutions than if the hydroxyl group is absent, and that these colours 
are not due to salt formation alone is shown by the fact that the 
m-nitrophenylhydrazone of the m-hydroxyaldehyde gives no colour 
reaction. 

The ^-bromophenylhydrazones of the nitrohydroxyaldehydes are 
colourless in aqueous alkaline solution, thus, by contrast with the 
foregoing, showing that the methine group is far more resistant to 
quinonoid formation than the imino-group. This same difference is 
also illustrated by the fact that when aqueous alkaline solutions 
of benzaldehyde-^-nitrophenylhydrazone and p-nitrobenzaldehyde- 
phenylhydrazone are diluted, the colour of the former persists to 
much greater dilutions (about 400-fold), Differential suppression 
of colour is shown by the sequence of colour changes (blue, violet, 
magenta) on dilution of p-nitrobenzaldehyde-p-nitrophenylhydrazone. 

The pronounced colour effects in alcoholic alkaline solutions when 
a nitro-group is in the para-position in each nucleus suggest a double 
quinonoid structure (e.g. } OK-NO!G 6 H 4 !CIN-NIC 6 H 4 INO*OK), since 
in a mixture of two singly-quinonoid compounds the magenta of the 
hydrazine-quinonoid compound would predominate, as it does if a 
m-hydroxyl group is present in the aldehyde nucleus. 

Correction .—Hodgson and Beard (J., 1926, 2034) nitrated what 
was thought to be pure 4-chloro-3-hydroxybenzaIdehyde and 
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obtained what they regarded as the 2- and 6-nitro-derivatives. It 
is now found that the 4-mtro-3-hydroxybenzaldehyde from which 
the above chloro-derivative had been prepared contained some of 
its 2-nitro-isomeride—these two are very difficult to separate—and 
consequently the resulting chloro-compound was a corresponding 
mixture. The supposed 4-chloro-6-nitro-3-hydroxybenzaldehyde 
is now shown to be the 2-nitro-isomeride (by conversion to 2 : 4-di- 
chloro-3-hydroxybenzaldehyde), and the supposed 4-chloro-2-nitro- 
3-hydroxybenzaldehyde is really the 2-chloro-4-nitro-compound 
(identified by mixed m. p. and comparison of semicarbazones and 
p-nitrophenylhydrazones). 

Experimental. 

Nitration of 6- Nitro-Z-hydroxybenzaldehyde .—To the aldehyde 
(10 g.; m. p. 166°) in glacial acetic acid (30 c.c.) solution at 70°, nitric 
acid (10 c.c.; d 1*42) was added during l hour; the mixture was kept 
for a further J hour and poured into ice water (150 c.c.); and the 
voluminous mass of crystals (9 g.; m. p. 71—74°) which slowly 
separated was extracted with boiling water, which removed 2 : 6-di- 
nitro- from the much less soluble 4: 6-dinitro-3-hydroxybenz- 
aldehyde. 

Nitration of 2-Nitro-3-hydroxybenzaldehyde.—2 G. on similar treat¬ 
ment gave only the above water-soluble product (1-8 g.), identified 
by a mixed m. p. determination and through the 'p-nitro- and 
^p-bromo-phenylhydrazones. 

Nitration of 4-Nitro-Z-hydroxybenzaldehyde. —The above treat¬ 
ment gave unchanged material only; nitration of a sulphuric acid 
solution by potassium nitrate (1 mol.) gave a mixture of 4:6-dinitro- 
and 2:4:6-trinitro-3-hydroxybenzaldehydes with unchanged 
material, whereas excess of potassium nitrate (2 mols.) gave mainly 
the trinitro-product. If the finely-powdered aldehyde (10 g.) was 
added gradually to well-stirred synthetic nitric acid (50 g.; 98%) at 
5—10°, and the mixture was allowed to attain room temperature 
before being poured on ice (250 g.), the trinitro-product (3 g.) 
separated, and the 4:6-dinitro-compound (5*4 g.) could be salted 
out of solution. Identity of the latter with the less soluble product 
above was established as in the case of the more soluble product. 

2: 6- DinitroS-hydroxybenzaldehyde is more soluble in the usual 
solvents than its 4:6-isomeride, and crystallises from water in 
colourless needles, m. p. 94° (Found: N, 13*3. C 7 H 4 0 6 N 2 requires 
N, 13*2%). On exposure to air, it acquires a deep brown colour, 
whereas its alcoholic solution turns green. The yellow sodium and 
dark orange ammonium salts are both very soluble in water, but the 
silver salt could not be obtained. The p- 7iitrophenylhydrazone i deep 
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terra-cotta needles which explode at 240—242°, and the ip-bromo- 
j phenylhydrazone, similar crystals, m. p. 166—167° (decomp.) 
(Found : Br, 20*8. C 13 H 9 0 5 N 4 Br requires Br, 21*0%), were both 
crystallised from glacial acetic acid. 

4 : 6-Dinitro-S-hydroxybenzaldehyde crystallises from dilute acetic 
acid in almost colourless needles, m. p. 106° (Found : N, 12*9%). 
The orange sodium and dark orange ammonium salts are very soluble 
in water, but the silver salt could not be prepared. The p -nitro- 
phenylhydrazone forms deep reddish-orange needles, which decom¬ 
pose slowly at 282—283°; the p -bromophenylhydrazone forms 
dark crimson needles, m. p. 249—250° (decomp.) (Found: Br, 
20 * 8 %). 

2:4: 6-Trinitro-3-hydroxybenzaldehyde is produced when 6-nitro- 
3-hydroxybenzaldehyde (10 g.) in concentrated sulphuric acid 
(50 g.) is treated gradually with a mixture of nitric acid (25 c.c.; 
d 1*42) and sulphuric acid (25 c.c.; d 1*84) at 70—75°; the cooled 
mixture is poured on ice (200 g.); the precipitate crystallises 
from benzene in stout, colourless, hexagonal prisms, m. p. 161— 
162° (decomp.) (Found : IT, 16*7. C 7 H 3 0 8 lSf3 requires IT, 16*3%). 
The product is much more soluble in water than picric acid. The 
solutions in alkalis are deep red, although the sodium salt crystal¬ 
lises in bright yellow needles. The p-nitrophenylhydrazone, dark 
crimson needles, exploded violently at 228—230°, and the p-6romo- 
phenylhydrazone , deep olive-green parallelepipeds with metallic 
lustre, also exploded violently at 218—220° (Found : Br, 18*8. 
C 13 H 8 0 7 N 5 Br requires Br, 18*8%). The azine was prepared by 
adding a mixture of hydrazine sulphate (1 g.), sodium hydroxide 
(3 c.c.; 20%), and water (5 c.c.) to a hot solution of the aldehyde 
(2 g.) in water (60 c.c.), and separated, on cooling, in bright yellow 
micro-needles; it is readily soluble in acetic acid (50%) and alcohol, 
insoluble in benzene and chloroform, and gives red solutions with 
alkalis; it explodes violently at 150—160°. 

2:4: 6-Trinitro-3-hydroxybenzaldehyde was also obtained from 
2- and 4-nitro-3-hydroxybenzaldehyde, but the product from the 
latter was much less pure than in the other cases. 

Dinitration of p-Hydroxybenzaldehyde. —Mixtures of nitric and 
sulphuric acids yielded only picric acid, but when 3-nitro-4-hydroxy- 
benzaldehyde (10 g.) was added with stirring to nitric acid (80 g.; 
98%) at 5° and the deep red solution was allowed to warm to 10° 
and then poured on ice (150 g.), a mixture (10 g.) of 3 : 5-dinitro-4* 
hydxoxybenzaldehyde and picric acid was obtained, the latter being 
eliminated by one crystallisation from glacial acetic acid. 

3: 5-DinitroA-hydroxybenzaldehyde crystallises in colourless 
needles, m. p. 102—103° (Found : IT, 13*1. C 7 H 4 0 6 N 2 requires 
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N, 13*2%), which are moderately soluble in water; the sodium salt 
is pale orange. The p-nitrophenylhydrazone , deep orange micro- 
crystals, slowly decomposes at 283—284°; the ip-bromophemjl- 
hydrazone , brick-red needles, decomposes rapidly at 242—244° 
(Found : Br, 20*9. C 13 H 9 0 5 N 4 Br requires Br, 21*0%); the phenyl- 
hjdrazone , deep maroon needles, has m. p. 203° (Found : N, 18*6. 
C 13 Hi 0 O 5 N 4 requires N, 18*5%). 

Some Hydrazones of 3-A T itroA-hydroxybenzaldehyde. —These were 
all crystallised from glacial acetic acid. Phenylhydrazone : dark 
red needles, m. p. 175—176° (slow decomp.) (Schopff, Ber., 1891, 24, 
3776, gives m. p. 175—176°). p-Nitrophenylhydrazone : dull orange 
needles, m. p. 247—249° (decomp.) (Found : N, 18*7. C 13 H 10 O 5 lSr 4 
requires N, 18*5%). p-Bromophenylhydrazone : bright red needles, 
m. p. 192—193° (Found: Br, 23*6. C 13 H 10 O 3 N 3 Br requires Br, 
23*8%). 

Nitration of m-Methoxybenzaldehyde .—(a) Mononitration. Fried- 
lander and Sehreiber’s conditions (loc. cit.) y together with Bieche’s 
test [loc. cit.) for the end-point of mononitration, gave no solid pro¬ 
ducts until the temperature was allowed to rise to 20°; 40 g. of 
m-methoxybenzaldehyde then afforded 31g. of nitrated product and 
15 g. of unchanged material. By the use of 85% nitric acid, how¬ 
ever, 30 g. of nitrated products were obtained from 25 g. of aldehyde; 
when this yield was dissolved in hot benzene (20 g.) 2-nitro-3- 
methoxybenzaldehyde (11 g.) was deposited on cooling, and the 
mother-liquor contained some 6 -nitr o - 3 - methoxy benzaldehyde. 
No 4-nitro-3-methoxybenzaldehyde was ever isolated. Troger and 
Fromm’s statement (J. pr. Chem ., 1925, 111, 217) that the 6-nitro- 
isomeride is absent has been shown to be incorrect, inasmuch as 
6-nitro-3-methoxybenzoic acid has been isolated after oxidation of 
the foregoing mixture. 

(b) DmUration. Tiemann and Ludvig’s conditions (loc. cit.) gave 
small yields accompanied by much charring; better results were 
obtained as follows: m-Methoxybenzaldehyde (10 g.) was added 
gradually to a mixture of potassium nitrate (17 g.) in concentrated 
sulphuric acid (80 g.) at 0—5°, then poured on ice, and the resulting 
colourless solid (12*4 g.) was extracted twice with boiling water, 
which dissolved Tiemann’s ^-compound (3 g.; m. p. 110—130°) and 
left the a-compound, which was almost pure 2 : 6-dinitro-3-methoxy- 
benzaldehyde, m. p. 156—157° after one crystallisation from 
benzene. The ^-compound (3 g.) was dissolved in hot benzene 
(16 g.), which deposited only 2 : 6-dinitro-3-methoxybenzaldehyde on 
cooling; the mother-liquor contained chiefly the 4: 6-dinitro- 
isomeride. The total yields from the above nitration were 80% of 
2 : 6- and 20% of 4 : 6-dinitro-3-methoxybenzaldehydes. 
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Nitration of Q-Nitro-3-methoxybenzaldehyde .—The aldehyde (10 g.) 
was added to nitric acid (100 c.c.; 98%) at 20°, kept for | hour, and 
then poured into ice water. The colourless solid (11*5 g.) which 
separated was fractionally crystallised from benzene and proved to 
be mainly 2 : 6- (m. p. 157°) with a little 4 : 6-dinitro-3-methoxy- 
benzaldehyde. 

Nitrations of 4- and 2-Nitro-3-methoxybenzaldehydes .—These 
aldehydes (10 g. each) gave almost pure 4 : 6- (10 g.; m. p. 127— 
131°) and 2 : 6-dinitro-3-methoxybenzaldehydes (11*5 g.; m. p. 
152—156°) which melted at 131° and 157° respectively after one 
crystallisation from benzene. 

2 : §-Dinitro-3-methoxybehzaldehyde crystallises from benzene in 
stout, hexagonal prisms, m. p. 157° (Found : N, 12*4. C 8 H 6 0 6 N 2 

requires N, 12*3%); 5 g. require 60 g. of boiling benzene for com¬ 
plete solution. The p -nitrophenylhydrazone forms pale orange, 
elongated, hexagonal plates, which explode at about 260°, and the 
p-bromophenylhydrazone terra-cotta needles, m. p. 196—197° 
(decomp.) (Found : Br, 20*0. C 14 H n 0 5 N 4 Br requires Br, 20*2%), 
On being boiled with 50 c.c. of 1% potassium permanganate solution, 
the aldehyde (1 g.) was oxidised to 2 : Q-dinitro-3-methoxybenzoic 
acid. This forms colourless needles, m. p. 199° (Found : N, 11 9. 
C 8 H 6 0 7 N 2 requires N, 11*6%), which give a yellow solution in 
aqueous sodium carbonate with liberation of carbon dioxide. 

4 : 6-Dinitro-3-methoxybenzaldehyde crystallises from benzene in 
hexagonal prisms, m. p. 131° (Found : N, 12*3. C 8 H 6 0 6 N 2 requires 
N, 12*3%); 5 g. require 12 g. of boiling benzene for complete solu¬ 
tion; p-nitrophenylhydrazone , terra-cotta needles, m. p. above 300° 
without explosion (Found: N, 19*5. C 14 H n 0 7 N 5 requires 1ST, 
19*4%); p -bromophenylhydrazone, dull red needles, m. p. 254— 
256° (decomp.) (Found: Br, 20*3. C 14 H 11 0 6 N‘ 4 Br requires Br, 
20*2%). Oxidation as above gave 4 : G-dmitro-3-methoxybenzoic 
acid, m. p. 188—189° (Giua, Oazzetta, 1915, 45, 352, gives m. p. 186— 
187°) (Found : N, 11*8. Calc. : N, 11*6%), which liberates carbon 
dioxide from sodium carbonate, but much less readily than its 
isomeride above. 

Nitration of 2 : 5-Dichlorobenzaldehyde .—The method of Gnehm 
and Banziger (Ber., 1896, 29, 876) results in 2 *. 5-dichloro-6-nitro* 
benzaldehyde (3 parts) and a second product (1 part) which has now 
been diagnosed as 2 : 5- dichloro-3-nitrobenzaldekyde (by conversion 
into 2:3: 5-trichlorobenzaldehyde); it forms a phenylhydrazone, 
orange needles, m. p. 171°, and a p-nitrophenylhydrazone , deep 
orange needles, m. p. 290—292° (decomp.). On oxidation with 
alkaline permanganate, 2 : 5-dichloro-3-nitrobenzoic acid results ; 
this crystallises from glacial acetic acid in colourless needles, m. p. 
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220° (the 6-nitro-acid has m. p. 143—144°) (Found: Cl, 30*1. 
C 7 H 3 0 4 NCl2 requires Cl, 30*0%). 

2:3: 5-Trichlorobenzaldehyde is volatile in steam, has a character¬ 
istic pungent odour, is soluble in the usual organic solvents, and 
crystallises from dilute alcohol in colourless needles, m. p. 56° (the 
2:4: 5-isomeride melts at 110—111 0 ) (Found : Cl, 50*0. C 7 H 3 0C1 3 
requires Cl, 50*1 %).* On oxidation with neutral permanganate, 
2:3: 5-trichIorobenzoic acid results, m. p. 162° (Cohen and Bakin, 
J., 1902, 81,1331, give m. p. 162°). 


Additional Nitrophenylhydrazones used for Comparison Purposes .— 
All were crystallised from glacial acetic acid. They are tabulated 
under the heading of the components from which they were 
prepared. 


Benzaldehyde. 
3-Hydroxy - 

» 

6-Nitro-3-hydroxy- 


»» 39 

6-Nitro-3-methoxy- 
4- „ „ 

2- ,» j» 

2 : 5-Diehloro-6-nitro- 


Nitrophenyl- 

hydrazine. 

51. p. 

o Terra-cotta needles 

195° 

m Deep crimson needles 

209—210 

p Terra-cotta needles 

219—220 

o Deep terra-cotta 

248—250 

needles 

(slow decomp.) 

m Scarlet needles 

257—25S 
(slow decomp.) 
281—283 

p Terra-cotta needles 

p Saffron needles 

257—258 

p Curly orange needles 

2*22—223 

p Fine pale yellow 

269—270 

needles 

(decomp.) 


Additional p-Bromophenylhydrazones .—All were crystallised from 
glacial acetic acid. 


Benzaldehyde. 
6-Nitro-3-hydroxy- 
4 - ,, „ 

2 - 

- SJ 93 

6-Nitro-3-methoxy - 

4“ S3 93 

2 - 99 93 


M. p. 

Reddish-brown, hexagonal clusters 214—215° 
Crimson needles 179—180 

Nigre-brown needles 194—195 

(rapid decomp.) 

Light crimson needles 235—236 

Pale orange needles 177—178 

Orange needles 193—194 


Persistence of Colour Effects on Dilution .— Test. 0*01 G. of the 
hydrazone was treated with 15 c.c. of alcoholic potassium hydroxide 
(10 g. in 75 g. of solution), and the coloured mixture then gradually 
diluted with water. 

(a) Nitro-group in phenylhydrazine portion only. The intense 
magenta-violet colour of benzaldehyde-p-nitrophenylhydrazone 
was not dispersed until 18,000 c.c. of water had been added. 

(b) Nitro-group in aldehyde portion only . The deep greenish-blue 
colour of p-nitrobenzaldehydephenylhydrazone required only 35 c.c. 
of water for its dispersion. 
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(c) Nitro-groups in both portions , The intense cobalt-blue colour 
of #-nitrobenzaldehyde-p-nitrophenylhydrazone became violet with 
about 25 c.c. of water, magenta with 25—50 c.c., and vanished at 
275 c.c. 

The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (H. G. B.), and the 
British Dyestuffs Corporation for gifts of chemicals. 

Technical College, Httdlebsfiell. [ Received , August 6th f 1927.] 


NOTES. 

The Structure of Quinizarin. By Albert Green. 

Two alternative schemes were advanced (J., 1926, 1430) for the 
reaction between quinizarin and thionyl chloride, the second of 
which suggested the replacement of a carbonyl oxygen atom by 
two atoms of chlorine. This is now shown to be improbable, for 
diacetylquinizarin (4 g.), m. p. 207—208°, after boiling with an 
excess of thionyl chloride for 2 hours, crystallised in the polymorphic 
form (3*8 g.), which was free from chlorine and melted, either alone 
or mixed with an authentic specimen, at 200°. 

Although this lack of reactivity on the part of a derivative, in 
which the probably mobile hydrogens of the hydroxyl groups are 
replaced, would appear to invalidate the second mechanism sug¬ 
gested for the formation of 10-chloro-l-hydroxy-4:9-anthra- 
quinone from quinizarin, it should not be held to dispose of it 
entirely, since there are many examples of carbonyl groups in free 
hydroxyanthraquinones showing properties different from those 
they display in simple derivatives. The meso-carbonyl groups 
influence, and are influenced by, substituents in the cc-positions of 
anthraquinones: e.gf., whilst anthraquinone itself yields an oxime 
only with difficulty, 1-chloroanthraquinone easily gives the oxime; 
1-hydroxyanthxaquinone cannot be o xim ated, yet its ethers yield 
monoximes (Freund and Achenbach, Ber ., 1910, 43, 3251). 

Whilst it is clear, therefore, that any deduction from an experi¬ 
mental result obtained with an alkylated or acylated hydroxy- 
anthraquinone should be applied to the hydroxy-compound itself 
with caution, nevertheless the work described above strengthens 
the first suggestion (loc. cit,) } that quinizarin assumes a reactive 
quinonoid state (1:10-dihydroxy-4: 9-anthraquinone) when it 
reacts with thionyl chloride to yield 10-chloro-l-hydroxy-4:9- 
anthraquinone. Furthermore, in this reaction only one of the 
hydroxyl groups is affected, and this affords experimental support 
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for the suggestion of Perkin (J., 1899, 75, 433) that, although the 
two hydroxyls of quinizarin, under suitable conditions, may assume 
a double quinonoid change, in the case of the second hydroxyl group 
this change is not readily achieved and is of an unstable nature. 

The materials used in this work were purchased from a grant 
made by the Research Fund Committee of the Chemical Society, 
whom the author wishes to thank.— The Edward Davies Labor¬ 
atories, University College of Wales, Aberystwyth. 
[Received, June 28th, 1927.] 

Solubility of Cupric Sulphide in Alkali Sulphides in Presence of 
Sulpharsenates. By Christina Davies and Alexander 
Donald Monro. 

Although the slight solubility of cupric sulphide in yellow ammonium 
sulphide is well known, the enhanced solubility in presence of metals 
of the arsenic group has been little studied. Wohler ( Anmlm , 
1840, 34, 236) and Storch ( Ber 1883, 16, 2015) have shown that 
the sulpho-salts of these acids promote the solubility of cupric 
sulphide, but as no quantitative data were available a further 
study of the Cu-As system was made. 

Solutions of various quantities of arsenic trioxide in hydrochloric 
acid were diluted and to each was added a solution containing 0*200 
g. of copper. The mixture was completely precipitated as sul¬ 
phide, which was filtered off, washed, and warmed wit^ 50 c.c. of 
yellow ammonium sulphide [78*47 g. of sulphur and 73-26 g. of 
ammonia per litre, i.e approximately (]\ T H 4 ) 2 S 2 ]. The resulting 
mixture was filtered, and the filtrate treated with hydrochloric acid 
to precipitate copper and arsenic sulphides. After another filtration 
the precipitate was treated with warm dilute nitric acid to separate 
the copper, which, after evaporation with sulphuric acid, was 
precipitated and weighed as thiocyanate. The following results 
were obtained : 

As present (mg.) ... 0 83*3 113*0 253*2 254*5 265-2 349*7 013*5 

Cu dissolved (mg.).. 7*8 29*5 34*5 52*0 52-2 53-0 61*0 $0*4 

The amount of copper dissolved rises steadily with increasing 
amounts of arsenic until it becomes ten times its original value. 
This agrees with our observation that it is possible for small amounts 
x>i copper in copper-arsenic mixtures to be entirely missed in a 
qualitative analysis, unless the arsenic group is examined for copper. 

A second series was tried in which colourless ammonium sulphide 
was substituted for yellow ammonium sulphide. NTo copper was 
found in the arsenic filtrate. Pure sodium sulphide gave irregular 
results. With 0*1600 g. of arsenic, 0*0373 g. of copper appeared 
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in the filtrates, but although two other results gave appreciable 
dissolved copper, other experiments gave negative results. Quali¬ 
tative experiments showed that copper sulphide dissolved appreciably 
in presence of arsenic sulphide, giving unstable solutions from 
which cupric sulphide was reprecipitated on warming. 

A solution of sodium polysulphide (16 g. of sulphur and 120 g. 
of hTa 2 S,9H 2 0 per litre, i.e., Na 2 S 2 ) gave stable solutions containing 
arsenic and copper. The influence of arsenic was not so great as 
in the first series of experiments, but was by no means negligible. 
The results were as follows : 

Cu taken, 0*200 g.; 50 c.c. of Na 2 S 2 solution. 


As (mg.). 0 149*2 237*7 365*5 480*0 620*2 

Cu diss. (mg.). 41*8 48*5 50*7 51*8 52*0 53*0 


—Untveesity of Glasgow. [Received, June 25th, 1927.] 


9-Methylcarbazole-Z-arsinic Acid and its Reduction Products . By 
Harold Burton and Charles Stanley Gibson. 


3-Amino-9-methylcarbazole was prepared from 9-methylearbazole 
(Burton and Gibson, J., 1924,125, 2501) by nitration in acetic acid 
solution and reduction of the 3-nitro-9-methylearbazole by means 
of tin and hydrochloric acid (Lindemann, Ber., 1924, 57, 555; 
Morgan and Read, J., 1922, 121, 2715). It was characterised by 
its m. p., 173—174°, and by its acetyl derivative, m. p. 208—209° 
(Found: 0, 75*65; H, 5*65. Calc.: C, 75*6; H, 5*9%). Linde- 
mann {Joe. cii.) gives m. p.’s 174° and 210°, respectively. On 
diazotisation in hydrochloric acid solution at the ordinary tempera¬ 
ture (compare Morgan and Read, loc. cit.) and addition of an alkaline, 
solution of p-naphthol, the deep red 9-methylcarbazole-3-azo»$- 
naphthol separated. This compound was obtained from its solution 
in acetic acid in small, deep red needles, m. p. 212° (decomp.) 
(Found: C,78*5; H, 5*2; N, 12*1. Cya^OK requires G 78*6; 
H, 4*9; N, 12*0%). 


Q-Methylcarbazole-3-arsinic Acid , 


JAsO(OH) 2 


suspension of 3-amino-9-methylcarbazole (19*6 g.) in a mixture of 
water (250 c.c.) and concentrated hydrochloric acid (25 c.c.) was 
cooled below 10° and diazotised with sodium nitrite solution. The 
diazo-solution was then cooled to 0° and neutralised with cold 
sodium hydroxide solution. The neutralised solution was added 
gradually with stirring at room temperature to a solution of sodium 
arsenite (arsenious oxide, 15 g.; sodium carbonate, 24 g.; water, 
105 c.c.), to which 10 c.c. of a 10% solution of copper sulphate 
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previously treated with ammonia had been added. After the 
addition was complete, the mixture was stirred for 1 hour, boiled, 
and filtered from tarry matter. The filtrate on acidification de¬ 
posited the crude acid (10-5 g.); this crystallised from glacial 
acetic acid in clusters of small, colourless needles, which did not 
melt below 300° (Found: As, 24*3. C 13 H 12 0 3 NAs requires As, 24*6%). 

S-Methylcarbazole-Z-arsenious Chloride. —A boiling solution of 
9-methylcarbazole-3-arsinic acid (5 g.) in alcohol (20 c.c.) and 
concentrated hydrochloric acid (20 c.c.) containing a trace of iodine 
was saturated with sulphur dioxide for 10 minutes. On cooling, 
the crude chloroarsine separated as a gummy mass which gradually 
solidified. It was purified by dissolving it in benzene, adding 
light petroleum to the hot solution until all the colouring matter 
was precipitated, and then filtering and cooling it; the chloroarsine 
separated in small, colourless prisms, m. p. 121—122° (Found: 
As, 22-6. C^H^NClgAs requires As, 23*0%). 

9-Meikylcarbazole-%-arsenious Oxide. —A solution of the chloro¬ 
arsine in acetone was treated with ammonia, and the mixture well 
shaken. The precipitate was filtered off, washed with water until 
free from chloride, and dried. The oxide is insoluble in the ordinary 
organic solvents. It has m. p.182—185° (decomp.) (Found : As, 
27-3. C 13 H 10 ONAs requires As, 27*7%).— Guy’s Hospital Medi¬ 
cal School (Univeesity of London), S.E.l. [j Received, July 26^, 
1927.] _ 


Derivatives of o-Aminophenylarsinic Acid. By Habold Bxjeton 
and Chakles Stanley Gibson. 

During the course of investigations which have been carried out 
on heterocyclic arsenic compounds, a number of simple arsinic 
compounds have been prepared which might be useful to other 
investigators. 

o-j Ethylaminophenylarsinic Acid , KHEt*C 6 H 4 *AsO(OH) 2 .—Ethyl 
sulphate (17 g.) was added to a constantly stirred solution of 
o-aminophenylarsinic acid (21*7 g.) in sodium hydroxide solution 
(46 c.c., 10%), heated on the water-bath, and the clear solution 
heated for 10 minutes after the initial reaction had finished. The 
red oil which separated on cooling solidified and was recrystallised 
from water, forming colourless needles, m. p. 128—129° (yield, 
6 g.) (Found : As, 30*7. C 8 H 12 0 3 NAs requires As, 30*6%). The 
Twtfraso-derivative was prepared by adding a solution of sodium 
nitrite (2*5 g.) to a solution of the acid (2 g.) in dilute hydrochloric 
acid. The crystalline product (1*7 g.), which gave Liebermann ? s 
nitrosoamine-reaction, was recrystallised from water and obtained 
in colourless needles, m. p. 160° (decomp.) (Found: As, 27/0. 
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C 8 H 11 0 4 N 2 As requires As, 27*35%). The acetyl derivative (m. p. 
187—188°), prepared in the usual way, was readily soluble in water 
and in the common organic solvents; its silver salt was analysed and 
the acid shown to be dibasic (Found : Ag, 43*0. C 10 H 12 O 4 NAsAg 2 
requires Ag, 43*1%). 

Z-Nitro-Q-diethylaminophenylarsinic Acid , 

NEt 2 *C 6 H 3 (N0 2 )’As0(0H) 2 . 

—For the preparation of this acid we required 4:-nitro-2-aminodieihyl- 
aniline. This was prepared by the ammonium sulphide reduction 
of 2 : 4-dinitrodiethylaniline, and the product isolated as the crystal¬ 
line hydrochloride , yellow prisms, m. p. 205—206°. The benzylidene 
derivative formed yellow needles, m. p. 97—98°,* from alcohol 
(Found: C, 68*4; H, 6*6. C 17 H 19 0 2 N 3 requires C, 68*7; H, 
6*4%). The base itself was obtained as a red, viscous oil. The 
hydrochloride was suspended in water, diazotised, and reduced 
with sodium stannite, giving p -nitrodiethylaniline, m. p. 75°. 

A mixture of 4-nitro-2-aminodiethylaniline hydrochloride (24*5 
g.), water (150 c.c.), and concentrated hydrochloric acid (25 c.c.) 
was diazotised at 0° with a sodium nitrite solution (7 g.; 20 c.c.). 
This diazo-solution was added to a stirred solution consisting of 
sodium arsenite (arsenious oxide, 15 g.; crystalline sodium carbon¬ 
ate, 65 g.; water, 105 c.c.; 5N- sodium hydroxide, 40 c.c.) and 
10 c.c. of a 10% solution of copper sulphate which had been treated 
with an excess of ammonia. The mixture was stirred until frothing 
had subsided and then warmed until all effervescence had ceased. 
After cooling, it was stirred with decolorising charcoal, filtered, and 
the filtrate acidified with hydrochloric acid (Congo-red). The acid 
(5*5 g.) was filtered off and crystallised from a large volume of water, 
from which it separated in glistening, yellow needles, m. p. 195—196° 
(decomp.) (Found : As, 23*5. C 10 H 15 O 5 jST 2 As requires As, 23*6%). 

Z-Nitro-6-dietkylaminophenylarsenioiis Chloride , 
NEt 2 -C 6 H 3 (N0 2 )-AsCl 2 . 

—3 -Nitro - 6 ~diethylaminophenylarsinic acid (3*2 g.), in alcohol (20 
c.c.) and concentrated hydrochloric acid (10 c.c.) containing a trace 
of iodine, was saturated with sulphur dioxide for 30 minutes. On 
cooling, a yellow, crystalline product separated (3*0 g.); this 
crystallised from benzene in deep yellow prisms, m. p. 143—144° 
(Found: As, 22*1; Cl, 20*8. C 10 H 13 O 2 N 2 C1 2 As requires As, 22*1; 
Cl, 20*9%). 

When o-ethylaminophenylarsinic acid or its acetyl derivative 
was reduced under similar conditions, arsenic was eliminated from 
the molecule.— Guy’s Hospital Medical School (University of 
London), S.E.l. [ Received , July 26$, 1927.] 
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CCCXX .—Strychnine and Brucine . Part VI. The 

Catalytic Hydrogenation of Strychnine and Some 
Derivatives. 

By Albert Edward Oxeord, William Henry Perkin, jun., 
and Robert Robinson. 

The motive of this investigation was our desire to gain further 
knowledge of the function of the characteristic groups and of the 
nitrogen and oxygen atoms in the molecule of strychnine, and we 
directed our attention in the first place to the question of the 
unsaturated centres. The results show clearly that strychnine 
contains one double bond. According to Skita and Franck (Ber., 
1911, 44, 2863), the reduction of strychnine in dilute acetic acid 
solution by means of hydrogen in presence of palladium (from 1% 
palladous chloride in presence of gum arabic) yields a dihydro¬ 
strychnine, m. p. 209—210°, but the volume of hydrogen stated 
to have been absorbed is only about half of that theoretically 
required. Owing to an erroneous calculation of the latter, Skita 
and Franck considered that the correct amount had been absorbed. 
Repetition of the experiment under the conditions employed by 
these authors gave negative results, but under other conditions 
we obtained dihydrostrychnine , C 21 H 24 0 2 N2> which crystallised well 
from aqueous methyl alcohol with 2H 2 0, and when anhydrous 
had m. p. 220—222°. Skita and Franck make no mention of the 
water of crystallisation, and they state, further, that the catalytic 
reduction of strychnine under 3 atm. pressure at 70° yields tetra- 
hydrostrychnine, identical with the substance obtained by the 
electrolytic reduction of strychnine. It is certain, at least, that 
our dihydrostrychnine could not be an intermediate product in 
the latter process. Just as strychnine, C 21 H 22 0 2 N 2 , by electrolytic 
reduction yields strychnidine, C 21 H 24 ON 2 , and tetrahydrostrychnine, 
C 21 H 26 0 2 N 2 , by conversion of 'CONI into -CH 2 *NI and -CH 2 (OH) 
+ NHI, respectively (Tafel, Annalen, 1898, 301, 301), so, in the 
same manner, dihydrostrychnine yields dihydrostrychnidine (A),* 
C 21 H 26 ON 2 , m. p. 212—214°, and hexahydrostrychnine , C 21 H 28 0 2 N 2 , 
m. p. 197—199°. Furthermore, catalytic reduction of strychnidine 
gave dihydrostrychnidine (A) and catalytic reduction of tetra- 

* Two dihydrostrychnidines, C 21 H 26 ON 2 , have been prepared during the 
course of our investigations, and we propose to designate by (A) the substance 
described in the present communication, m. p. 212—214°. The isomeric 
dihydrostrychnidine (B) melts at 151° and is obtained from strycHhidine 
by reduction with hydriodic acid and phosphorus. An account of the interest¬ 
ing properties of this substance will form the subject of a communication to 
be published in the near future. 

4m ' 
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hydrostrychnine gave hexahydrostrychnine, identical with the 
bases already mentioned. The dehydration of tetrahydrostrychnine 
to stryc hnidin e is also paralleled by the similar conversion of hexa- 
hydrostrychnine into dihydrostrychnidine (A). The further reduc¬ 
tion of these substances by hydrogen in presence of catalysts could 
not be accomplished, and dihydrostrychnine is characterised by 
its stability towards oxidising agents. It seems certain that the 
strychnine molecule contains only one double bond, and Tafel’s 
view of the relation of strychnine to strychnidine and tetrahydro¬ 
strychnine is amply confirmed. Although, therefore, dihydro¬ 
strychnine contains the 'CO* W, group, we have not found it possible 
to demonstrate this by the preparation of dihydrostrychnic acid, 
and it is evident that the reduction has stabilised the lactam ring. 
At one point, we have made a contact with the investigation 
described in Part IV (this vol., p. 1617), since dihydrostrychnidine (A) 
methosulphate yields methoxymethyltetrahydrostrychnidine, m. p. 
220°, when it is heated with methyl-alcoholic potassium hydroxide. 
Methoxymethyltetrahydrostrychnidine was previously obtained by 
electrolytic reduction of methoxymethyldihydrostrychnidine, m. p. 
126° ( loc , tit.), the product of the action of methyl-alcoholic potash 
on strychnidine methosulphate. It is evident that the double 
bond which resists electrolytic reduction in strychnidine may 
be readily saturated when methoxymethyldihydrostrychnidine is 
submitted to the same treatment. 

The examination of dihydrostrychnine has led us to consider 
further the important problem of the relation of strychnine to 
isostrychnine. On catalytic reduction isostrychnine yields dihydro- 
iso strychnine, C 21 H 24 0 2 N 2 ,3H 2 0, m. p. 249—2ol°, and the same 
substance was more readily obtained from dihydrostrychnine by 
the action of warm alcoholic sodium ethoxide. This proves that 
the strychnine-isostrychnine isomerism in no way depends on a 
shift of the double bond, as had previously been assumed, and 
that the process involved in the conversion of stryc hnin e into 
isostrychnine does not even require the presence of the double 
bond. All attempts to prepare acetyl and other similar derivatives 
of strychnine, strychnidine, dihydrostrychnine, and dihydro¬ 
strychnidine (A) have failed, but both ^stryc hnin e and dihydro- 
isostrychnine yield monoacetyl derivatives. There is no evidence 
of the presence of imino-groups, and since the acetyli&ostrychnine 
and acetyldihydromostrychnine are strong bases, they must be 
O-acetyl derivatives. Hence the interesting fact emerges that the 
change of strychnine to isostrychnine and of dihydrostryc hnin e 
into dihydroisostryehnine involves the appearance of a hydroxyl 
group. On the assumption, therefore, that isostrychnine contains 
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the group -CON! (see below), we know that the other groups in 
the molecule include a tertiary basic nitrogen atom, one double 
bond, and a hydroxyl group. It is of fundamental importance 
that isostrychnine contains only one double bond because oxygen 
can only occur as CIO, OOC, or OOH, and if a substance con¬ 
taining a carbonyl or an ether group isomerises with the production 
of an alcohol the process must be accompanied by the formation 
of a new double bond or a new ring. Experiment excludes the 
former alternative and we must therefore accept the latter. On 
the hypothesis that strychnine contains an ether group, it becomes 
necessary to assume the occurrence of some such process as the 
slipping of a bond in pentamethylene oxide with formation of a 
hydroxycycfopentane. This does not commend itself as a probable 
explanation : there are few analogous reactions and we cannot 
imagine that such a change would be brought about by the agency 
of sodium ethoxide in warm alcoholic solution. On the hypothesis 
that strychnine contains a carbonyl group, however, we can readily 
explain the appearance of a hydroxyl group in isostrychnine as 
due to an intramolecular condensation, ICO + CH: —>■ IC(OH)*C:. 
It is interesting that no parallel to the strychnine-isostrychnine 
transformation exists in the strychnidine and tetrahydrostrychnine 
series (see p. 2407), and this suggests that the *CONI group is 
directly concerned. If it should be proved in the future that 
strychnine is a ketone, then an acceptable explanation of the change 
of strychnine to isostrychnine is that expressed in the scheme 

ICO + CH-CO-NI —> :C(OH)-C-CO-NI 

These considerations have necessitated the further examination of 
the reactions of isostrychnine. As stated above, it yields an 
O-acetyl derivative, but we have been unable to confirm the state¬ 
ment of Oliveri-Mandala and Cornelia (Gazzetta, 1923, 53, 627) 
that the base gives a crystalline semicarbazone, m. p. 215° (decomp.). 
In addition we were unable to obtain a phenylhydrazone of iso¬ 
strychnine or a semicarbazone of dihydroisostrychnine. The argu¬ 
ment presented above, and indeed any theory implying that the 
hydroxyl group of isostrychnine is derived by modification of the 
function of the cryptic oxygen atom of strychnine (i.e., that oxygen 
atom not included in the *CONI group), can only be sustained if 
isostrychnine contains the *CONI group of strychnine. In favour 
of this view we may marshal the facts that isostrychnine is a mono¬ 
acid base, that it exhibits colour reactions of the strychnine type, 
that it yields isostrychnic acid on hydrolysis (Pictet and Bacovescu, 
Ber.> 1905, 38, 2787; compare p. 2395), although the reverse 
change has not been accomplished, and that isostrychnic acid 
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exhibits colour reactions of the strychnidine type; nothing is 
known that is not in agreement with the suggestion that iso- 
strychnine contains this group. We have sought further con¬ 
firmation by studying the electrolytic reduction of isostrychnine 
and of dihydro isostrychnine, and have obtained new bases of the 
strychnidine type, viz., isostrychnidine, C 21 H 24 ON 25 1 *5H 2 0, and 
dihydroimstrychnidiTie, C 21 H 26 ON 2 ,0-5H 3 O, respectively. The latter 
must be designated dihydroi&ostrycfmidine (a), since an isomeride, 
dihydroisostrychnidine ( b ), is obtained by the catalytic reduction 
of isostryehnidine. These bases exhibit many of the characteristics 
of strychnidine, and their preparation affords strong support to the 
view that isostrychnine contains the cyclic amide grouping. 



The following miscellaneous observations are included in this 
communication. Some further work on the coupling of strychnine 
derivatives with diazonium salts has been carried out. Reduction 
of sulphobenzeneazostrychnidine gives aminostrychnidine , C 21 H 25 ON 3 , 
and the striking colour reactions of this base establish beyond 
question that it is p -aminostrychnidine, the amino-group being in 
the para-relation to the nitrogen atom attached to the benzene 
nucleus in strychnine. It is, for example, convertible into an 
analogue of toluylene-blue and then into the eurhodine analogous 
to toluylene-red. 

The Schotten—Baumann benzoylation of strychnic acid was 
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expected to attack the INH group that this substance is supposed 
to contain, and although we have isolated a definite product of 
the correct composition, yet its behaviour suggests that it is 
the mixed anhydride of benzoic and strychnic acids rather than 
A-benzoylstrychnic acid. 

In the course of abortive attempts to convert strychnidine and 
tetrahydrostrychnine into members of the ^strychnine series, it 
was found that on being heated with water in an autoclave at 
170—185° each of these bases was partly converted into an oxidation 
product. 

The scheme on page 2392 summarises the relationships of some of 
the substances discussed above. A more detailed examination 
of certain of the new bases now described is in progress, and the 
work is being extended to the brucine series. 

Experimental. 

Dihydrostrychnine .—All the catalytic reductions described in 
this communication were carried out in a flask fitted with an efficient 
stirrer with gas-tight packing. Norite (50 g., previously heated to 
redness) was added to a solution of palladous chloride (4 g.) in 
water (400 c.c.) containing a few drops of concentrated hydrochloric 
acid, and the mixture stirred in hydrogen until no further absorp¬ 
tion took place. A solution of strychnine (57 g.) in 50% acetic 
acid (200 c.c.) was then introduced and agitation continued for 
3—4 hours, during which 3,600 c.c. of hydrogen were absorbed 
(calc, for one double bond: 3,820 c.c.). The filtered liquid was 
basified with ammonia, whereupon practically pure dihydrostrychnine 
was precipitated in a crystalline condition (yield, 93%). The 
recovered catalyst may be reactivated by exposure to the air for 
a day and can be used at least 4 times, but in any one experiment 
1 g. of palladous chloride is unable to catalyse satisfactorily the 
reduction of more than 17 g. of strychnine. 

Dihydrostrychnine crystallises from 50% aqueous methyl alcohol 
in long, silky, colourless needles (Found: C, 68-3, 67*9; H, 7*5, 
7*4; N, 7*1; loss at 100°, 9*3; loss at 130°, 9*8. C 21 H^0 2 N 2 ,2H 2 0 
requires C, 67*7; H, 7*5; N, 7*5; 2H 2 0, 9*7%). The anhydrous 
base melts without decomposition at 220—222° (Found : C, 75*1; 
H, 7*1. C 21 H 24 0 2 N 2 requires C, 75*0; H, 7*2%). It dissolves in 
about 190 parts of boiling water and is sparingly soluble in cold 
water; it is readily soluble in cold ethyl and methyl alcohols, 
moderately readily soluble in cold benzene, and sparingly soluble 
in cold ethyl acetate and in boiling acetone, from which it separates 
in minute, compact prisms. The substance has a bitter taste similar 
to that of strychnine. The faintly acid solutions, of dihydro- 
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strychnine develop no coloration on the addition of ferric chloride, 
and the base does not couple with diazobenzenesulphonic acid. 
With 60% sulphuric acid (by vol.) and potassium dichromate it 
gives an intense reddish-purple colour, slowly fading to a brownish- 
red. Attempts to obtain a semicarbazone of the base were fruit¬ 
less, and failure also attended an attempt to acetylate it by means 
of anhydrous sodium acetate and acetic anhydride, the dihydro¬ 
strychnine being recovered unchanged and identified by analysis 
(Found : C, 68-0; H, 7*6; N, 7*5%), by m. p., and by mixed m. p. 
(220° in each case). 

If the base contained the •CH(OH)* group it should yield a ketone 
under the conditions used to change codeine into codeinone (Ach 
and Knorr, Ber., 1903, 36, 3070). Dihydrostrychnine (5 g.) was 
dissolved in a cold mixture of concentrated sulphuric acid (3*5 
c.c.) and water (31 c.c.); addition of finely powdered potassium 
dichromate (3 g.) with stirring produced an orange-coloured pre¬ 
cipitate, and when the mixture was heated for 20 minutes on the 
steam-bath a deep brownish-red solution was obtained, from which 
4 g. of pure dihydrostrychnine could then be recovered. 

Oxidation of the base with potassium permanganate was attempted 
under the conditions prescribed by Leuchs and Schwabel {Ber., 
1913, 46, 3695) for the oxidation of strychnine. Dihydrostrychnine 
dihydrate (15 g.), dissolved in chloroform (120 c.c.) and acetone 
(600 c.c.), was stirred with a little finely powdered potassium 
permanganate for 1 hour. Oxidation did not occur and the mixture 
was boiled for 3 hours with gradual addition of potassium per¬ 
manganate (30 g.), and then for 1 hour longer. The permanganate 
was destroyed, but 12 g. of dihydrostrychnine were recovered, and 
the working up of the manganese precipitate gave only a minute 
amount of a brown syrup that was not further investigated. 

Further catalytic hydrogenation of dihydrostrychnine was 
attempted at 100°, 0*6 g. of palladous chloride being used for 3 g. 
of the base. No absorption of hydrogen occurred, and the whole 
of the base was recovered unchanged. Attempts to convert 
dihydrostrychnine into dihydrostrychnic acid (e.g., by the method 
used by Tafel, Annalen , 1891, 264, 50, for the conversion of strych¬ 
nine into strychnic acid free from fsostryehnic acid) gave either 
dihydroisostrychnine (see below) or an amorphous base melting 
over a wide range, but in no case was any satisfactory acid product 
isolated. It may be mentioned here that the catalytic reduction 
of strychnic acid in dilute acetic acid solution gave dihydrostrych¬ 
nine in good yield, but in all probability the strychnic acid was 
first converted into strychnine and then reduced. 

Dihydrostrychnine Metho&ulphate .—A mixture of dihydrostrych. 
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nine (10 g.), methyl sulphate (6 c.c.), and benzene (120 c.c.) was 
boiled for 5 minutes, then cooled; the resulting solid crystallised 
from alcohol in fine, colourless rods, m. p. 322° (decomp.) with 
previous darkening from 300° (Found : C, 59*1; H, 6-4, C 23 H 30 O 6 N 2 S 
requires C, 59*7; H, 6*5%). This derivative is readily soluble in 
water, but very sparingly soluble in cold alcohol or boiling ethyl 
acetate or acetone. When it was reduced in aqueous solution by 
4% sodium amalgam (under conditions similar to those employed 
for strychnine methosulphate in experiments that will shortly be 
reported), no oily base separated and the brownish-red solution 
was not further investigated. The related methiodide was obtained 
in a similar manner by direct combination of the components. 
It is moderately readily soluble in water, very sparingly soluble in 
alcohol, and crystallises from a mixture of these solvents in stellar 
aggregates of colourless rods, that suffer slight discoloration between 
300° and 330° (Found : C, 53-8; H, 5-6. C 22 H 27 0 2 N 2 I,H 2 0 requires 
C, 53*2; H, 5*8%). 

iso Strychnine and iso Strychnic Acid .—An attempt to repeat the 
preparation of the semicarbazone described by Oliveri-Mandala 
and Cornelia ( loc . cit.) did not succeed, and ^sostrychnine was 
recovered unchanged (Found : C, 65*5; H, 7-2. Calc, for 
C 21 H 22 0 2 N 2 ,3H 2 0 : 

C, 65*0; H, 7-2%). No other result was obtained when the sodium 
hydroxide prescribed by the above-mentioned authors was replaced 
by a large excess of sodium acetate. When the base (1 g.), together 
with phenylhydrazine (0*4 g.) and 6% acetic acid (3*5 c.c.), was 
heated for 3 hours on the steam-bath, the recoverable crystalline 
base was found to be unchanged isostryehnine, m. p. 220°, alone or 
mixed with an authentic specimen. 

The colour reaction of isostrychnine with 60% sulphuric acid and 
potassium dichromate differs somewhat from that of strychnine. It 
is a not very intense pure violet coloration, fading in a few seconds 
to a very pale brown. The conversion of -^strychnine into 
isostrychnic acid can be accomplished according to Pictet and 
Bacovescu (loc. cit.) by the action of boiling alcoholic sodium 
ethoxide (concentration not stated) during 6 hours. We find, 
however, that the yield is very small under their conditions. A 
mixture of ^ostrychnine trihydrate (4*5 g.) and alcoholic sodium 
ethoxide (from 0*7 g. of sodium and 7*5 c.c. of alcohol) was heated 
on the steam-bath for 6J hours, giving a deep brownish-red solution 
that exhibited a green fluorescence. After dilution with water 
(85 c.c.) and keeping for some hours in the ice-chest, nothing separ¬ 
ated and the solution was exactly neutralised with acetic acid. 
The slimy, red precipitate consisted chiefly of an insoluble pigment 
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and was extracted with hot water (charcoal); ultimately, colour¬ 
less, slender needles of isostrychnic acid (0*5 g.), m. p. 231° (decomp.), 
were isolated. The yield was increased to 40% when the hydrolysis 
was carried out for 11 hours at 60°. This material does not lose 
weight when heated at 140° for several hours (Found: C, 68-3; 
H, 7*1. Calc, for C 21 H 26 0 4 N 2 : C, 68*1; H, 7*0). We have found 
that s’sostrychnic acid cannot be reduced by hydrogen in presence 
of palladinised charcoal in dilute acetic acid solution. It is usually 
regarded as C 21 H 24 0 3 N 2 ,H 2 0, but the facts suggest that the molecule 
of water may be constitutionally bound, e.g., by addition to the 
ethylene link age. The acid is unchanged by boiling dilute hydro¬ 
chloric acid and under no conditions has it been reconverted into 
zsostrychnine. The colour reactions indicate that the N-CO link 
has been broken, since they are of the strychnidine type. With 
ferric chloride in dilute hydrochloric acid solution a red colour 
develops slowly in the cold, but, on warming, the solution becomes 
intensely blood-red. Coupling with diazobenzenesulphonic acid 
occurs in cold dilute acetic acid solution to an azo-compound 
exhibiting the usual properties. Unlike strychnic acid (see below), 
isostrychnic acid could not be converted into a benzoyl derivative 
by the Schotten-Baumann method. 

Q-Acetylisostrychnine. —Oliveri-Mandala and Cornelia (loc. cit.) 
found that isostrychnine, but not strychnine, reacts with magnesium 
ethyl bromide, yielding a molecular proportion of ethane. They 
attributed this to interaction of the Grignard reagent with an imino- 
group in the base; it seems more probable to us that the liberation 
of ethane is due to the presence of a hydroxyl group in the iso¬ 
strychnine molecule, and we can recall no evidence indicating that 
the substance is a secondary base. 

A mixture of isostrychnine (2 g.), fused sodium acetate (1 g.), 
and acetic anhydride (6 c.c.) was heated on the steam-bath for 
4 hours and considerable darkening occurred. The cooled mass 
was added to water, and the excess of acetic acid neutralised by 
sodium bicarbonate. The product was isolated by means of 
chloroform and crystallised repeatedly from light petroleum, a 
process which greatly diminishes the final yield. The acetyl deriv¬ 
ative crystallises in groups of minute, colourless needles, m. p. 
133—134° (Found : C, 73*3; H. 6*4. requires C, 73*4; 

H, 6-4%); it is readily soluble in most organic solvents and dis¬ 
solves at once in very dilute acetic acid, the addition of sodium 
hydroxide then producing a turbidity which soon clears, doubtless 
as the result of hydrolysis. 

Preparation of Dihydroisostrychnine .—(A) By the catalytic reduc¬ 
tion of iso strychnine. Norite (12 g.) was palladinised (0*5 g. of 
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palladous chloride in 250 c.c. of water) as already described, and 
a solution of isostrychnine trihydrate (4*9 g.) in a few c.c. of dilute 
acetic acid was then introduced. The theoretical volume of hydrogen 
(340 c.c.) was absorbed in 5 hours; absorption then ceased suddenly. 
The filtered liquid was basified with dilute aqueous sodium hydr¬ 
oxide, a colourless oil being precipitated which solidified after 
being kept for a long time. The dihydroisostrychnine was crystallised 
from benzene-light petroleum and then several times from water; 
fern-like bunches of coarse, colourless needles, m. p. 244—246°, 
were thus obtained (Found : C, 64-7; H, 7*5. C 21 H 24 0 2 N 25 3H 2 0 
requires C, 64*6; H, 7*7; 3H 2 0, 13*8%). 

(B) By isomeric change of dihydrostrychnine. Strychnine has 
been converted into ^ostrychnine in two ways: (1) by heating 
with water at 170—175° (Pictet and Bacovescu, loc. cit.; compare 
also Leuchs and Nitschke, Ber. 3 1922, 55, 3171, and Oliveri-Mandala 
and Cornelia, be. cit.); (2) by heating with methyl-alcoholic 
ammonia under various conditions (Leuchs and Nitschke, loc. cit.). 
A third method (3) is indicated by the observation of Tafel (Annalen, 
1891, 264, 50) that strychnine yields isostrychnic acid as well as 
strychnic acid when it is heated with alcoholic sodium ethoxide 
at temperatures above 70°. The three processes have been applied 
to the transformation of dihydrostrychnine. 

(1) Dihydrostrychnine (1 g.) and water (25 c.c.) were heated in a 
sealed tube at 165—185° for 5 hours. Very little decomposition 
occurred (distinction from strychnine), and the aqueous solution 
was separated from the gummy residue and kept in the ice-chest. 
The gum solidified and was found to consist of unchanged material, 
whilst the solution deposited amorphous material which could be 
crystallised from water in slender, colourless needles, m. p. 237— 
238°. This product is slightly impure dihydro^ostrychnine, as was 
proved by comparison with specimens prepared by other methods. 

(2) This method gave quite good results on a small scale, but 
an attempt to reproduce the conditions on a larger scale in an 
autoclave failed completely. A sealed tube containing dihydro¬ 
strychnine dihydrate (1*2 g. ) and 25 c.c. of methyl-alcoholic ammonia 
(saturated at 15°) was heated at 120—140° (but not higher) for 48 
hours. The tube was opened and the pale yellow liquid evaporated 
in a vacuum; the residue crystallised from water in colourless 
needles, m. p. 240—245° (Found : C, 64*8; H, 7*8%). 

(3) This is the most satisfactory method of preparation, but the 
yield is greatly diminished if the operation is carried out on a 
larger scale. Dihydrostrychnine dihydrate (5 g., finely powdered) 
was added to an alcoholic solution (20 c.c.) of sodium ethoxide 
(0*5 g. of sodium), and the mixture heated on the steam-bath 

4 m2 
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until complete solution had been effected. The deep purplish-red 
liquid was boiled for 2 minutes, then cooled and maintained at 
44—46° for 6 hours. A yellow solid soon began to separate and 
eventually the liquid became filled with the crystals, forming a 
thick paste. After being cooled and kept in the ice-chest, the 
solid was collected, washed with a little alcohol, and dried (2 g., 
or 40%). Nothing further could be obtained from the alcoholic 
filtrate, which gave an amorphous precipitate on dilution with 
water. The base crystallised from water in bunches of colourless 
needles, m. p. 248—250° (Found: C, 65T; H, 7*5; loss at 120°, 
13*5%). The anhydrous base crystallised from benzene-light 
petroleum in needles, m. p. 249—251° (Found: C, 74*6; H, 7*2. 
C 21 B^0 2 N 2 requires C, 75*0; H, 7 * 2 %). 

The following mixtures had melting points that were higher than 
those of the lower-melting specimens in each case, the m. p.’s of the 
specimens being those already quoted above: (A) with (B2), (A) 
with (B3), (B 2 ) with (B3). 

Dihydrozsostrychnine dissolves in 90—100 parts of boiling water 
and is sparingly soluble in cold water, cold ethyl alcohol, boiling 
benzene or acetone; it is moderately readily soluble in boiling 
ethyl acetate, and readily soluble in chloroform, cold methyl alcohol, 
and hot ethyl alcohol. It gives no ferric chloride reaction, and 
addition of potassium dichromate to its solution in 60% sulphuric 
acid produces an intense purple coloration, persisting for a minute 
and then fading to a light reddish-brown. Attempts to prepare a 
semiearbazone were quite unsuccessful, and it was found that the 
further catalytic hydrogenation of the base at 70° could not be 
accomplished. There was some evidence, in that a weak Lieber- 
mann reaction was observed, that the base gives a nitrosoamine, 
but the isolated product (Found: N, 6 * 6 %) was the unchanged 
base. Probably the crude material contained a trace of an ester 
of nitrous acid resulting from the interaction of the acid with the 
alcoholic hydroxyl group of the base. The methosulphate is a 
readily soluble gum, but the methiodide crystallises from alcohol 
containing a little water in groups of thick, colourless rods, m. p. 
320° (decomp.) with darkening from 310° (Found: N, 6 * 2 . 
C 22 H 27 O 2 N 2 I requires N, 5*9%). It is sparingly soluble in hot 
alcohol and readily soluble in cold water. 

O-^L cetyldihydromostrychnine .—A mixture of dihydroisostrychnine 
(I g.), fused sodium acetate (0*5 g.), and acetic anhydride (3*5 c.c.) 
was heated on the steam-bath for 3 hours. The product was 
decomposed by water, the acid neutralised by sodium bicarbonate, 
and the base extracted by chloroform. After removal of the solvent 
in a vacuum, the residue crystallised from light petroleum, con- 
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taining a little benzene, in rods which were recrystallised several 
times from light petroleum without material alteration of the 
m. p. The slender, colourless needles thus obtained had m. p. 202— 
204° (Found: C, 72*9; H, 71. requires C, 73*0; 

H, 6*9%), and m. p. 190—195° when mixed with dihydroiso- 
strychnine. O-Acetyldihydroisostrychnine is immediately soluble in 
dilute acetic acid, and on the progressive addition of sodium 
hydroxide a turbidity appears and then disappears; on keeping, 
this solution deposits dihydrozsostrychmne in needles. 

Preparation of Dihydrostrychnidine (A).—(I) By catalytic hydro¬ 
genation of strychnidine . The reduction of strychnidine could not 
be accomplished at the ordinary temperature, and under the 
following conditions it gave good results on a small scale only. 
A violently agitated mixture of norite (4 g., previously heated to 
redness) and palladous chloride (0*4 g.) dissolved in very dilute 
hydrochloric acid (100 c.c.) was allowed to absorb hydrogen, and 
when no further change occurred a solution of strychnidine (3 g.) 
in 67% acetic acid (30 c.c.) was introduced and the flask immersed 
in water at 65° (renewed when it cooled to 50°). After 3| hours 
the volume of hydrogen absorbed was 190 c.c. (theory, 210 c.c.) 
and absorption ceased. The base was precipitated from the filtered 
liquid by means of sodium hydroxide, and the grey granules were 
collected and dried in a vacuum (yield, 50%; m. p. 200—209°). 
The substance, crystallised from methyl alcohol and then from 
light petroleum, formed small, well-defined, colourless tablets, m. p. 
212—214° (Found : C, 78-3; H, 7*9. C 21 H 26 ON 2 requires C, 78*3; 
H, 8*1%). When crystallised from methyl alcohol the base forms 
large, glistening, colourless leaflets (Found: C, 78*6; H, 8*0%). 
Dihydrostrychnidine (A) is not appreciably soluble in boiling water, 
but it is readily soluble in cold ethyl alcohol, benzene, or carbon 
tetrachloride; it is moderately readily soluble in hot ethyl acetate, 
and sparingly soluble in boiling acetone and light petroleum. 
Unlike strychnidine, it gives only a faint coloration when ferric 
chloride is added to its solution in an excess of dilute hydrochloric 
acid; a rose-red coloration develops on warming. If only a trace 
of hydrochloric acid is present, an intense coloration develops a 
few seconds after the addition of ferric chloride. As explained in 
Parts IV and V (this vol., pp. 1595, 1662), this behaviour is closely 
connected with the strength of the substances as di-acid bases, 
and is a clear indication that the nitrogen atom joined to the aromatic 
nucleus is a much stronger basic centre in dihydrostrychnidine (A) 
than it is in strychnidine. The base is stable to potassium per¬ 
manganate in cold acetone solution containing a few drops of 
water, but it is rapidly-oxidised if much water is added. It is 
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unaffected by acetic anhydride and dry sodium acetate at 100°. 
The base is unacted upon by magnesium phenyl bromide in boiling 
benzene or by magnesium methyl iodide. It was also recovered 
unchanged after vigorous treatment with sodium and boiling 
zsoamyl alcohol. 

(II) By electrolytic reduction of dihydrostrychnine. Dihydro- 
strychnine dihydrate (22 g.j, dissolved in a mixture of concentrated 
sulphuric acid (83 c.c.) and water (100 c.c.), was reduced at a lead 
cathode (compare Tafel, Annalen, 1898, 301, 302) by a current 
of 6 amps, at 3*8 volts (current density, 0-09 amp./cm. 2 ). At the 
end of 3 hours, the liquid in the cathode cell gave no appreciable 
ferric chloride reaction; at the end of 9 hours both the ferric chloride 
and Otto reactions were positive; after 18 hours the Otto reaction 
was very faint; and after 2 hours more it had disappeared. Tafel 
(loc. cit.) found that strychnine was completely reduced (using 
similar conditions, but with a rather smaller current density and 
a rotating cathode) in 8 hours, so that dihydrostrychnine is appar¬ 
ently less easily reduced by this method than strychnine is. The 
liquid was diluted with 3 times its volume of water, and the base 
precipitated by the cautious addition, with cooling, of potassium 
hydroxide. The crude product was collected and dried (14 g.). 
After crystallisation from methyl alcohol and then from light 
petroleum, pure dihydrostrychnidine (A) was obtained, m. p. 212— 
214°, unchanged by admixture with a specimen obtained as in (I). 
The above method is the one that should be adopted for the 
preparation of the base in quantity. 

Dihydrostrychnidine (A) methosulphate was obtained under con¬ 
ditions similar to those used for dihydrostrychnine methosulphate 
(p. 2394). It crystallises from alcohol-light petroleum in rosettes 
of colourless, pointed needles, m. p. 250° (decomp.) (Found: C, 
61*3; H, 7*5; N, 5*8. C 23 H 32 0 5 N 2 S requires C, 61*6; H, 7*2; 
N, 6*2%). The derivative is readily soluble in water and alcohol 
and sparingly soluble in most other organic solvents. The salt 
(2 g.) was heated at 105—115° for 8 hours (reflux) with 40% methyl- 
alcoholic potassium hydroxide (22 c.c.). On addition of water, 
fine, colourless leaflets separated. Complete purification was 
effected by two crystallisations from methyl alcohol, and the 
massive, colourless, hexagonal tablets, m. p. 219—220°, were 
found to consist of methoxymethyltetrahydrostrychnidine (Part IV, 
this vol., p. 1617). The m. p. was not depressed on admixture 
with a specimen obtained by the electrolytic reduction of methoxy- 
methyldihydrostrychnidine. 

The meihiodide. Dihydrostrychnidine (A) (5 g.) was suspended 
in methyl alcohol (50 c.c.), and methyl iodide (12 c.c.) added; the 
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base then dissolved completely with little rise of temperature, 
crystallisation soon commenced, and a sandy precipitate separated. 
The mixture was boiled for \ hour and left over-night; th q methiodide 
was then collected, washed with methyl alcohol, and dried at 100°. 
When rapidly heated, it decomposed at about 340—350° to a brown 
syrup. It is sparingly soluble in boiling water or methyl alcohol 
and separates from water in striated, arrow-shaped prisms (Found : 
C, 57-0; H, 64. C 22 H 29 ON 2 I requires C, 56-8; H, 6-5%). 

The methochloride was obtained by digesting the methiodide with 
much water and silver chloride for 2 hours and evaporating the 
filtered solution to a small bulk; a colourless syrup remained which, 
kept over sulphuric acid in a vacuum desiccator, crystallised to a 
mass of needles. After contact with porous porcelain, the colourless 
mass was recrystallised from a few drops of water, and dried over 
sulphuric acid. It did not then lose weight at 100° (Found : C, 
70-7; H, 8-0. C 22 H 29 0N 2 C1 requires C, 70-8; H, 7-9%). This 
substance decomposes at about 345° and the aqueous solution gives 
with hydrochloric acid and ferric chloride a pale pink colour, which 
gradually becomes deep pink on warming. The solution in dilute 
sulphuric acid (60%) is coloured intensely brownish-crimson by 
dichromate. The methochloride (0*5 g.) was heated cautiously in 
a test-tube over a free flame until decomposition at the high temper¬ 
ature was just complete; the residue crystallised from methyl 
alcohol (norite) in leaflets, m. p. 212—213°, of dihydrostrychnidine 
(A). When the methochloride was heated with methyl-alcoholic 
potassium hydroxide (25%) on the sand-bath until the temperature 
of the melt reached 125°, the resulting product gave on addition of 
water a grey mass, which was well washed and left in contact with 
porous porcelain. This separated from xylene (norite) in leaflets, 
m. p. 220—222°, and proved to be methoxymethyltetrahyclrostrych- 
nidine. 

As stated in the Addendum at the end of this paper, these and 
other properties prove that dihydrostrychnidine (A) methiodide 
and methochloride are identical with methylweodihydrostrychni- 
dinium iodide and chloride (Part IV, this vol., p. 1623). 

The dimethosulphate and dimethiodide. A solution of dihydro¬ 
strychnidine (A) (7 g.) in carefully purified boiling benzene (50 c.c.) 
was cooled, and freshly distilled methyl sulphate (20 c.c.) added; 
the solution became warm, clouded, and the monomethosulphate 
separated as a voluminous crystalline precipitate. On heating on 
the steam-bath under reflux, the crystals gradually gave place to a 
gelatinous mass. After the mixture had been boiled for 15 hours 
and cooled in ice-water, the benzene layer was decanted and the 
viscid dimethosulphate, which showed no sign of crystallising, was 
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dissolved in water. The solution was filtered from benzene, 
neutralised with potash, and heated to boiling, and a large excess 
of hot sodium iodide solution added. The clear solution - soon 
began to deposit brilliant, arrow-shaped plates of the dimethiodide, 
which were collected, washed, and dried at 100°; m. p. about 285— 
290° (decomp.) (Found: C, 46*0; H, 5*5. C 23 H 32 0]Sr 2 l2 requires 
C, 45-6; H, 5*3%). A further small crop of crystals was obtained 
on concentrating the mother-liquor; the filtrate gave, on addition 
of 50% potassium hydroxide ^olution, only a slight turbidity 
(compare Part IV, this vol., p. 1594). 

The same dimethiodide was obtained when dihydrostrychnidine 
(A) was heated in a sealed tube with a large excess of methyl iodide 
alone (compare the preparation of the monomethiodide above) for 
several hours in the steam-bath, since the old-gold plates which 
separated had m. p. 285—290° (decomp.) and gave C, 45*2; H, 5*5%. 
This dimethiodide is very sparingly soluble in boiling methyl 
alcohol, but dissolves readily in cold and very readily in hot 
water. 

The dimethochloride , prepared from the dimethiodide and silver 
chloride in the usual way, is a hygroscopic syrup. 

After this had been heated on the sand-bath with methyl-alcoholic 
potassium hydroxide (25%) in an open flask until the temperature 
of the melt was 130°, the cold product gave with water a grey 
precipitate of methoxymethyltetrahydrostrychnidine and methyl - 
dihydrostrychnidine (A) in about equal proportions. Owing to the 
small quantity of material available, the separation of these two 
substances proved to be difficult. The mixture was dissolved in 
boiling benzene and the solution was digested with norite and con¬ 
centrated to a very small bulk. On standing in ice, crude methoxy- 
methyltetrahydrostrychnidine separated. After crystallisation 
from xylene, it melted at m. p. 220—222°, alone or when mixed with 
a specimen of the methoxy-derivative obtained as described in 
Fart IV (this vol., p. 1617). The benzene filtrate was evaporated, 
and the colourless syrup boiled with methyl alcohol; a mass of 
crystals, m. p. 155—190°, then separated. This crude substance 
was rubbed with a very little benzene, the small quantity of very 
sparingly soluble residue, m. p. 220—222°, was filtered off, and the 
syrup was again treated with methyl alcohol after the benzene had 
been evaporated. This process was repeated and the substance 
was then crystallised from methyl alcohol and finally from acetone 
(Found, in two different preparations : C, 79*0, 78*9; H, 8*5, 8*4. 
CySggONg requires C, 78*6; H, 8*3%). 

Methyldihydrostrychnidine (A) melts not quite sharply at 178— 
180° and is characterised by being remarkably sparingly soluble in 
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boiling methyl alcohol or acetone and unusually readily soluble in 
benzene. It separates from methyl alcohol or acetone in flat 
needles. A solution in dilute hydrochloric acid gives, on treatment 
with ferric chloride, an immediate crimson colour, changing to pale 
brown on warming. The base has unexpectedly little tendency to 
combine with methyl iodide. When a concentrated solution in 
benzene was boiled with methyl iodide for several minutes and 
evaporated, the residue obtained consisted essentially of the un¬ 
changed base and separated from methyl alcohol in needles, m. p. 
175—177° (Found: C, 78-3; H, 8*2%). The base is readily 
soluble, without rise of temperature, in methyl iodide and even after 
10 minutes’ boiling a good deal of uncombined base remains. 

Hexahydrosirychnine (. Dihydrotetrahydrostrychnine ).—(A) Catalytic 
reduction of tetrahydrostrychnine . This was carried out as in the 
cases described already, and the quantities were : palladous chloride 
(0*8 g.), water (300 c.c.), norite (12 g.), tetrahydrostrychnine (6 g.), 
50% acetic acid (60 c.c.). Absorption at the ordinary temperature 
was very slow (20 c.c. in 1 hour), but at 50—70° the theoretical 
volume of hydrogen was absorbed in 4 hours. The filtered liquid 
was made strongly alkaline with potassium hydroxide (cooling 
necessary), and the slightly pink, granular solid was collected and 
dried in a vacuum (yield, 60%). The hexahydrosirychnine crystal¬ 
lises from ethyl acetate, containing a little light petroleum, in large, 
rectangular tablets, mostly with facets at the comers, and faintly 
pink as the result of superficial oxidation. The m. p. of this sub¬ 
stance, 197—199°, is thus close to that of tetrahydrostrychnine 
(200—202°), but a mixture of the two gave a very large depression 
(Found: C, 74*4; H, 8*2. C 21 H 2& 0^$ 2 requires C, 74*1; H, 
8*3%). This base is sparingly soluble in light petroleum and ap¬ 
preciably soluble in boiling water; it is moderately readily soluble in 
cold ethyl acetate and in boiling benzene, acetone, or carbon tetra¬ 
chloride, and readily soluble in cold ethyl alcohol or boiling methyl 
alcohol. Like tetrahydrostrychnine, hexahydrostrychnine gives no 
coloration with ferric chloride if too much hydrochloric acid is 
present in the solution, but in the presence of only a trace of acid 
a brownish-red coloration slowly develops. 

(B) By electrolytic reduction of dihydrostrychnine . The alkaline 
solution from which crude dihydrostrychnidine was precipitated 
(see p. 2400) was exhaustively extracted with chloroform, the red 
extract separated and dried over sodium sulphate (norite), and the 
solvent removed, finally in a vacuum at 40°. The residual gum 
solidified in contact with light petroleum, and this material (5 g. 
from 22 g. of dihydrostrychnine), after three crystallisations from 
ethyl acetate containing light petroleum, was obtained in large. 
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faintly brown, irregular tablets, m. p. 197—199°, alone or mixed 
with the specimen prepared as described under (A) above. 

Evidence was obtained that hexahydrostryehnine yields a nitro- 
soamine, but the substance could not be fully purified. Similarly, 
the diacetyl derivative, prepared in the usual manner (compare 
O-aeetyldihydroisostrychnine), was obtained only as a very pale 
yellow, hygroscopic syrup (Eound: N, 6-8. C 25 H 32 0 4 N 2 requires 
N, 6*6%). It is of interest to note that this substance gives no 
coloration with ferric chloride, thus indicating the neutralised 
character of the nitrogen atom attached to the aromatic nucleus. 
The dehydration of hexahydrostryehnine with formation of dihydro- 
strychnidine (A), analogous to the conversion of tetrahydrostrychnine 
into strychnidine. can be accomplished by boiling the substance 
with ten times its weight of phosphoryl chloride for 4 minutes. 
The crude base, isolated in the usual way, has m. p. 200—210°, 
and yields pure dihydrostrychnidine (A), m. p. 212—214°, after 
one crystallisation from light petroleum. 

iso Strychnidine .—The electrolytic reduction of isostrychnine was 
effected in the usual apparatus. isoStrychnine trihydrate (13 g.), 
dissolved in a cold mixture of concentrated sulphuric acid (50 c.c.) 
and water (70 c.c.), was placed in the cathode cell and submitted 
to a current of 4-4 amps, at 4 volts (current density, 0*065 amp./cm. 2 ) 
for 20 hours, after which the Otto reaction could no longer be 
obtained. The base precipitated by means of potassium hydroxide 
from the diluted solution (with cooling) weighed 9 g., and was 
repeatedly extracted with much boiling water. On cooling, the 
solutions deposited tufts of slender, very pale brown needles, m. p. 
155—157°, with sintering at 107—118°. The behaviour on heating 
was not altered by subsequent recrystallisation from water (Found : 
loss at 105°, 6*9; at 130°, 7*4. Found in anhydrous material: 
C, 78*7; H, 7*6. C 21 H 24 0N 2 ,1*5H 2 0 requires H 2 0, 7*8. C 21 H 24 ON 2 
requires C, 78*8; H, 7*5%). isoStrycfmidine which had been 
heated at 110° for an hour was crystallised thrice from light 
petroleum and formed very light, feathery groups of colourless 
needles, m. p. 163—168° (slight decomp.) [Found: (A) C, 77*6; 

7-9%]. Again, the alkaline mother-liquors from the crude 
isostrychnidine were worked up by extraction with chloroform in 
the usual manner, with the object of determining whether any 
tsotetrahydrostrychnine was formed in the reduction, but the only 
definite product isolated was one that crystallised from light 
petroleum in colourless needles, m. p. 165—167°, alone or mixed 
with the specimen of m. p. 163—168° mentioned above (Found: 
C, 76*5; H, 7*5. C 21 H2 4 ON 2 ,0*5H 2 O requires C, 76*6; H, 7*7%). 
The analysis (A) (above) requires a still smaller proportion of 
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associated water (0-25 mol.). isoStrychnidine is easily decomposed 
on heating, e.g., it is discoloured at 110° after 1 hour, and a possible 
explanation of our results is that the low m. p. of the product 
crystallised from water is the result of decomposition occurring 
during the sintering period, when solvent of crystallisation is being 
removed. Crystallisation from light petroleum seems to give less 
fully hydrated modifications, which may melt at higher temperatures 
as the result of their superior stability. Confirmation of this view 
was obtained by crystallising a specimen, m. p. 163—168°, from 
water, whereupon the m. p. fell to 155—157°. ^oStrychnidine is 
readily soluble in cold methyl and ethyl alcohols, ethyl acetate, 
acetone, or chloroform, and in boiling benzene, from which a small 
proportion crystallises on cooling in elongated, rectangular plates. 
It is sparingly soluble in light petroleum. In the presence of an 
excess of dilute hydrochloric acid, it gives no coloration with ferric 
chloride when cold, and a very pale colour on warming. If only 
a trace of hydrochloric acid is present, an intense rose-red colour 
develops in a few seconds. The methosulphate crystallises from 
a mixture of alcohol and light petroleum in minute, elongated, 
rectangular, nearly colourless prisms, m. p. 200—205° (decomp.) 
(Found : 1ST, 5*9. C^gH^OgNaS requires N, 6*3%). When heated 
with methyl-alcoholic potassium hydroxide, it yielded a resinous 
base that could not be crystallised and was not further investigated. 

DiJiydroisostrychnidine (a).—This base was obtained by the 
electrolytic reduction of dihydro^ostrychnine. A solution of this 
(10-1 g.) in a mixture of concentrated sulphuric acid (50 c.c.) and 
water (80 c.c.) was submitted to a current of 4 amps. (3*7—4*1 
volts), the current density at the lead cathode being 0*07 amp./cm. 2 . 
The anode cell contained 20% sulphuric acid. At the end of 21 
hours the Otto reaction was no longer exhibited, and the dihydro - 
iso strychnidine (a) was isolated as a pale yellow, gelatinous pre¬ 
cipitate (8 g.), which, crystallised from acetone and then twice from 
benzene, formed pale yellow bunches of needles, m. p. 191—192°. 
A final crystallisation from light petroleum (b. p. 80—100°) did 
not alter the m. p. (Found : C, 76-5 , 75*9; H, 8*6, 8*1; M , in 
camphor by micro-Rast, 301. C 21 H 26 ON 2 ,0*5H 2 O requires 0, 76-1; 
H, 8*2%; M , 331). On being heated at 110° for 8 hours, the 
substance lost only 1*0% (theory, 2*7%), and this suggested the 
possibility that it might be an ether derived from two molecules 
of the hypothetical hexahydro^ostrychnine. The molecular-weight 
determination disposes of this view and makes it necessary to 
assume that the compound is 2C 21 H 26 0N 2 ,H 2 0, giving C 21 H 2e ON 2 
and C 21 H 26 0N 2 ,H 2 0 in fused camphor solution. Naturally any 
water set free would be evaporated at the temperature of fused 
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camphor, and so would not affect the result. The original alkaline 
mother-liquor, from which this base was collected, was extracted 
with chloroform, and the gum remaining after removal of the 
solvent was purified by solution in ethyl acetate and precipitation 
with light petroleum, followed by two similar processes, using 
benzene and light petroleum. The product, m. p. 170—190°, 
then crystallised from water in tiny, colourless leaflets, m. p. 
191—192° (Found: C, 75-6; H, 8*1%). This substance was 
readily soluble in hot water, and was unaltered by further crystal¬ 
lisation. It thus appeared to differ from the specimen first described, 
but a mixture of the two specimens had m. p. 191—192°. The 
base from the first precipitate was boiled with 1000 parts of water, 
which dissolved only 5% of its weight. On evaporation of the 
solution, nearly colourless leaflets, m. p. 190°, alone or mixed with 
the original material, were obtained. In all such cases it is very 
difficult to determine whether we are observing the behaviour of a 
mixture of isomerides, or whether it is merely an example of the 
large influence occasionally exerted by traces of impurity on the 
solubility properties. The base is readily soluble in methyl alcohol, 
ethyl acetate, or boiling benzene, it is moderately readily soluble 
in boiling acetone, and sparingly soluble in boiling light petroleum. 
It exhibited the usual ferric chloride reaction, and was partly 
recovered unchanged after boiling with phosphoryl chloride and 
after treatment with nitrous acid. 

Dihydroisostrychnidine (b).—Unlike strychnidine, iaostrychnidine 
may be catalytically reduced at the ordinary temperature. The 
quantities employed were: palladous chloride (0*5 g.), dissolved 
in water (200 c.c.) and a little hydrochloric acid, norite (7 g.), 
isostrychnidine (2*4 g.), dissolved in a little dilute acetic acid. 
The volume of hydrogen absorbed in 3 hours was 200 c.c. (theory, 
160 c.c.). The filtered liquid was basified with sodium hydroxide, 
and the gelatinous precipitate collected and boiled with water 
(800 c.c.). On cooling, the filtered solution deposited copiously 
small, colourless plates, and these crystallised from water in tufts 
of slender, colourless needles, m. p. 150°. Further extraction of 
the crude product yielded nothing. The dihydroisostrychnidine (b) 
was twice recrystallised from light petroleum (b. p. 60—80°), giving 
spongy clusters of colourless needles, m. p. 151—153° after sintering 
at 140° (Found: C, 73*9; H, 8*2. C 21 H* 6 0N 2 ,H 2 0 requires C, 

74-1; H, 8*3%). This material, evidently a monohydrate, lost 
3*6% at 110—120° in 4 hours (theory, 5*3%), but some discolor¬ 
ation occurred. The solubilities, except in water, were similar 
to those of dihydroisostrychnidine (a) and the new base gives a 
rose-red colour on the addition of ferric chloride, even in an excess 
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of dilute hydrochloric acid. Our examination of the isomeric 
dffiydroisostrychnidines is not complete and we have not yet 
sufficient data to enable us to advance any suggestions as to the 
structural or stereochemical differences that may exist between 
them. Attempts to obtain one or other of these compounds from 
dihydrostrychnidine (A) were fruitless. Dihydrostrychnidine (A) is 
quite unchanged when it is heated with water at 180—185° for 
hours or with methyl-alcoholic ammonia at 120—145° for 
48 hours. 

Dioxyhydroxydihydrostrychnidine. —Strychnidine was unaffected 
by heating with methyl-alcoholic ammonia at 130—140° for 48 hours 
and also by treatment with alcoholic sodium ethoxide under various 
conditions. When heated with water, it yielded the oxidation 
product here described, but no asostrychnidine. Strychnidine 
(10 g.) was heated with water (300 c.c.) ( and some air) at 170— 
185° for 5| hours in a phosphor-bronze autoclave; 5 g. of the 
base were recovered unchanged, and the aqueous solution was 
concentrated to one-fourth of its original volume, filtered, and 
kept in the ice-chest. An abundant crystallisation occurred and 
the dioxyhydroxydihydrostrychnidine was recrystallised several times 
from water; flat, pointed, colourless needles, m. p. 260° (decomp., 
darkening from 250°) (Pound: loss at 105®, 15*3; N, 6*4. Found 
in anhydrous material; C, 68*6; H, 7*0. C 21 H 26 0 4 N 2 ,4H 2 0 

requires H 2 0, 16*3; N, 6*3. C 21 H 26 0 4 lSr 2 requires C, 68*1; H, 
7*0%). The anhydrous substance is hygroscopic and recovers 
almost the whole of its water of crystallisation on exposure to the 
air for a week. The base is much more readily soluble in water 
than any other strychnine derivative (except the salts) described 
in this memoir; it is also readily soluble in the simple alcohols 
and in boiling benzene or chloroform, but very sparingly soluble 
in hot ethyl acetate or light petroleum. The ferric chloride reaction 
is exhibited well in the presence of a large excess of hydrochloric 
acid. 

DioxyTiydroxyhexahydroslrychnine. —When tetr ahydrostrychnine 
was heated with methyl-alcoholic ammonia at 130—140® for 48 hours, 
it was recovered entirely unchanged. Tetrahydrostrychnine (11 g.) 
was heated with water (300 c.q.) in a phosphor-bronze autoclave 
at 170—185° for 6J hours. The brownish-yellow liquid was filtered 
from a little black material, concentrated somewhat, again filtered 
from a tar, and kept in the ice-chest. Bunches of coarse needles 
(3 g., m. p. 197—203°) separated, and several recrystallisations from 
water yielded bunches of large, fibrous, colourless needles, m. p. 
-201—203° (with effervescence a few degrees higher) (Pound; 
loss at 105°, 9*3. Pound in, anhydrous material; 0, 64*9 ; H, 6*9; 
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N, 71. C 21 H 28 0 5 N 2 ,2H 2 0 requires H 2 0, 8*5. C 21 H 28 0 5 N 2 requires 
C, 65*0; H, 7-3; N, 7*3%). Neither in the case of this base nor 
in that of the corresponding compound from strychnidine (see the 
preceding section) is the formula with two hydrogen atoms less 
excluded by the analyses. The substance is readily soluble in 
methyl alcohol, sparingly soluble in cold ethyl alcohol, and very 
sparingly soluble in boiling benzene, chloroform, ethyl acetate, or 
acetone. It is moderately readily soluble in cold water, but less 
soluble than the similar strychnidine derivative. With ferric 
chloride in presence of much dilute hydrochloric acid, it gives only 
a faint brown coloration; in presence of a trace of hydrochloric 
acid, an intense brownish-red colour develops rapidly. 

■p-Aminostrychnidine .—The various derivatives of strychnidine 
all couple with diazobenzenesulphonic acid in acid solution, giving 
in the course of time equally intensely-coloured solutions, but the 
speed of the reaction varies greatly from case to case. In acid 
solution strychnidine couples much more rapidly than dihydro- 
strychnidine (A), but in neutral solution the velocities are not very 
different. We interpret this as due to the increased basic strength 
of the dihydrostrychnidine (A), and it therefore seems probable 
that the double bond of strychnidine is not far distant in the mole¬ 
cule from the nitrogen atom that is bound to the aromatic nucleus. 
Sulphobenzeneazostrychnidine is a crimson powder, insoluble in 
organic solvents. The finely powdered substance (2-6 g.) was 
added to a solution of hydrated stannous chloride (6*5 g.) in con¬ 
centrated hydrochloric acid (16 c.c.), and the mixture boiled for a 
few minutes. It was then cooled, rendered strongly alkaline with 
sodium hydroxide, and extracted with chloroform. The extracts 
were dried and evaporated until crystallisation began; much light 
petroleum was then added. The nearly colourless precipitate 
crystallised from benzene in microscopic prisms which decompose 
above 330° (Found: N, 124. C 21 H 25 ON 3 requires N, 12-5%). 
Aminostrychnidine is moderately readily soluble in chloroform, 
sparingly soluble in hot benzene, and practically insoluble in boiling 
ethyl acetate or light petroleum. This amine gives, with ferric 
chloride in hydrochloric acid solution, an eosin-red coloration, 
quickly fading to yellow; additpn of sodium nitrite to an acid 
solution produces the same colour change, but if the solution is 
used at once it can be shown to contain a diazonium salt. The 
product of coupling with (3-naphthol and H-acid is violet, and with 
J-acid red. Diazotised sulphanilic acid and aminostrychnidine 
give a purple coloration, probably not due to a normal azo-compound 
since it is discharged by the addition of sodium hydroxide. The 
most interesting colour reactions of aminostrychnidine are, how- 
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ever, the following, which show that strychnidine has free m- 
and ^-positions with respect to the nitrogen atom. When ferric 
chloride is added to a solution of the base in dilute hydrochloric 
acid containing hydrogen sulphide, a brownish-reddish-purple colour 
is produced and the solution exhibits an intense brown fluorescence. 
Addition of ferric chloride to an acid solution containing dimethyl- 
aniline gives a royal-blue colour, doubtless owing to the formation 
of an indamine of the type of Bindschedler’s green. If m-tolyl- 
enediamine is employed in place of the dimethylaniline, a deep 
blue coloration is developed, and on warming, the solution becomes 
intense bluish-eosin-red, and on dilution exhibits a striking greenish- 
yellow fluorescence. 

Sulphobenzeneazomethylstrychnine .—Methylstrychnine (0-75 g.) was 
dissolved in very dilute acetic acid (200 c.c.) and diazobenzene- 
sulphonic acid (0*85 g., 2-2 mols.) added with stirring. A red oil 
quickly formed and solidified; this was collected and crystallised 
from much hot alcohol as a dull brick-red powder (Found : N, 
9*7%, showing that only one sulphobenzeneazo-group has been 
introduced). The substance is insoluble in organic solvents with 
the exception of the simple alcohols; it is moderately soluble in 
cold water, but a change occurs on boiling, the colour deepens and 
the solid that separates on cooling is readily soluble in cold 
acetone. 

Strychnic Benzoic Anhydride .—Benzoyl chloride (5 c.c.) was 
gradually added to a well-agitated solution of strychnic acid (4 g.) 
in 3% aqueous sodium hydroxide (100 c.c.). The light brown 
precipitate was collected and crystallised from xylene-light petrol¬ 
eum (b. p. 80—100°) in golden-yellow clusters of minute rods, 
m. p. 215—218° (Found : C, 73-6, 73*7; H, 6-2, 6-4; N, 6-2, 6*3. 
C 28 H 28 0 4 N 2 requires C, 73-7; H, 6*2; N, 6*1%). A product 
requiring less purification, and otherwise identical, is obtained 
from strychnic acid (6 g.), sodium bicarbonate (14 g.), water (200 
c.c.), and benzoyl chloride (8 c.c.). This substance is insoluble in 
dilute aqueous sodium hydroxide and is slowly hydrolysed on 
boiling the solution; it is also hydrolysed on boiling with water. 
It is, however, immediately hydrolysed by dissolution in cold dilute 
aqueous acids, even acetic acid, and addition of sodium hydroxide 
then precipitates strychnine. The behaviour of this compound 
seems inconsistent with any theory of its nature other than that 
which we have advanced—the formation of mixed anhydrides 
in the Schotten-Baumann process has frequently been observed in 
other cases. 

Addendum made on October 3rd , 1927. After the present paper 
had been set up in proof, the discovery was made that dihydro- 
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strychnidine (A), m. p. 212—214°, is identical with the substance 
described in Part IV (this vol., p. 1622) as methyl-^-dihydro- 
strychnidine, C 22 H 28 ON 2 , m. p. 212°. The latter was obtained in 
very poor yield by the action of heat on the dimethochloride (A) of 
methoxymethyltetrahydrostrychnidine and it was thought that its 
formation was due to the following change: C 23 H 22 0,N 2I 2MeCl = 
C 22 H 28 ON 2 + 2MeCl + MeOH. 

It is now clear that a more drastic decomposition must take place 
and that a >CH 2 group also is lost at the high temperature necessary 
for the change. The identity of the substance thus produced with 
dihydrostrychnidine (A) was proved by a close comparison of the 
properties, and also by the m. p. (212—214°) of a mixture, of the two 
preparations. Moreover the analysis given in Part IV, p. 1622 
(Found: C, 78-1; H, 8-0; N, 8-5) agrees rather better with the 
formula C 21 H 26 ON 2 (Calc.: C, 78-2; H, 8-1; N, 8-7%) than with 
the formula C 22 H 28 ON 2 (Calc.: C, 78-6; H, 8-3; N, 8-3%) suggested 
at the time, and the same applies to the analyses of the derivatives. 

It is also clear that the substance described as methylneodihydro- 
strychnidinium iodide [loc. cit., p. 1623), obtained from methoxy- 
methyltetrahydrostrychnidine hydriodide by the action of heat, is 
in reality dihydrostrychnidine (A) methiodide, and a similar 
correction must be applied to the corresponding chloride. It is 
therefore necessary in Part IV, pp. 1596,1597,1621,1622 and 1623, 
to replace the names methyl-^-dihydrostrychnidine by dihydro¬ 
strychnidine (A) and methylneodihydrostrychnidinium iodide 
(chloride) by dihydrostrychnidine (A) methiodide (methochloride). 
It is also probable that the substance, m. p. 220—221°, described as 
methyl-^-dihydrobrucidine in Part V of this investigation (this vol., 
p. 1661) is in reality dihydrobrucidine (A), but the proof of this 
cannot be supplied until this substance has been obtained by a 
process similar to that employed in the preparation of dihydro¬ 
strychnidine (A). Experiments with this object in view are in 
progress. 

The authors wish to thank the Advisory Council of the Depart¬ 
ment of Scientific and Industrial Eesearch for a grant which has 
enabled one of them (A. E. 0.) to take part in the investigation. 
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Manchester. [Received, July ZOth, 1927.] 
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CCCXXL— %-Hydroxycyolohexylacetolactone • 

By Robert Robinson and Ahmad Zaki. 

According to Gulland and Robinson (J., 1923, 123, 980; Mem . 
Manchester Phil. Soc ., 1925, 69, No. 10), whose suggestions have 
been amply justified by the important and outstanding experiments 
of Schopf ( Annalen , 1927,452, 211), the bases of the morphine group 
contain the heterocyclic system (I) associated with other rings. 
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An examination of the literature shows that substances of this type 
have not been obtained although the similar systems indicated by 
II, III, IV, V, and VI (where each letter represents a carbon atom 
except when otherwise specified) are found among synthesised 
compounds. It is proposed to attempt the synthesis of simple bases 
of the type (I) in order to examine the degree of stability of the ring 
structure. Progress in this direction has been made and is reported 
at this stage because one of us is unable to continue the work. 

There is little doubt that the desired base could be obtained from 
the lactone (VII), named in the title, and we have obtained this 
substance by the reduction of m-hydroxyphenylaeetic acid with 
hydrogen in the presence of platinum-black. The yield, however, 
is poor, the main product being hexahydrophenylacetic acid. It 
seemed that a better method of preparation might be through 


(pHa CH 0H 2 COoEt*CH-CH 2 *C0 2 Et 

(VII.) CH 2 9H a 90 “ 90 (VIII.) 

CH 2 —CH—0 C0 2 Et-C(CH 2 -C0 2 Et ) 2 

3-ketocycZohexylacetic acid, which might be derived by applying 
the Dieckmann reaction to the ester of methanediacetic-y-butyric 
acid, CH(CH 2 -C0 2 H) 2 *CH 2 *CH 2 -CH 2 -C0 2 H. The latter we hoped 
to obtain from the tribasic keto-acid which should be the normal 
product of hydrolysis of the ester (VIII). This has been prepared, 
but the scheme broke down owing to the wasteful nature of the 
operations necessary for the introduction of acetic residues into 
ethyl acetonedicarboxylate. 


Experimental. 

m -Hydroxyghenylacetic Acid. —Anhydro-a-benzamido-m-methoxy- 
cinnamic acid (35 g.) was hydrolysed as described by Pschorr 
{Annalen, 1912, 391, 44), but the resulting alkaline solution was 
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then acidified by the passage of sulphur dioxide, which precipitated 
the benzoic acid (compare Buck and Perkin, J., 1924, 125, 1680). 
After filtration, concentrated hydrochloric acid was added and the 
solution boiled to expel sulphur dioxide; on cooling, m-methoxy- 
phenylpyruvic acid (14 g.) separated (m. p. 154—155° after crys¬ 
tallisation from alcohol). This acid (8*4 g.) was dissolved in 10% 
sodium hydroxide (70 c.c.), and 3% hydrogen peroxide (50 c.c.) 
added. After being kept over-night in the cold, the solution was 
acidified, and ra-methoxyphenylacetic acid (6 g., m. p. 66—67° 
after one crystallisation from water) was isolated by means of 
ether. m-Hydroxyphenylacetic acid has been previously obtained 
by Salkowski (Ber., 1884, 17, 507) from m-nitrophenylacetonitrile 
by a series of reactions; we have prepared it by demethylation of 
its methyl ether : m-methoxyphenylacetic acid was boiled with 
8 times its weight of freshly distilled hydriodic acid (d 1*7) for 2 hours. 
The solution was cooled and diluted with water, free iodine re¬ 
moved by sulphur dioxide, and the acid isolated by ether as a brown 
oil which gradually crystallised. The product was purified by one 
crystallisation from benzene, dissolution in aqueous sodium car¬ 
bonate, successive extraction of the alkaline solution with carbon 
disulphide and ether, recovery by means of ether, and a final 
crystallisation from benzene. The acid had the m. p. (129°) and 
other properties attributed to it by Salkowski ( loc . cit.). 

Catalytic Reduction of m-Eydroxyphenylacetic Acid .—A solution 
of m-hydroxyphenylacetic acid (4-5 g.) in acetic acid (20 c.c.) was 
vigorously stirred with hydrogen in presence of platinum-black 
(0*7 g.), prepared by Willstatter’s method (Ber., 1912, 45, 1472). 
After a little time the flask was evacuated and the mixture stirred 
with air for 10 minutes; on re-evacuation and admission of hydrogen 
the rate of absorption was found to have been almost quadrupled. 
In about 12 hours 2330 c.c. of hydrogen had been absorbed. The 
filtered solution was steam-distilled until about 2000 c.c. of distillate 
had been collected; the liquid remaining in the flask was then 
thoroughly extracted with ether, and after removal of the solvent 
the residue was twice distilled under diminished pressure. The 
product appeared to be homogeneous, but owing to the small 
amount available we do not record the b. p. under di minis hed 
pressure; under the ordinary pressure, it has b. p. 240—243°, deter¬ 
mined by Siwolobofi’s method (Ber., 1886, 19, 795) (Bound: C, 
69*0;. H, 8*5. C 8 H 12 0 2 requires C, 68*6; H, 8*6%). This colour¬ 
less oil is clearly Z-hydroxycyoiohexylacetolactone , for it exhibits the 
behaviour of a lactone: it is immiscible with water, and on the 
addition of a drop of sodium hydroxide and a trace of phenol- 
phthalein a red coloration is obtained, which soon disappears, 
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further quantities of sodium hydroxide being similarly slowly 
neutralised until the whole of the substance has been decomposed. 
On acidifying and heating the solution, the lactone was regenerated. 
The distillate from the steam-distillation contained an acid which 
was isolated by means of ether and distilled. The fraction, b. p. 
243—246°, crystallised in the course of 2 days in large, feather-like 
aggregates, m. p. 30—31° (Found: C, 67-6; H, 10-0. Calc, for 
C 8 H 14 0 2 : C, 67-6; H, 9-8%). From the origin, m. p., analysis, and 
other properties, there can be no doubt that this substance is 
identical with hexahydrophenylacetic acid (Wallach, Annalen, 
1907, 353, 296). It constituted the main product of the reduction. 

Ethyl fiB-Diwrbethoxy-y-ketopimelate, 

C0 2 Et*CH 2 *CH(C0 2 Et)*C0*CH(C0 2 Et)-CH 2 'C0 2 Et. 

—An alcoholic solution of sodium ethoxide (from 6*9 g. of sodium) 
was added during 1| hours to a mixture of ethyl acetonedicarb- 
oxylate (30-3 g.) and ethyl bromoacetate (50 g.), heated on the steam- 
bath. The mixture was then heated under reflux till neutral, the 
alcohol distilled, and the product isolated from the residue by means of 
ether. Thorough drying was found to be essential. The oil was 
fractionated under 1 mm. pressure, but this process entailed large 
losses through decomposition. Finally, a homogeneous fraction, 
b. p. 168—170°/1 mm., was collected (10 g.) (Found: C, 54*8; 
H, 7*0. C 17 H 26 0 9 requires C, 54*6; H, 6*9%). Analysis does not 
determine whether the acetonediearboxylic ester has been con¬ 
verted into a mono-, di-, tri-, or tetra-substituted derivative, so the 
ester was hydrolysed by boiling dilute sulphuric acid: acetonedi- 
acetic acid, m. p. 142—143° (Volhard, Annalen , 1889, 253, 212) was 
readily isolated (Found: C, 48*1; H, 6*0. Calc, for C 7 H 10 O 5 : 
C, 48*3; H, 5*7%). 

Ethyl <x$$'-Tricarbethoxyisobutyrylsuccinate (VIII).—This sub¬ 
stance was obtained from molecular proportions of the foregoing 
ester (24*7 g.), ethyl bromoacetate, and sodium ethoxide in alcoholic 
solution. The yield of pure product, b. p. 189—191°/1 mm., was 
17 g. (Found: C, 54*8; H, 7*0. C 21 H 32 O n requires C, 54*8; 
H, 6*9%). This would correspond to a 56% yield of the mono- 
substituted derivative, or a 47% yield of the disubstituted 
derivative. In view of the amount of recovered material of lower 
and higher b. p. (10 g. containing at least 2 g. of ethyl bromoacetate) 
and of the fact that the maximum theoretical yield of disubstituted 
derivative was 50%, a 47% yield of disubstituted derivative is 
impossible. The polybasic acid obtained by hydrolysing this ester 
could not be crystallised. 

The University, Manchester. [Received^ July 18£A, 1927.] 
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CCCXXII .—The Relative Directive Powers of Groups of 
the Forms RO and RR'N in Aromatic Substitution . 
Part VII . The Nitration of Benzphenetidide and 

of o, m- ? and -p-Nitrobenzphenetidides. 

By Reginald C. Fawcett and Robert Robinson. 

In considering the factors governing the relative ease of occurrence 
of electronic changes, such as those involved in conjugated polaris¬ 
ation, originated or permitted by different atoms, Kermack and 
Robinson (J., 1922, 121, 427) suggested two guiding principles: 
(a) that the free electrons in the outer shells are the less active the 
greater their number; and (b) that the activity of free electrons 
diminishes with increasing atomic weight of the element. Obviously 
such rules may apply only approximately, and there are alternative 
ways of stating them, but they serve to correlate experimental 
results in several fields and give such sequences as NMe 2 >SMe> 
OMe>I>Cl>F for the proton avidity (strength of bases) in the 
compounds HX and for the effectiveness of the groups in crotenoid 
systems, and hence for their directive powers in aromatic sub¬ 
stitutions of certain types (compare Chem. and Ind 1925, 44, 684). 
The effects of charges, as in the phenoxide and phenylammonium 
ions, may reverse the order in the series, and this is also true of the 
effects of substituents which may induce displacements of electrons 
equivalent to charges. Thus, although the order N>0 in aromatic 
substitution (kationoid reagent, crotenoid system) is theoretically 
inevitable and justified by everyday laboratory experience so long 
as we compare neutral, tervalent nitrogen with neutral, bivalent 
oxygen, yet the application of theory becomes ambiguous when we 
pass to the comparison of such groups as *3SrR*C0R and *OR. 
Experiment shows that the directive powers of the nitrogenous 
group can be regulated over a wide range; thus Reverdin (Ber., 
1896, 29, 2595) and Hinsberg (Annalen, 1896, 292, 249) found that 
the nitration of acet-p-anisidide gave acet-3-nitro-p-anisidide, estab¬ 
lishing beyond question that the directive power of *NHAc is much 
greater than that of OMe. Reverdin and During (Ber. 9 1899, 32, 
164) further showed that acet-o-phenetidide is changed by nitric 
acid (41° Beaum4) into its 5-nitro-derivative, although 4-nitro-o- 
phenetidine is obtained by the nitration of o-phenetidine in sul¬ 
phuric acid solution. Similarly the nitration of acet-o-anisidide was 
found to give chiefly the 5-nitro-derivative (Miihihauser, Annalen , 
1881, 207, 242; Meldola, Woolcott, and Wray, J., 1896, 69, 1330; 
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Vermeulen, Bee. tmv. chim ., 1905, 25, 12). This has been recently 
confirmed by Ingold and Ingold (J., 1926, 1310), whose work sug¬ 
gests that owing to the formation of small, undetermined amounts 
of by-products, the nitration of acet-o-anisidide is not a reaction that 
is suitable for exact quantitative study. On the other hand, Brady, 
Quick, and Welling (J., 1925, 127, 2264) found that the nitration 
of succin-p-tolil gave as much as 84% of iV'-2-nitro-p-tolylsuccinimide, 
showing that the group *N(CO) 2 (CH 2 ) 2 , although itself almost exclus¬ 
ively ^-directive, is far weaker than methyl in directive power. An 
explanation, on an electronic basis, of the diminished directive 
power of nitrogen in such neutralised systems (N*CO, etc.) has been 
already advanced (Robinson, Chen . and Ind., 1925, 44, 18, 456; 
Ray and Robinson, J., 1925, 127, 1618; Part IV, J., 1926, 404; 
Part V, ibid ., p. 411) and may be summarised in the statement that 
the carbonyl group competes with the aromatic nucleus for the free 
electrons of the nitrogen octet. 

The present investigation is the first of a series in which it is hoped 
to study the effect of the substituents (R, R') on the directive power 
of the group R*CO\NR'. In the cases discussed below, R' is H and 
R is Ph or o -, m-, or p-NO^CgE^. The circumstance that R' is H 
involves the possibility of incipient ionisation increasing the directive 
power or of actual removal of a proton in one of the later phases of 
the reaction, with the same apparent result. These occurrences 
should, however, be the more facile the stronger the acid R*C0 2 H, 
so they would not influence the directive powers in the sense actually 
observed, and if taken into account the effects would appear 
enhanced. The method adopted was to put the groups in turn in 
competition with ethoxyl, and the reaction examined has been the 
nitration of the benz-p-phenetidides in acetic acid solution at about 
0°. Reverdin (Ber., 1911, 44, 2362) has already studied the nitra¬ 
tion of benz-p-anisidide and of the isomeric nitrobenz-p-anisidides : 
in each case, the nitrobenzamido-groups were found to be much 
more powerfully directive than methoxyl, but nothing more than 
approximately quantitative results were sought. In the present 
series of experiments, the products were obtained in almost theo¬ 
retical yield, and thermal analysis showed them to behave as binary 
mixtures that could contain only traces of other substances. In 
the case of benz-p-phenetidide, the nitration was carried out under 
two sets of conditions; in the first, nitric acid (2*5 mols.) was 
gradually added to the phenetidide in acetic acid, and in the second 
the phenetidide was added to nitric acid (12 mols.) and acetic acid. 
Thus not only was more acid used in the latter case, but also it was 
present from the beginning of the operation. The results are 
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exhibited in the annexed scheme, in which the figures show the 
proportions in which the nitro-derivatives were formed. 


OEt 


2*5 Mols. HNOg 



The stronger acid medium has the effect of depressing the directive 
power of the benzamido-group, and this is clearly due to salt form¬ 
ation and is in harmony with previous experience (compare, e.g ., 
Noelting and Collin, Ber., 1884, 17, 261; Hollemann, Hartogs, and 
van der Linden, Ber ., 1911, 44, 704). The nitrobenz-p-phenetidides 
were nitrated under the second set of conditions (12 mols. HN0 3 ), 
and as all analogies indicate that these amides should be weaker 
bases than benz-y>-phenetidide, the effect of the medium may be 
expected to be relatively small. The results are expressed graphic¬ 
ally thus : 


OEt OEt OEt 



In all three cases, nitration could not be accomplished under the 
conditions (2-5 mols. HNO s ) that sufficed for the quantitative 
transformation of benz-p-phenetidide, and therefore the general 
electrical effect of the nitroxyl group makes itself felt over the whole 
molecule. The figures show, however, that the directive power of 
the benzamido-group has been diminished to the greater relative 
extent; the appropriate theory on an electronic basis is repre¬ 
sented in the case of the m-nitrobenzamido-group by the scheme 



in which (a) is the directive process and (b) is the counteracting 
general electronic displacement. The effect (b) should be more 
powerful in the o- than in the m-nitrobenzoyl derivative, and it 
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should be weakest in the 33 -isomeride. The former deduction is in 
agreement and the latter in disagreement with the results, which, 
therefore, suggest that a mechanism exists that enables the more 
distant group to be the more effective. Such a mechanism may be 
conjugative (A) or inductive (B) in Kekule, Dewar, or Claus 
structures (the last two being regarded as highly improbable and 
included merely for the sake of completeness), and will also con¬ 
tribute to the enhancement of the effect of an o-situated nitroxyl 
group. In either case, m- and p-situated nitroxyls induce positive 



charges at x and y , respectively (C). In (A) (p), the conjugation is 
crotonoid and in (A) (a) it is butadienoid and initiated by the general 
®ect of the nitroxyl; this process is almost indistinguishable from 
that shown in (B) (I). Oxford and Robinson (Part II, J., 1926, 
383) found that the directive powers of the m- and p-nitrobenzyloxy- 
groups were identical, and the contrast with the results obtained in 
the present investigation is probably due to the fact that in the 
benzamido-compounds there is an unbroken sequence of unsaturated 
atoms, and the point (C of CO), where the effect can theoretically 
operate so as to influence the directive power of the group, is nearer 
to the nitrophenyl group than is the corresponding point (0 of 
ArO'CH 2 ) in the nitrobenzyloxy-compounds. We have examined 
, mathematically the question as to whether a direct general effect of 
the dipole, NO, could give the sequence o>p>m, on the theory 
that in its average position in space a line can be drawn through the 
centre of the hexagon (benzene ring) and the nitrogen and oxygen 
atoms. On this stereochemical basis, the disparity between the 
anticipated effects from the m- and p-positions is reduced by reason 
of the oblique orientation of the dipole couple in the m-position, but 
on every probable assumption in regard to the relative distances 
(nuclear C to N, N to 0, nuclear C to a point X, where the effect is 
operative across the intervening space to the couple N 0 ) we find 
o>m>“p for the resultant field (at X in the direction of the centre of 
the nucleus) of the dipole. Taking dynamic conditions into con¬ 
sideration, e.g. } free revolution of the nitroxyl group and other 
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ambiguities, it cannot yet be concluded, however, that an explan¬ 
ation of the order o>p>m is impossible on purely stereochemical 
lines. It is proposed to extend the investigation with the help of 
an experimental model. 

Finally, a point raised by Orton and Bradfield (this vol., p. 986) in 
connexion with the directive power of the benzamido-group may be 
mentioned. These authors have found that the velocity of chlorin¬ 
ation of benzanilide exceeds that of acetanilide, which indicates that 
the directive power of benzamido- is greater than that of acetamido-. 
(In passing, it may be remarked that Brady, Quick, and Welling, loc. 
cit ., found that phthalimido- had a somewhat greater directive 
power than succinimido-, providing further evidence in the same 
direction.) The inconsistency of this result on our electronic basis 
with the fact that benzoic acid is stronger than acetic acid was 
commented on. Kermack and Robinson (loc. cit.) suggested, how¬ 
ever, that the aromatic nucleus is a resonator, being either key¬ 
negative or key-positive, according to circumstances. It should be 
regarded as subservient, in a measure, to the needs of other groups, 
and ready in some phases to supply electrons, in others to accept 
them. A further generally applicable conception is that when phases 
leading to activation and phases leading to inhibition of some 
particular process or reaction alternate, then the activation phasdt 
assume by far the greater importance in producing the observed 
results. In benzoyl derivatives, there will be phases in which the 
electron density in the neighbourhood of the carbonyl group is 
increased (retardation of ionisation of benzoic acid, but acceler¬ 
ation of substitution in benzanilide), and other phases in which it is 
relatively decreased (acceleration of ionisation of benzoic acid, but 
retardation of substitution in benzanilide). 

Experimental. 

2-Nitro-4-aminophenetole sulphate was obtained in 50% yield 
by Reverdin’s method (Helv. Chim. Acta , 1927, 10, 3). 3-Nitro-4- 
aminophenetole was prepared from phenacetin (40 g.) by the 
method described in D.R.-PP. 99338 and 38322; the yield of 
product, m. p. 112*7—113-2°, was 37*5 g. 

2- N itroA-benzamidophenetole, (A).—2 - Nitro - 4 - aminophenetole 
sulphate (10 g.) was added to pyridine (200 e.c.), and benzoyl 
chloride (10 g.) gradually introduced with vigorous shaking. After 
1 hour water was slowly added and the precipitated solid was col¬ 
lected ; it crystallised from methyl alcohol (charcoal) in flat, yellow 
needles, m. p. 149—150° (Found : C, 62*8; H, 5*0. C 15 H 14 0 4 N 2 
requires C, 62*9; H, 4*9%). 

3- Nitro-4:-benmmidopherietole } (B).—3-Nitro-4-aminophenetole (10 



TOWERS OR GROUPS OP THE PORMS RO AND RR'n, ETC. 2419 


g.) was similarly benzoylated by means of benzoyl chloride (15 g.) in 
pyridine (150 c.c.); the product crystallised from alcohol (charcoal) 
in tufts of slender, orange needles, m. p. 121*5—122° (Found: C, 
63*0; H, 5*1%). 

Mixtures of the Isomerides (A) and (B).—The freezing points were 
determined with the usual precautions, first approximately and then 
more accurately, the outer bath being kept at such a temperature as 
to maintain the tube containing the material at 1—2° below the 
freezing point. The mixture was then heated to 15—20° aboye the 
m. p. and allowed to cool after the tube was replaced in the air- 
jacket. Vigorous stirring was practised at 1—2° above the f. p., 
and slower but steady stirring in the neighbourhood of the f. p. 
Several concordant results were obtained for each mixture, and all 
values were rejected when the degree of supercooling exceeded 
0*5—1°. All the graphs constructed were smooth, two-branched 
curves. 

The following f. p.’s were determined : 

By adding (A) to (B). 


% (B) .... 
F- P. 

... 100*0 

... 120*2° 

95-1 89-8 84-3 

118-2° 116-2° 114-2° 

78*1 

111*95° 

72*4 

109*6° 

64*8 

106*2° 

t» 

% (B). 

F. p. 

. 41*7 

. 124*5° 

By adding (B) to (A). 

35*4 33*6 26-5 20*5 

128*1° 129*1° 134*2° 137*4' 

13*5 

3 141*1° 

6-4 

144-8° 

0*0 

147*75‘ 


Nitration of Benz-p-phenetidide. —Benz -p -phenetidide, prepared 
by the Schotten-Baumann method, crystallised from alcohol in 
glistening, white laminae, m. p. 174*5—175°. 

(1) Nitration with 2*5 mols. of nitric acid . A mixture of boiled 
nitric acid (d 1*41; 5 c.c.) and pure acetic acid (12*5 c.c.) was added 
in the course of f hour to benz-p-phenetidide (5 g.) suspended in acetic 
acid (125 c.c.), the vessel being surrounded by melting ice. The 
highest temperature recorded was 3°. After 1*5 hours, the product 
was precipitated by water, collected, washed, and dried (5*85 g. or 
98*7%) (Found: C, 62*6; H, 4*9. Calc.: C, 62*9; E, 4*9%). 
This material had f. p. 117*3°, corresponding, from the graph, with 
a mixture (a) containing 92*5% of the isomeride (B), or to a second 
composition excluded by the confirmatory tests. A mixture of the 
nitration product (0*8222 g.) and (A) (0*1315 g.) should therefore 
contain 79*75%. of (B) : actually, it had f. p. 112*5°, corresponding 
with 79*8% of (B). The further addition of (A) (1*1502 g.) to this 
mixture gave a product of f. p. 128*0°, corresponding to 36*5% of 
(B) [Calc, from («): 36*1% of (B)]. 

(2) Nitration with 12 mols. of nitric acid . Benz-p-phenetidide 
(2 g.) was added to a mixture of boiled nitric acid (10 c.c., d 141) and 
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acetic acid (40 c.c.) cooled in melting ice; after 10 minutes’ stirring, 
water (400 c.c.) was added, stirring continued for 15 minutes, and the 
product isolated (2-35 g., or 99-0%) (Found: C, 63-0; H, 5*0%;. 
The following results were obtained on thermal analysis. 


Composition, % (B): 


Mixture 
taken, g. 

Isomeride 
added, g. 

F. p. 

From graph. Calc, from (6). 

1*1836 

_ 

115-2° 

87 (6) _ 

1*1836 

1*2481 (B) 

117-7 

93*2 

93*3 

0-3823 

0-8056 (A) 

132-6 

28*5 

28-0 


2-Nitro-4:-o-nitrobenzamidophenetole , (C), prepared by the pyridine 
method, crystallised from methyl alcohol (charcoal) in pale yellowish- 
green, nacreous plates, m. p. 165—166° (Found : C, 54*5; H, 4*1; 
N, 12*9. C 15 H 13 0 6 N 3 requires C, 54*4; H, 3-9; N, 12*7%). On 
exposure to light the crystals become pink. 3-Nitro-i-o-nitro- 
benzamidophenetole , (D), obtained similarly in 70% yield, crystal¬ 
lised from methyl alcohol (charcoal) in colourless, prismatic needles, 
m. p. 131—131*5° (Found : C, 54*2; H, 4*0%). 

Mixtures of the Isomer ides (C) and (D).— 


By adding (C) to (D). 


% P) .... 
3?-P. 

... 100-0 
... 129-7° 

94-5 

126-7° 

87-05 

122-6° 

82-5 

119-9° 

76-1 

116-1° 

69*5 

112-6° 

63-8 

112-6' 



By adding (D) to (C). 



%P) .... 
F- P. 

40-4 
.. 138*2° 

32-9 

144-0° 

28-1 

146-9° 

22-3 

150-3° 

17-1 

153-8° 

5*4 

161-0° 

0-0 

164*3 C 


Nitration of o-Nitrobenz-p-phenetidide .—The phenetidide (11*8 g.) 
was derived from p-phenetidine (9 g.) and o-nitrobenzoyl chloride 
(12 g.) in pyridine (100 c.c.) solution; it crystallised from methyl 
alcohol (charcoal) in long, silky, white needles, m. p. 170—171° 
(Found : C, 62*9; H, 5T. C 15 H u 0 4 ]Sr 2 requires C, 62*9; H, 4*9%). 

o-Mtrobenz-p-phenetidide (2-25 g.) was added to a mixture of 
boiled nitric acid (10 c.c.; d 1*41) and acetic acid (40 c.c.), cooled in 
melting ice, and stirred for 1 hour; the temperature did not rise 
above 3°. The product was isolated (2*55 g., or 97*9%) (Found : 
C, 54*2; H, 4*0%). The f. p. of this material was in a neighbour¬ 
hood in which the determinations of f. p. were somewhat unsatis¬ 
factory. The nitration product (0*8397 g.) mixed with (D) (0*8366 g.) 
had f. p. 117*2°, corresponding with 78% # of (D), and hence the 
original product contained 56*1% of (D). The nitration product 
(0*3856 g.) mixed with (C) (0*3977 g.) had f. p. 147*2°, corresponding 
with 27*8% of (D), and hence had initially contained 56*5% of (D). 

2-Nitro-4:-m-nitrobenzamidophenetole , (E), obtained in the usual 
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manner, crystallised from ethyl acetate in matted, hair-like, lemon- 
yellow needles, m. p. 202—203° (Found : C, 54-4; H, 4*3. 
C 1B Hi 3 0 6 N 3 requires C, 54*4; H, 3-9%). The isomeric Z~nitro-4,~ 
m-nitrobenzamidophenetole, (F), crystallised from alcohol in long, 
silky, golden needles, m. p. 157*5—158° (Found: C, 54*3; H, 
4*0%). 

Mixtures of the Isomerides (E) and (F).— 

By adding (E) to (F). 

% (F) . 100*0 93*0 89*2 82*2 80*8 73*0 

F. p. 157*4° 153*7° 151*6° 147*9° 147*1° 143*0° 

By adding (F) to (E). 

% (F) 67*0 60*6 52*2 47*4 41*25 34*5 26*3 9*3 0*0 

F. p. 152*5° 161*6° 168*9° 172*4° 177*2° 182*4° 187*0° 197*2° 201*6° 

Nitration of m-Nitrobenz-p-phenetidide. —The ra-nitrobenzoyl- 
ation of p-phenetidine (5 g.) in pyridine solution gave the pheneti- 
dide, which crystallised from alcohol in pale yellow needles 
(7*2 g.), m. p. 163*5—164° (Found : C, 63*1; H, 4*7. C 15 H 14 0 4 N 2 
requires C, 62*9; H, 4*9%). The nitration (of 2 g.) was carried out 
like that of the o-nitrobenz-p-phenetidide and the yield was 2*30 g. 
(99*4%) (Found: C, 544; H, 4*0; N, 12*9. Calc. : C, 54*4; H, 
3*9; N, 12*7%). This crude product was stirred at 18° for 3 hours 
with methyl alcohol (40 c.c.), then collected, washed with methyl 
alcohol (10 c.c.), and dried (loss in weight in the process, 0*05 g.)* 
In order to determine whether this washing produced a change in 
composition, a mixture of (E) (1*0 g.) and (F) (1*0 g.) was treated 
in exactly the same manner; the recovered material (1*94 g.) had 
f. p. 170*5°, corresponding to 50% of (F), so the alcohol had dis¬ 
solved 0*03 g. of each isomeride. The washed nitration product had 
f. p. 146*0°, corresponding with 78*7% or 70*5% of (F). The 
nitration product (0*9583 g.) mixed with (F) (1*2589 g.) had f. p. 
150*4°, corresponding to 87*0% of (F), and hence the initial content 
of (F) was 70%. A mixture of the nitration product (0*6811 g.) and 
(E) (0*6904 g.) froze at 182*4°, corresponding to 34*5% of (F), and 
hence the original product contained 69*5% of (F). Taking the 
mean, 70*0% of (F), and correcting for the solubility in methyl 
alcohol, we find that the crude nitration product contained 69*4% 
of (F). 

2-Nitro-4c-ip-nitrobenzamidophenetole i (G), crystallised from alcohol 
in yellow needles, m. p. 208*5—209*5° (Found: C, 54*4; H, 3*9. 
C 15 H 13 0 6 N 3 requires C, 54*4; H, 3*9%). Z-NitroA-p+nitrobenz- 
amidophenetole , (H), crystallised from alcohol in flat, glistening, 
orange needles, m. p. 183*5—184*5° (Found : C, 54*5; H, 4*1%). 

' 4N 
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Mixtures of the Isomerides (G) and (H).— 





By 

adding 

(G) to 

(H). 




% 

(H) .... 

100*0 

95*5 

S9-9 

82*3 

74*3 

69*3 

62*7 

58*1 

F. 

P. 

183*4° 

181*2° 

178-8° 

175-3° 

171*4° 

169*0° 

165-2° 

ca. 167° 




By 

adding 

(H) to (G). 




% 

(H) .... 

.. 35*8 

28*9 

23*1 

18*9 

11*9 

9*4 

5-5 

0*0 

F, 

P . 

.. 185*9° 

190*4° 

194*0° 

196*0° 

200*2° 

201*6° 

203-9° 

207*2° 


Nitration of ip-Nitrobenz-ip-phenetidide. —The phenetidide crystal¬ 
lised from methyl alcohol in flat, pale yellow needles, m. p. 189— 
190° (Found: C, 63*0; H, 4*9. C 15 H 14 0 4 N 2 requires C, 62*9; 
H, 4*9%). p-Nitrobenz-p-phenetidide (4 g.) was nitrated at 0° 
during 1 hour by means of a mixture of boiled nitric acid (20 c.c.; 
d 1*41) and acetic acid (80 c.c.). The product (yield, 99*6%) (Found : 
C, 54*4; H, 3*9; N, 13*0. Calc. : C, 54*4; H, 3*9; N, 12*7%) was 
washed with methyl alcohol, exactly as described above for the 
m-nitrobenznitrophenetidides, and 2*31 g. gave 2*20 g. of the dried, 
washed material A mixture of (G) (1*0 g.) and (H) (1*0 g.) was 
washed in the standard manner and gave 1*90 g. of material, f. p. 
174*5°, corresponding to 49*0% of (H); hence the methyl alcohol 
dissolved 0*03 g. of (G) and 0*07 g. of (H). The following results 
were obtained on analysis of the washed nitration product. 

Composition, % (H): 

From graph. Calc, from (c). 
68*5 (c) — 

72*1 72*0 

36*7 35*8 

After correction for the methyl alcohol washing, the crude nitration 
product is found to have contained 66*8% of (H). 

Attempts were made to carry out a series of nitrations of the 
nitrobenzphenetidides in 60% aqueous nitric acid, but, owing to 
the fact that the nitro-derivatives covered the surface of the crystals, 
quantitative mono-nitration could not be secured. 

We are indebted to the Department of Scientific and Industrial 
Research for grants which enabled one of us to take part in the 
investigation. 

The University, Manchester. 


Mixture Isomeride 

taken, g. added, g. F. p. 

1*0005 — 168*3° 

1*0005 0*1249 (H) 170*2 

0*9310 0*8504 (G) 185*3 


[Received, August 2Zrd, 1927.] 
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CCCXXIII.— Some Sulphur Derivatives of Substituted 
Benzaldehydes . 

By Herbert Henry Hodgson and Herbert Greensmith Beard. 

Previous work on the mercaptobenzaldehydes appears to be 
limited to that of Friedlander and Lenk (. Ber ., 1912, 45, 2083), 
who prepared the o- and ^-mercaptans and o- and ^-thioethers of 
benzaldehyde itself. The present paper records the preparation 
of several substituted benzaldehydes containing sulphur, some of 
which exhibit remarkable properties. 

The dioxime of 3 : 3 '-dinitrodibenzaldehyde 4 : 4' -disulphide is a 
very stable yellow product which, unlike the corresponding 6 :6'- 
disulphide dioxime , is converted by cold aqueous sodium hydroxide 
into what appears to be an isomeride of deeper shade, melting 30° 
lower, and decomposing with violence when heated rapidly, thereby 
resembling the second dioxime above. The conversion is accom¬ 
panied by a gradual and remarkable series of colour changes. 

Amino-derivatives of the benzaldehyde thioethers proved to be 
unstable, thus resembling the simple aminobenzaldehydes, although 
their solutions in acids may be diazotised normally. 

The p -nitrophenylhydrazones of Z-chloroA- and -6 -methylthiol- 
benzaldehyde were scarlet and orange, respectively, and gave bluish- 
purple and reddish-purple colorations with alkaline hydroxides, 
thus showing the much more pronounced bathochromic effect of the 
methylthiol group when para than when ortho to the hydrazine group 
(compare the azo-group, Hodgson and Handley, J., 1926, 542). 

Bromine displaces the methylthiol group from Z-amino-6-methyl- 
thiolbenzaldoxime , forming 2:4:5: Q-tetrabromo-Z-aminobenzald- 
oxime , but it decomposes the 4-methylthiol isomeride. 

Experimental. 

3 : -Dinitrodibenzaldehyde 6 : 6' -Disulphide. —This was prepared 
by gradually adding aqueous sodium disulphide (crystallised sodium 
sulphide, 48 g.; sulphur, 6 g.; water, 120 c.c.) to a solution in 
alcohol (300 c.c.) of 6-chloro-3-nitrobenzaldehyde (64 g.), and 
boiling for 2 hours; the disulphide separated quantitatively as 
a microcrystalline orange-brown powder, m. p. 230—234° (Found : 
N, 7*5; S, 20-5. C 14 H 8 0 6 lSr 2 S 2 requires N, 7*7; S, 17*6%); yield, 

60 g. By extracting the crude product (10 g.) with boiling glacial 
acetic acid (two portions of 100 c.c.) its m. p. could be raised to 
257° (8 g.) (Found: N, 7*5; S, 17*6%), and the first extract 
deposited on cooling a mixture of two kinds of crystals (0*7 g.) which 
were mechanically separated and proved to be sulphur and 4; 
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substance of m. p. 220°; this appears to be a mixture containing 
mainly the monosulphide (round: N, 8-5; S, 12-2. Calc.: N, 
84; S, 9-6%). Tbe second extract also deposited this product, 
m. p. 220°. The first extract on dilution with water gave a pale 
straw-coloured substance (0*7 g.), m. p. 207—210° (Found : N, 8*0; 
S, 14*6%), probably impure monosulphide. 

Dioxime . The disulphide (3*5 g.), suspended in alcohol (60 c.c.), 
was boiled under reflux for 1 hour during the gradual addition of 
a solution of hydroxylamine hydrochloride (1*6 g.) and sodium 
acetate (2*6 g.) in water (5 c.c.)—longer boiling produced an inferior 
product. The hot mixture was filtered, the residue extracted with 
hot alcohol, and the extract added to the filtrate. The dioxime 
separates from alcohol as a straw-coloured microcrystalline powder 
wddch does not melt but decomposes violently between 140° and 
160° (yield, 50%) (Found: N, 14*0; S, 16*5. C 14 H 10 0 6 N 4 S 2 
requires N, 14*2; S, 16*2%); it is insoluble in ether, but moderately 
soluble in acetic acid. 

Di-^-nitrophenylhijdrazone . The disulphide (0*36 g.), dissolved 
in hot glacial acetic acid (100 c.c.), was treated at 50—60° with a 
solution of ^-nitrophenylhydrazine (0*36 g.) in glacial acetic acid 
(5 c.c.); the hydrazone was deposited very gradually, although 
quantitatively, as red micro-needles, m. p. 283—284° (decomp.) 
(Found: S, 9*8. C 26 H 18 0 8 N 8 S 2 requires S, 10*1%). Alkalis give 
an immediate reddish-purple colour. 

3 : 3'-Dinitrodibenzaldehyde 4 : 4' -Disulphide. —This is prepared 
almost quantitatively as above from 4-chloro-3-nitrobenzaldehyde. 
The crude product is practically pure (m. p. 228—232°), and 
crystallises from glacial acetic acid in bright yellow needles, m. p. 
237—238° (Found: 1ST, 7*8; S, 17*7. C 14 H 8 0 6 N 2 S 2 requires N, 
7-7 ;8, 17*6%). 

Dioxime . Oximation as described above was complete in 15 
minutes, as shown by the entire solubility of the product in aqueous 
sodium hydroxide* It is very sparingly soluble in all the usual 
solvents and crystallises from glacial acetic acid in fine, yellow 
needles, m. p. 260—261° (Found : N, 14*1; S, 16*3. C 14 H 10 O 6 N 4 S 2 
requires N, 14*2; S, 16*2%). 

Behaviour towards Aqueous Sodium Hydroxide. —The yellow 
solution of this dioxime in cold aqueous sodium hydroxide under¬ 
goes the following sequence of colour changes during 15—30 
minutes: yellow, yellowish-green, olive-green, deep green, reddish- 
green, red. When the alkali is added to a hot aqueous suspension 
of the dioxime, the initial deep green colour rapidly turns to red. 
On acidification of the red solution with acetic or hydrochloric acid, 
a substance is precipitated (? isomeric dioxime) which possesses a 
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deeper yellow colour than the original and is more soluble in acetic 
acid, acetone, or methyl or ethyl alcohol. This product separates 
from alcohol in crystalline clusters, m. p. 230—232° (decomp.; 
shrinking at 160—170°) (Found : N, 14-0; S, 15-9. C 14 H 10 O 6 N 4 S 2 
requires N, 14*2; S, 16-2%). The change at 160—170° increases in 
violence with the rate of heating, and becomes explosive if the 
m.-p. tube is plunged in a bath.at 170°. Probably this more labile 
substance is in a similar physical state to the dioxime of 3: 3'-di- 
nitrodibenzaldehyde 6 : 6'-disulphide above. 

Di-p-nitrophenylhydrazone. This may be prepared as above, 
except that the disulphide is dissolved in only 30 c.c. of glacial acetic 
acid. The product separates immediately as a fine, orange-red, 
microcrystalline powder, m. p. 305—310° (decomp.) (Found: 
S, 10*0. C 26 H 18 0 8 N 8 S 2 requires S, 10*1%); it gives a claret colour 
with alkalis. 

Preparation of Thioethers from the Disulphides, 

3-Nitro-6-methylthiolbenzaldehyde .—The corresponding disulphide 
(10 g., m. p. 257°), suspended in alcohol (50 c.c.), was treated 
gradually with a solution of sodium hydroxide (12 g.) and crystal¬ 
lised sodium sulphide (5 g.) in water (60 c.c.). Dissolution rapidly 
ensued with rise of temperature, and after the dark red mixture 
had been kept at 50—60° for 15 minutes, it was cooled, diluted with 
water (100 c.c.), and vigorously stirred with methyl sulphate (10 c.c.). 
The granular product (8*8 g.) was extracted with hot 60% acetic 
acid and left a very sparingly soluble product (this contained 
an aldehyde group, but has not been identified). The %-nitro- 
Q~methylthiolbenzaldehyde was precipitated by dilution of the acetic 
acid extract, and on recrystallisation from this acid it separated in 
pale straw-coloured needles, m. p. 159—160° (Found: 1ST, 7*2; 
S, 16*3. C 8 H 7 0 3 NS requires N, 7*1; S, 16*2%). The by-product 
was always obtained in spite of many attempts to prevent its 
formation under different conditions; its production was minimised 
by the vigorous agitation. 

The oxime crystallises from alcohol in colourless needles, m. p. 
187° (Found: N, 13*4; S, 15*2. C s H s 0 3 N 2 S requires N, 13*2; 
S, 15*1%), and forms a pale yellow, sparingly soluble sodium salt. 
The p -nitrophenylhydrazone crystallises from glacial acetic acid 
in reddish-orange needles, m. p. 250—252° (Found: S, 9*8. 
Ci 4 Hi 2 0 4 N 4 S requires S, 9*6%), and gives a claret colour with 
alkalis. 

3 - Nitro - 4 - methylthiolbenzaldehyde. —When 3:3'- dinitrodibenz- 
aldehyde 4 : 4'-disulphide is reduced by the above procedure, it is 
essential that the time and temperature of reduction he ri^dly 
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adhered to; methylation then gives a bright yellow, flocculent 
precipitate, which is very difficult to filter off and dry; dilution of 
the reaction mixture with three times its volume of water, however, 
facilitates the filtration (yield, 92%). Extraction with 60% acetic 
acid leaves almost pure 3- nitroA-methylthiolbenzaldehyde, which 
crystallises from dilute acetic acid in yellow plates, m. p. 141— 
142° (Found: N, 7-3; S, 16*0. C s H 7 0 3 ]STS requires N, 7-1; S, 
16-2%). 

The acetic acid extract contained in addition to the above product 
a non-aldehydic substance which was separated by oximation as 
follows : The crude product (10 g.),-suspended in alcohol (60 e.c.), 
was boiled for 2 hours under reflux with a solution of hydroxylamine 
hydrochloride (3*5 g.) and sodium acetate (6 g.) in water (5 c.c.); 
the mixture was diluted with water (100 c.c.), made alkaline with 
sodium hydroxide, and heated to 50°, whereby about 70% dissolved. 
On acidification of the filtered solution, Z-iiitroA-methylthiolbenz- 
aldoxime was precipitated; it crystallised from alcohol in yellow 
needles, m. p. 210° (Found : N, 13-5; S, 15*2. C 8 H 8 0 3 N 2 S requires 
N, 13*3; S, 15*1%). This product was totally insoluble in water, 
only sparingly soluble in the usual solvents, and formed an orange 
sodium salt which gave a red solution in water. S-NitroA-methyl- 
tMolbenzaldehyde’-p-nitrophenylhydrazone crystallises from glacial 
acetic acid as an orange, microcrystalline powder, m. p. 294—296° 
(deeomp.) (Found: S, 9*7. C 14 H 12 0 4 N 4 S requires S, 9*6%), and 
gives a claret colour with alkalis. 

S-NitrosoA-methylthiolbenzyl Alcohol (?).—The residue (3 g.) from 
the foregoing oximation separation crystallises from hot water in 
orange-yellow needles, m. p. 127°, and is moderately soluble in the 
usual solvents. The colours given with concentrated sulphuric acid 
and alcoholic potassium hydroxide are light cherry-red and deep 
reddish-orange, respectively, in contrast to the deep red and pale 
yellow given by 3-nitro-4-methylthiolbenzaldehyde. The product 
forms neither an oxime nor a p-nitrophenylhydrazone; it does 
not respond to Liebermann’s nitrosoamine reaction, but when 
heated with hydriodic acid (d 1-7) it gives methyl iodide and a 
mercaptan. Further, it only gradually gives a silver mirror when 
warmed with ammoniaeal silver nitrate, and is, in general, a less 
active reducing agent than the above thioether (Found: C, 52*2, 
52*3, 52*3; H, 5*31, 5-26, 5-25; N, 7*72, 7*76, 7*7; S, 17*3, 17*3, 
17*4; if, cryoscopie in naphthalene, 182, 182. C 8 B*0 2 NS requires 
,52*4; H, 4*9; N, 7*65; S, 17*4%; M, 183). On reduction with 
itanous sulphate, only 3 atoms of hydrogen were used, but 3-nitro- 
-methylthiolbenzaldehyde consumed only 5 atoms instead of the 
anticipated 6. The data agree with those required for 3-nitroso- 
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4-methylthiolbenzyl alcohol, but this constitution is only tentatively 
adopted. 

Reduction of the Nitrobenzaldehyde Thioethers and Preparation 
of the Chlorobenzaldehyde Thioethers .—The thioether (5 g.), suspended 
in water (80 c.c.), was reduced by adding sodium hyposulphite (18 g.) 
all at once (about 1 g. of an insoluble complex by-product was invari¬ 
ably formed). The resulting aminobenzaldehyde thioether could be 
precipitated by alkalis, but was almost unfilterable and resinified 
rapidly on keeping (compare m-aminobenzaldehyde); the reaction 
mixture was therefore acidified at 0—10° with hydrochloric acid, 
diazotised by solid nitrite (12 g.), and decomposed in the usual way 
with cuprous chloride, the chloro-compound being removed by 
distillation with steam. 

3-Chloro-ft-methylthiolbenzaldehyde is readily soluble in the usual 
solvents and crystallises from alcohol in colourless cubes, m. p. 65° 
(Found: Cl, 19*1. C 8 H 7 0C1S requires Cl, 19*0%); yield, 1-6 g. 
Its oxime crystallises from alcohol in colourless needles, m. p. 114° 
(Found: Cl, 17*5. C 8 H 8 0NC1S requires Cl, 17*6%), .and its 
p -nitrophenylhydrazone from glacial acetic acid in orange needles, 
m. p. 246°, giving a reddish-purple colour with alkalis. 

Z-CMoroA-methylthiolbenzaldehyde was obtained in much smaller 
yield than its isomeride, and was not so readily volatile in steam. 
It is soluble in the usual solvents and crystallises from alcohol in 
colourless needles, m. p. 58—59° (Found: Cl, 18*9%). Its oxime 
crystallises from alcohol in colourless needles, m. p. 134° (Found: 
Cl, 17*6%), and the p -nitrophenylhydrazone from glacial acetic acid in 
scarlet micro-needles, m. p. 222—223°, which give a bluish-purple 
colour with alkalis. 

Reduction of the Oximes of Z-Nitro-4and -%-methylthiolbenz- 
aldehyde. —The oxime (2 g.), dissolved in 20% aqueous sodium 
hydroxide (4 c.c.), was added to a boiling solution of ferrous sulphate 
(18 g.; crystallised) in water (100 c.c.); ammonia was added 
periodically and the boiling continued for 1 hour. The hot mixture 
was filtered, and the aminomethylthiolbenzaldoxime separated 
in colourless needles on cooling; yield, 80%. 

Z-Amino-§-methylthiolbenzaldoxime , m. p. 140° (Found: NT, 15*5. 
C 8 H 10 ON 2 S requires N, 15*4%), was treated with bromine water in 
hydrochloric acid solution at 0°, whereupon 2:4:5: 6 4etrabromo- 
%-aminobenzaldoxime was formed; it crystallised in colourless 
needles, m. p. 202—203° (Found : Br, 70*0. C 7 H 4 01Sr 2 Br 4 requires 
Br, 70*8%), from glacial acetic acid. This product contains no 
sulphur, is soluble in alkalis, and diazotises in concentrated sulphuric 
acid solution; the diluted diazo-solution couples with alkaline 
p-naphthol. 
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3 -AminoA-methyltMolbenzaldoxime, m. p. 100° (Found: N, 15*3%), 
is decomposed by bromine into a tarry complex substance insoluble 
in alkalis. 

Analytical Note .—Estimations of sulphur by the Carius method 
in products containing the methylthiol group were without exception 
too low, but the oxidation method with sodium peroxide proved 
satisfactory. 

The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (H. G. B.), and Messrs. 
J. W. Leitch and Co. and the British Dyestuffs Corporation for 
gifts of chemicals. 

Technical College, Huddersfield. [Received, April 14th, 1927. 
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CCCXXIV .—The Ring Structure in Normal Galactose. 
Oxidation of Tetrameihyl h-Galactonolactone. 

By Walter Hodman Haworth, Edmund Langley Hirst, and 
David Idris Jones. 

The form of galactose present in a- and p-methylgalactosides, 
lactose, raffinose, and melibiose is recognisable as the form which 
appears in crystalline tetramethyl galactose (Haworth and Long, 
this vol., p. 544; Charlton, Haworth, and Hickinbottom, ibid., 
p. 1527; compare Schlubach and Moog, Ber., 1923,56, 1957). This 
compound is readily characterised by its physical properties and by 
its crystalline anilide. Its oxidation to tetramethyl S-galactono- 
lactone has also been described (Haworth, Ruell, and Westgarth, 
J., 1924, 125, 2468). In the present series of experiments, this 
lactone has again been examined and the characteristic crystalline 
phenyUiydrazide (m. p. 135—137°) of the corresponding tetramethyl 
galactonic acid has been prepared. From the latter compound the 
lactone can readily be regenerated and the purified product obtained 
in this way has properties which are indistinguishable from those 
previously recorded. The oxidation of this lactone was conducted 
with nitric acid (d 1*42), and from this treatment a liquid product 
resulted which was isolated in the form of the methyl ester. That 
this consisted almost entirely of methyl Z-arabotrimethoxyglutarate 
was shown by its conversion into the crystalline amide and methyl- 
amide. The degradative oxidation of the original sugar was thus 
carried out in two stages, involving first the oxidation to the lactone 
by bromine water, and secondly its conversion into a dibasic acid; 
and this mode of procedure in stages possesses the distinct advantage 
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that the final product is essentially homogeneous, whereas this is not 
the case when the sugar is oxidised direct with nitric acid (compare 
Hirst, J., 1926, 350). Only a trace of <£-dimethoxysuccinio acid, 
which was isolated as the diamide, was found to be present in the 
oxidation product. The absence of any trace of tetramethoxymucic 
acid excludes the possibility of a 1:6-oxide linking. The Z-arabo- 
trimethoxyglutaramide was recognised by its rotation [a] D + 50° 
in water, and by its decomposition on heating at 230°. Direct 
comparison with an authentic specimen prepared from arabinose 
(Hirst and Robertson, J., 1925, 127, 358) indicated its identity. 
When the ester was treated with methylamine in methyl-alcoholic 
solution, the crystalline l-arabotrimethoxyglutaromethylamide (III) 
separated as needles, m. p. 173°; [a]}f + 59*9°. Comparison with 
an authentic specimen prepared by an alternative method, viz.> 
from pure methyl Z-arabotrimethoxyglutarate obtained from normal 
trimethyl arabinose, proved its identity (Haworth and Jones, this 
vol., p. 2349). Since the crystalline methylamide has a definite m. p. 
(without decomposition) the comparison could in this case be made 
by means of a mixed m.-p. determination, a procedure which cannot 
be followed with equal certainty with the crystalline amide. 

These results prove the constitution of the tetramethyl S-galacto- 
nolactone, and lead by inference to the conclusion that crystalline 
tetramethyl galactose possesses an amylene-oxide structure, as was 
previously suggested on other grounds (Pryde, J., 1923, 123, 1808 ; 
Haworth, Ruell, and Westgarth, Zoc. tit.). This sugar should now 
be definitely indexed as 2:3 :4: 6-tetramethyl galactose (I), and the 
derived lactone as 2:3:4:6-tetramethyl galactonolactone (II). By 
inference, it is concluded that free galactose possesses the amylene- 
oxide structure, since there appear to be no reasonable grounds for 
postulating a difference in ring structure between galactose and 
a- and p-methylgalactosides (compare Drew and Haworth, J., 1926, 
2303). 
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Experimental. 

Preparation of Tetramethyl Galactose .—Octamethyl lactose 
(Haworth, and Leitch, J., 1918, 113, 198) was hydrolysed in the 
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usual manner with aqueous hydrochloric acid, the neutralised 
solution being thereafter extracted with chloroform to remove the 
tetramethyl galactose. The crude tetramethyl galactose so 
obtained was purified by conversion into the crystalline anilide 
(m. p. 192°), which is easily obtainable in a very pure state (Irvine 
and McMcoll, J., 1910, 97, 1454). Hydrolysis of the anilide with 
5% aqueous hydrochloric acid (Haworth, Buell, and Westgarth, 
J., 1924, 125, 2473), followed by distillation of the product, now 
gave a pure specimen of tetramethyl galactose in the form of a 
syrup containing both the a- and (3-modifications of the sugar; 
nf 1*4682; [a]5f + 118° in water (c = 1-9; equilibrium value). 
A small quantity of this syrup dissolved in ether yielded crystals 
when rubbed with a glass rod during the evaporation of the solvent. 
When nucleated with this crystalline material, the main bulk 
crystallised readily to give in good yield solid tetramethyl galactose, 
m. p. 71—72° after recrystallisation from light petroleum (compare 
Schlubaeh and Moog, loc. cit .). 

Preparation of Tetramethyl § - Galactonolactone .—For comparative 
purposes three methods w T ere employed for the preparation of this 
lactone. In the first, the directions given by Haworth, Buell, and 
Westgarth were followed, the liquid tetramethyl galactose mentioned 
above being used; the resulting lactone was a liquid whose physical 
constants were in exact agreement with those previously recorded. 
The second method involved the preparation of the lactone from 
crystalline tetramethyl galactose, the experimental conditions being 
otherwise unchanged. The product (b. p. with bath temperature 
163—166°/0*18 mm.; wjf 1-4606) was a liquid which could not be 
induced to crystallise (0T603 G. required 6*9 c.c. of A/10-sodium 
hydroxide for neutralisation. Calc.: 6*85 c.c.). 

A polarimetric study of its behaviour in aqueous solution showed 
Hd + 157° approx, (initial value by extrapolation); [a] D + 26*2° 
(equilibrium value after 14 hours). The values of [a] D plotted against 
time gave a curve indistinguishable from that already recorded by 
Haworth, Buell, and Westgarth (loc. cit.) and by Drew, Goodyear, and 
Haworth (this vol., p. 1237). The third method for preparing the 
lactone in a highly pure condition lay in the regeneration of the 
compound from the crystalline phenylhydrazide of the corresponding 
2:3:4:6-tetramethyl gaiactonic acid. The lactone (T9 g.) prepared 
from the liquid tetramethyl galactose (a+(3 forms) was mixed with the 
theoretical amount of freshly distilled phenylhydrazine and sufficient 
ether to form a homogeneous solution. The mixture was heated on 
the water-bath for 30 minutes and a solid mass remained. This was 
broken up, rubbed with ether, and filtered, giving a white, cryst allin e 
solid (2*55 g.ym. p. 135—137°), which was the pure phenylhydrazide 
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of tetramethyl galactonic acid. Recrystallisation from ether or 
benzene failed to raise the m. p. (Found : C, 56-25; H, 7*5; N, 8-5; 
OMe, 32-4. C 16 H 26 0 6 N 2 requires C, 56-1; H, 7*6 N, 8-2; OMe, 
36*3%). The phenylhydrazide (1*9 g.) was treated with a slight 
excess of iV/10-aqueous hydrochloric acid (60 c.c.) and heated at 100° 
for 3 hours. This gave a pale yellow solution, which was evaporated 
to dryness under diminished pressure, the residue being finally dried 
for 2 hours at 100°/12 mm. The lactone was then extracted by dry 
chloroform containing a little ether, and after removal of the solvent 
and thorough drying, it was finally purified by distillation to give a 
colourless liquid (1-09 g.), rig 1-4609; [a] D + 156° (initial value). 
Equilibrium value after 14 hours +26*1°. 0*3139 G. required for 
neutralisation 13*6 c.c. of A/lO-sodium hydroxide (Calc.: 13-4 c.c.). 

Oxidation of Tetramethyl §-Galactonolactone with Nitric Add .—The 
lactone used was a specially purified specimen (w]f 1*4606) which 
conformed exactly in its polarimetric behaviour to the standards 
accepted for the pure lactone. A solution containing 5 g. of lactone 
in 40 c.c. of nitric acid (d T42) was gently warmed for | hour at 
50—60°, whereupon oxidation commenced. The reaction continued 
slowly and smoothly as the temperature was gradually raised to 90°, 
and appeared to be complete after 6 hours at this temperature. 
Throughout the subsequent dilution, removal of the nitric acid and 
water by distillation under diminished pressure, and esterification 
of the oxidation products with methyl alcohol, the usual methods 
were employed, details of which have already been published. The 
esterified product was obtained as a clear, mobile liquid weighing 
4*33 g. This was neutral to litmus and without action on Fehling’s 
solution. Distillation gave (I) 3*6 g., b. p. 95°/0*08 mm., rig 1-4359, 
MF + 44*7° in water (c = 1-2); (II) 0*56 g., b. p. 110°/0*18 mm., 
rig 1*4369, [oejg 0 + 33*8° in water (c = 2). The first fraction 
agreed in physical properties with methyl £-arabotrimethoxy- 
glutarate (Hirst and Robertson, loc. cit.) and analysis showed it to 
be very nearly pure (Found : C, 47*6; H, 7*3; OMe, 58*8. Calc, 
for C 10 H 18 O 7 : C,48-0; H,7*2; OMe, 62*0%). 

Confirmation was obtained by the formation of the corresponding 
amide. The ester (0-97 g.) dissolved in methyl-alcoholic ammonia 
(10 c.c.) gave after 15 hours a first crop of crystals in the form of 
needles, m. p. 270—278° (decomp.), which appeared to be a mixture 
of d-dimethoxyglutaramide and Z-arabotrimethoxyglutaramide 
(Found: C, 41-6; H, 7-15; N, 14*0; OMe, 33-4%). The main 
crop, which crystallised in the course of a few days, weighed 0*55 g. 
(yield 63% of theory). RecrystaJlised from methyl alcohol, this 
material decomposed at 230° with evidence of melting beginning at 
228°, and it was shown to be ^arabotrimethoxyglutaramide by com- 



2432 Haworth, hirst, and learner : 1:3:4: 6-TETRAMETHYL 

parison with an authentic specimen; [a] D + 50*2° in water (c = 
1*14) (Found: 0, 43*2; H, 7*2; N, 12*4; OMe, 40*1. Calc.: 
C, 43*6; H, 7*3; N, 12*7; OMe, 42*2%). 

The corresponding methylamide was prepared by dissolving the 
ester (0*46 g.) in methyl alcohol (6*0 c.c.) saturated with methyl- 
amine, and allowing the solution to remain at room temperature for 
4 days. After removal of the solvent in a vacuum desiccator, the 
resulting solid mass was recrystallised from ethyl acetate, giving 
needles; m. p. 172°, alone or mixed with an authentic specimen of 
the methylamide (Haworth and Jones, loc. cit.) prepared from pure 
methyl Z-arabotrimethoxyglutarate; yield 0*4 g.; [a]g* + 59*9° 
(Found: C, 48*3; H, 8-2; N, 10*9; OMe, 35*55. Calc.: C, 48*35; 
H, 8*1; 1ST, 11*2; OMe, 36*4%). 

University or Birmingham, 

Edgbaston. [Received, July 25th, 1927.] 


CCCXXV.—1: 3 : 4: Q-Tetrametkyl (y-)Fmctose and 
2:3: 5-Trimethyl (y-)Arabinose. Oxidation of d- 
and 1-Trimethyl y-Arabonolactone. 

By Walter Norman Haworth, Edmund Langley Hirst, and 
Abraham Learner. 

The representative of the so-called y-sugars in the arabinose series 
was first prepared as Z-trimethyl y-arabinose by Baker and Haworth 
(J., 1925,127, 365), who assigned a butylene-oxide structure to this 
sugar for the reason that it gave on oxidation with bromine water a 
crystalline trimethyl arabonolactone which was characterised as a 
y-lactone. The latter conclusion was confirmed by Haworth and 
Nicholson (J., 1926,1899), who showed that unsubstituted y-arabono- 
lactone prepared by oxidation of Z-arabinose gave, on methylation, 
the same crystalline trimethyl derivative as Baker and Haworth had 
isolated by oxidation of trimethyl y-arabinose (I). 

The allocation of a butylene-oxide structure to both the lactone 
and the sugar was supported by the comparison of the rate of 
hydrolysis of the former with that of other y-lactones (Charlton, 
Haworth, and Peat, J., 1926, 89; Drew, Goodyear, and Haworth, 
this vol., p. 1242). These conclusions have now been tested by 
degradation of Z-trimethyl y-arabonolactone by oxidative methods 
which are herein described. 

In the meantime, the corresponding optical enantiomorph, viz., 
cZ-trimethyl y-arabonolactone, has also been isolated (Avery, 
Ha worthyjind Hirst, this vol., p. 2308) from the products of oxi- 
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elation of tetramethyl y-fructose. The crystalline form, melting 
point, and magnitude of specific rotation of the two specimens were 
identical, but the sign of rotation was opposite. It became evident 
that the final proof of the constitution of this lactone was an issue 
of considerable importance in the structural chemistry of the sugars, 
since the solution of the problem of the structure of sucrose rested 
upon this proof. Accordingly, the two enantiomorphous specimens 
of trimethyl y-arabonolactone were submitted independently to 
oxidation with nitric acid (d 1*42). The product isolated from the 
Z-trimethyl y-arabonolactone (II) was recognised as d-dimethoxy- 
succinie acid (III), inasmuch as it gave a crystalline amide and a 
crystalline methylamide which were identical with authentic 
specimens specially prepared from d -tartaric acid. 
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Similarly, the (^-variety of trimethyl y-arabonolactone (V), which 
had been isolated from tetramethyl y-fructose (IV), gave on oxidation 
Z-dimethoxysuccinic acid (VI); this was characterised as the 
crystalline ami de and methylamide, which were identified as before 
by direct comparison with authentic specimens prepared for this 
purpose from Z-tartaric acid (Haworth and Jones, this vol., p. 2349). 

These experimental results must be considered in relation to the 
structurally isomeric trimethyl S-arahonolactone, which has been 
shown to be amylene-oxidic and to give rise on oxidation (Haworth 
and Jones, loc. cit.) to Z-arabotrimethoxyglutaric acid, which was 
similarly characterised through the crystalline methylamide (com¬ 
pare Hirst and Robertson, J., 1925, 127, 358). It was therefore 
demonstrated that whilst normal trimethyl arahinose contains an 
amylene-oxide ring, the trimethyl y-arabinose, on the other hand, 
has a butylene-oxide structure; that Z-trimethyl y-arabonolactone. 
derived from the latter sugar must be indexed as 2 : 3 :5-trimethyl 
arabonolaotone, and that to the d-isomeride isolated in the mann<|||| 
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indicated above as a degradation product of the fructose residue in 
methylated sucrose is similarly to be assigned the constitution of 
d-2 : 3 : 5-trimethyl arabonolactone. These conclusions confirm 
in their entirety the inferences already drawn from the results of the 
earlier studies of the lactones and of the reference compounds herein 
described. 

An additional point of interest which emerges from the further 
study of these lactones is that the two y-lactones displayed great 
stability towards nitric acid, contrasting remarkably with the labile 
character of the corresponding 8-lactone of this series and also with 
other 8-lactones which have hitherto been submitted to oxidative 
degradation. This behaviour is in harmony with the distinctive 
properties of y- and 8-lactones which have already been elucidated 
in the course of earlier work (Drew, Goodyear, and Haworth, loc. tit,). 

Experimental. 

Oxidation of \-Trimethyl y- Arabonolactone .—Arabonic acid, 
obtained in the usual way from arabinose by the action of bromine 
water, was purified by conversion into the cadmium salt, which could 
be readily recrystallised from water in place of alcohol as mentioned 
in the literature. After removal of the cadmium as sulphide, the 
lactone was obtained on concentrating the aqueous solution (Bauer, 
J.pr. Chem., 1884, 30, 367; 1886, 34, 46). Z-Trimethyly-arabono- 
laetone was then obtained by methylating arabonolactone (Haworth 
and Nicholson, loc . cit .). It had m. p. 30—32° alone or mixed with 
specimens prepared from arabonolactone and from trimethyl 
y-arabinose (Baker and Haworth, loc. cit .); [<x] D —44° in water 
(initial value) decreasing to —25° after 20 days. A solution con¬ 
taining 1-7 g. of this material in 17 c.c. of nitric acid (d 1*32) was 
heated on the water-bath until reaction commenced at 95°. At this 
temperature, evolution of nitrous fumes took place slowly, and the 
oxidation was allowed to proceed for 7 hours at 95—100°. Even 
then no definite end-point had been reached, but the rate of reaction 
had become extremely slow. 35 C.c. of distilled water were then 
added, and the nitric acid was removed by distillation under 
diminished pressure with frequent additions of water. The product 
was thus obtained as a colourless syrup, which was esterified by 
digestion for 8 hours with 40 c.c. of methyl alcohol containing 1-6 g. 
of hydrogen chloride. The mineral acid was neutralised in the usual 
way with silver carbonate, the solvent evaporated, and the esterified 
oxidation product purified by distillation, which proceeded smoothly 
only after a preliminary heating for 3 hours at 120°. This effected 
the transformation of some methyl trimethylarabonate into the 
lactone of the corresponding acid. During the preliminary heating, 
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a small quantity of methyl oxalate was collected. The main 
fraction (A) distilled from a hath at 159—170°/16 mm., giving a 
colourless syrup (0*8 g.), n\^ 1-4391; [a]}f 4-41-5° in water (c = 1-1; 
initial value) (0*1041 G. required, as lactone, 2-0 c.c. of A r /10-sodium 
hydroxide for neutralisation; for hydrolysis and neutralisation, 
8*7 c.c.). These properties correspond with those required by a 
mixture containing approxi m ately 65% of methyl <2-dimethoxy- 
succinate and 35% of l- trimethyl arabonolactone. The presence of 
methyl eZ-dimethoxysuccinate was proved by the formation of the 
corresponding amide and methylamide. The distillate (A) (0*23 g.), 
dissolved in 2-3 c.c. of methyl-alcoholic ammonia, gave, after 40 
hours, 0*07 g. of d-dimethoxysuccinamide, the identity of which was 
confirmed by comparison with an authentic specimen, melting to a 
dark liquid at 269°, decomposing rapidly at 283°; [a] D 4-97° in 
water (c = 0*433) (Found: C, 40*7; H, 6-8; OMe, 33*7. Calc, 
for C 6 H 12 0 4 N 2 : C, 40-9; H, 6*8; OMe, 35*2%). Again, 0*13 g. 
of the distillate (A), dissolved in 1*3 c.c. of methyl alcohol 
saturated with methylamine, gave crystals on evaporation of the 
solvent after 3 days. These recrystallised from ethyl acetate as long 
needles (yield, 0*06 g.), m. p. 205—206°, alone or mixed with an 
authentic specimen of the methylamide of dimethoxysuccinic acid 
prepared from cZ-tartaric acid (Haworth and Jones, loc. cit .). No 
trace of the amide or methylamide of trimethoxyglutaric acid could 
be detected in the course of these experiments. 

Oxidation of d-Trimethyl y-Arabonolactone. —The d-trimethyl 
y-arabonolactone was prepared from tetramethyl y-fructose by the 
method described by Avery, Haworth, and Hirst (this vol., p. 2317); 
it had m. p. 33°; [a] D 4-44-5° (initial value) in water —4-25*5° 
(after 20 days). This material (2-5 g.) was dissolved in 28 c.c. of 
nitric acid (d 1*42), the procedure thereafter being similar to that 
described above. A small quantity of oxalic acid (identified as 
methyl oxalate) was formed during the oxidation. The esterified 
product was distilled from a bath at 155—160713 mm., and gave 
1*42 g. of colourless syrup (B), 1*4400; [oc] D — 50° in methyl 

alcohol (c = 1*50) (0*0581 G. required 1*0 c.c. of N/ 10-sodium 
hydroxide for neutralisation, as lactone, and 4*9 c.c. of A 7 /10-sodium 
hydroxide for complete hydrolysis and neutralisation). These 
figures correspond to a mixture containing 32% of methyl Z-di- 
methoxysuccinate and 68% of cZ-trimethyl y- arabonolactone. The 
amide [yield 0*202 g. from 0*50 g. of the product (B)], prepared in 
the usual way, was obtained as long needles, which melted after 
preliminary darkening at 245—250° to a dark liquid at 270 (rapid 
decomp, at 283°); [a]jf - 94° in water (c = 0*9) (Found : C, 40*9; 
H, 6*8; N, 15*7; OMe, 33*2. Calc, for C 6 H 32 0 4 N 2 : C, 40*9 ; H, 
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6*8; N, 15*9; OMe, 35-2%). The corresponding methylamide was 
also prepared as long needles (from ethyl acetate), m. p. 204—205° 
alone or mixed with, a specimen of the methylamide of Z-dimethoxy- 
succinic acid prepared from Z-tartaric acid (Haworth and Jones, 
loc. tit.). 

Ho trace of the amide or methylamide of trimethoxyglutaric acid 
was found in the mother-liquors arising from these experiments. 

The authors wish to express their thanks to the Department of 
Scientific and Industrial Eesearch for a maintenance grant to one of 
them. 

University of Birmingham, 

Edgbaston. [ Received , August 16 th , 1927.] 


CCCXXVI .—The Structure of the Normal and y-Forms 
of Tetramethyl Glucose . Oxidation of Tetramethyl 
<5- and y-Gluconolactones. 

By Walter Norman Haworth, Edmund Langley Hir st, and 
Ernest John Miller. 

In a paper on the revision of the structural formula of glucose 
(Charlton, Haworth, and Peat, J., 1926, 89), the constitution 
assigned to the usual form of tetramethyl glucose represented this 
sugar as an amylene oxide, whilst the butylene-oxide formula was 
assigned to its labile or y-form. The experimental basis for these 
conclusions was the recognition that the lactones derived from these 
two sugars were, respectively, 8- and y-lactones. These conclusions 
have been tested in the course of subsequent work (Drew, Goodyear, 
and Haworth, this vol., p. 1237), and further experimental data are 
now furnished which confirm the recognition of the two forms of the 
methylated sugar as 2 : 3 : 4 : 6-tetramethyl glucose (i.e., the normal 
crystalline variety) and 2:3:5: 6-tetramethyl glucose (the labile 
or y-variety, which is a liquid). This inference with respect to the 
normal form of the sugar was supported by the direct oxidation of 
the normal crystalline sugar with nitric acid (Hirst, J., 1926, 350). 

Tetramethyl 3-gluconolactone has been prepared in a condition 
of greater purity by preliminary conversion into the crystalline 
phenyihydrazide (m. p. 115°; [ct] D + 42*1° in ethyl alcohol) of the 
corresponding acid, followed by regeneration of the lactone from 
this derivative. The physical constants of the regenerated lactone 
differ but slightly from those already recorded, and the substance is 
still recognised as a liquid. On the other hand, the lactone derived 
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by oxidation of the liquid tetramethyl y-glucose is crystalline, and 
the physical constants are also on record (Drew, Goodyear, and 
Haworth, loo . cit.). 

The study of these two lactones has now been’ continued by the 
application of the method of direct oxidation with nitric acid. Tetra- 
methyl S-gluconolactone, when treated with this reagent, gave a mix¬ 
ture of methoxyglutaric and methoxysuccinic acids, which were 
separated and identified through their crystalline amides and methyl- 
amides. Whilst the comparison of the amides with authentic specimens 
could be made with a considerable measure of certainty, yet, for reasons 
already explained (Haworth and Jones, this vol., p. 2349), it appeared 
to be advantageous to strengthen the validity of such comparisons 
by the adoption of the methylamides as reference compounds; but 
it should be added that the preparation of the amides enables a more 
satisfactory estimate to be made of the yields of the products of 
oxidation. The experiments have shown that the 3-lactone is 
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degraded to give a considerable yield (47%) of i-xylotrimethoxy- 
glutaric acid (HI) and a smaller yield (20%) of d-dimethoxy- 
succinic acid (IV), since the methylamides of these products were 
shown to be identical with authentic specimens prepared from other 
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sources. The isolation of the xylotrimethoxyglutaric acid affords 
definite proof that the oxygen of the oxide ring cannot be attached 
to carbon atom 2, 3, or 4, since the stereochemical arrangement of 
the groups associated with these carbon atoms is preserved in the 
^-xylotrimethoxyglutaric acid. On the other hand, the possibility 
of the attachment of the oxygen of the ring to carbon atom 6 in 
normal glucose derivatives is excluded by a large number of observ¬ 
ations, amo ng st which may be mentioned (1) the oxidation of methyl- 
glucoside to the methylglucoside of glycuronic acid (Smolenski, 
Eocz. Chem., 1923, 3, 153); (2) the preparation herein described of 
2:3: 4-trimethyl (3-methylglucoside (IX) [which is readily converted 
into normal tetramethyl methylglucoside (X)] from 6-triphenyl- 
methyl glucose (VII), the constitution of which has been proved by 
Helferich, Klein, and Schafer ( Annalen , 1926, 447, T9). The only 
remaining point for the attachment of the oxygen of the r ing is 
the 5-position. The conclusion is therefore drawn that the struc¬ 
tural formula (II) represents the constitution of tetramethyl 
S-gluconolactone, and thus the formula (I), which represents crystal¬ 
line tetramethyl glucose as an amylene oxide, is confirmed. 

Similar experiments were conducted on the degradative oxidation 
of tetramethyl y-gluconolactone, and these revealed the greater 
stability of this lactone towards nitric acid as compared with the 
3-lactone. A further distinction is that a portion of the lactone 
appeared to undergo very profound degradation during the oxida¬ 
tion, a circumstance which has a definite bearing on the constitution 
of the substance. The only dibasic acids definitely recog nis ed in 
the products from this treatment were oxalic acid and d-dimethoxy- 
succinic acid (IV), which was isolated as the amide and methylamide, 
both of which are crystalline, the latter compound being compared 
with an authentic specimen of the methylamide obtained ultimately 
from d-tartaric acid (compare Haworth and Jones, foe. cit). An 
exhaustive but unsuccessful search was made for the presence of a 
glutaric acid derivative, the experimental conditions being such that 
the presence of a derivative of this acid could easily have been 
detected had it been formed. The isolation of d-dimethoxysuccinic 
acid from tetramethyl y-gluconolactone proves definitely that the 
oxygen of the oxide ring cannot be attached to carbon atom 2 or 3, 
and thus the propylene-oxide formula for y-glucose derivatives, 
advocated by Irvine and Patterson (J., 1922,121, 2152), is definitely 
disproved. Again, the oxygen of the ring cannot be attached at 
position 6, since tetramethyl y-gluconolactone is derivable (in two 
stages) from 2:3:6-trimethyl glucose (Charlton, Haworth, and 
Peat, loc. cit.) but not from the 2:3:4-isomeride. The failure to 
isolate trimethoxyglutaric acid, when considered in relation to the 
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fact that the amylene-oxide structure has already been assigned to 
the 8-lactone, suffices to exclude the possibility of attachment of the 
oxide ring at carbon atom 5, and it follows, therefore, that the 
oxygen of the ring must be linked to carbon atom 4. Tetramethyl 
y-glucose and its related lactone are thus seen to have a butylene- 
or y-oxide structure (V and VI). 

In the above reaction, scission of the lactone had occurred at the 
point indicated by the dotted line drawn between the fourth carbon 
atom, which is attached to one junction of the oxide ring, and the 
fifth carbon atom of the chain. Consideration of alternative methods 
by which a compound of formula (VI) could undergo scission appears 
to supply a reason for the failure to obtain d-dimethoxysuccinic acid 
in a yield greater than 20%. A comparison with the course which 
the oxidation of the 8-lactone takes, giving both a glutaric and a 
succinic acid derivative, suggests that if an analogous breakdown of 
the y-lactone occurred, this might lead to the formation, not only of 
cZ-dimethoxysuccinic acid, but also of methoxymalonic acid. The 
isolation of the latter, which we failed to recognise, would be ren¬ 
dered difficult by reason of its instability. Indications were given 
of the presence of a dimethyl saccharolactone, which had pre¬ 
sumably been formed by the oxidation of the terminal -CH 2 OMe group 
at position 6 to a carboxyl group. A similar oxidation of this terminal 
group is recorded in the case of 2 : 3 : 6-trimethyl glucose (Irvine and 
Hirst, J., 1922,121,1213) and also with 2:3: 5-trimethyl arabinose 
(Baker and Haworth, J., 1925,127, 365). 

Incidentally, it may be remarked that the butylene-oxide ring 
structure of the y-glucose residue in glucose-diacetone receives 
confirmation. Support is thus given to the inferences drawn by 
Karrer and Hurwitz (Helv. Chim. Acta , 1921, 4, 728), although their 
conclusions and experimental methods were severely attacked by 
Irvine and Patterson (J., 1922,121, 2155), whose criticisms are seen 
to have been based on a misapprehension as to the structure of the 
monomethyl derivative of glucose-diacetone. 

Experimental. 

Preparation of Tetramethyl §-Gluconolactone (II).—Specially 
purified tetramethyl glucose (I) (m. p. 86°) was converted into 
tetramethyl gluconic acid by digestion with bromine water at 60° 
until the solution no longer gave a positive Fe b l i ng 's test. The 
lactone was then isolated by the usual method as a colourless liquid, 
b. p. 106—107°/0*04 mm.; ^1*4566; .[agf + 99° in water 
(c = 2*27; initial value), decreasing rapidly to the constant value 
[off + 30*8° after 8 hours. Attempts to induce the lactone to 
cryst allis e were unsuccessful, and further purification was effected 
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by regenerating the compound from the crystalline phenylhydrazide 
of the corresponding tetramethyl gluconic acid. The phenyl¬ 
hydrazide was prepared by the method described by Charlton, 
Haworth, and Peat ( loc . cit.) ; recrystallised from benzene, it had 
m. p. 115°, [a] D + 42*1° in ethyl alcohol (c = 1*0). Treatment with 
5% aqueous hydrochloric acid for 3 hours on the water-bath served 
to regenerate the acid, and the lactone was isolated by evaporating 
the solution to dryness under diminished pressure and extracting 
the residue with dry chloroform admixed with a little ether. The 
phenylhydrazine hydrochloride was filtered off, the solvent evapor¬ 
ated under diminished pressure, and the residual syrup purified by 
repeated distillation in a high vacuum. The final distillate had 
b. p. 101°/0*06 mm.; <1*4565; [a]Jf + 101° in water (c = 
2*06; initial value), decreasing in the course of 8 hours to a constant 
value [a]if 29*6°. The regenerated lactone was therefore almost 
identical in physical properties with the original specimen, and 
further repeated attempts to induce crystallisation were unsuccessful. 

Oxidation of Tetramethyl §-Gluconolactone. —A specimen of the 
lactone (4*0 g.), which had been purified as above, was dissolved in 
nitric acid (32 c.c.; d 1*42). A vigorous reaction took place at 70°. 
This was moderated by cooling the reaction vessel, and after 1 hour the 
temperature was raised to 90° and the reaction allowed to proceed 
to completion (6 hours). The solution was diluted with water and 
the reaction product isolated as the methyl ester as described below 
for the tetramethyl y-gluconolaetone. The esterified product was 
distilled, giving a colourless liquid (A) (yield, 2*7 g.), b. p. 98— 
10070*05 mm.; <1*4400; [a]Jf + 21*7° in water (c = 2*2). 
This material appeared to be a mixture containing approximately 
30% of methyl ^-dimethoxysuccinate and 70% of methyl i-xylotri- 
methoxyglutarate (Found: C, 46*8; H, 7*2; OMe, 61*3. Calc.: 
C, 47*6; H, 7*1; OMe, 61*5%). The presence of both these sub¬ 
stances was proved by the isolation of the corresponding crystalline 
amides and methylamides. 

Amides .—-The distillate (A) (1*0 g.) was dissolved in 6 c.c. of methyl 
alcohol saturated with ammonia and kept for 70 hours, during which 
0*19 g. of d-dimethoxysuccinamide separated as clusters of long 
needles. These darkened when heated above 200°, melted at 270° 
to a dark liquid, and decomposed rapidly at 283°; [«] D + 94° in 
water (c = 0*51). Direct comparison with an authentic specimen 
established the identity of this material. The disturbance of 
the solution consequent upon the removal of the dimethoxy- 
succinamide induced rapid crystallisation of a second substance of 
markedly different habit and appearance; this was filtered off after 4 
days, and washed with methyl alcohol and ether; yield, 0*25 g,; 
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m. p. 197°. It was optically inactive. Comparison with an authen¬ 
tic specimen prepared from xylose proved its identity with i-xylotri- 
methoxyglutaramid e. 

Methylamides .—The distillate (A) (14 g.) was dissolved in methyl 
alcohol (8 c.c.) saturated with methylamine; after 3 days, the 
solvent and the excess of methylamine were removed by evaporation 
in a vacuum desiccator. The residual solid mass was dissolved in 
30 c.c. of boiling ethyl acetate, the solution cooled, and the resulting 
crystals were washed with a little ethyl acetate and then with ether; 
m. p. 158—163° (yield, 0*34 g.). Eecrystallisation from ethyl 
acetate now gave the methylamide of i-xylotrimethoxyglutaric acid 
in long needles which, alone or when mixed with an authentic 
specimen prepared from xylose, melted at 165—167°. The substance 
was optically inactive (Pound: C, 48*3; H, 8*3; N, 11*5; OMe, 
34*3. Calc, for C 10 H 20 O 5 N 2 : C, 484; H, 8*1; 1ST, 11*3; OMe, 
37*5%). The mother-liquor from the first crop of crystals, on 
evaporation to dryness under diminished pressure, gave a residue 
which was recrystallised three times from ether-ethyl acetate 
(equal vols.); yield, 0*05 g.; long needles, m. p. 206°, alone or when 
mixed with a specimen of the methylamide of d-dimethoxysuccinic 
acid prepared from ^-tartaric acid. 

Oxidation of Tetrameihyl y-Gluconolactone (VI).—The lactone used 
was a crystalline specimen, m. p. 26—27°, conforming exactly with 
the polarimetric standards for the material prepared by Drew, 
Goodyear, and Haworth from tetramethyl y-glucose (this vol,, 
p. 1242). This lactone (3*4 g.) was dissolved in nitric acid (26 c.c.; 
d 142) and heated on the water-bath at 80° for J hour, but showed 
no appreciable change; the temperature was accordingly raised.to 
90°, but the reaction was sluggish and had not reached completion 
after 5 hours at this temperature; nevertheless it was decided to 
examine the products at this stage. The solution was diluted with 
water and the nitric acid removed by distillation under diminished 
pressure with frequent additions of water. The residue was 
esterified with methyl alcohol (50 c.c.) containing hydrogen chloride 
(2*4 g.), the mineral acid neutralised with silver carbonate, and the 
filtered solution evaporated to a syrup which contained a small 
quantity of mineral matter. The latter was removed by dissolving 
the syrup in benzene, and the subsequent evaporation of the solvent 
served to remove all traces of water. Distillation of the esterified 
product was difficult owing to the presence in small amount of a 
substance which underwent transformation when heated at 120° 
in a vacuum. This gave a minute quantity of a volatile liquid, 
probably methyl alcohol, of which the sudden evolution in the form 
of vapour caused violent bumping. The reaction product was there- 
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fore heated at 135—140°/11 mm. until this transformation was 
complete. Distillation now proceeded smoothly and gave (a) 0*3 g. 
of a colourless liquid which solidified in the receiver and was mainly 
methyl oxalate—some of this material had been collected during the 
preliminary heating; (6)0-7 g., b. p. 135—140°/12mm., n\f 1-4365; 

(c) 0-85 g., b. p. 140—160°/12 mm., nf 1-4442, [a] D + 57° in water 
(c = 1-1; initial value), decreasing to + 50° after several days; 

(d) residue, 0-2 g. Fractions (6) and (c) were colourless liquids which 
developed an acid reaction in aqueous solution; neutralisation of 
these solutions indicated the presence of a lactone. This observation, 
together with previous experience gained in distilling the esters of 
y-hydroxy-acids, suggested that the transformations which preceded 
distillation were due to the elimination of methyl alcohol from the 
ester of a y-hydroxy-acid, with the formation of a lactone. The 
presence of a lactone was further demonstrated by the change in 
rotation of the aqueous solution when kept for several days. 

Amides and Metkylamides. —Both fractions (6) and (c) yielded 
crystalline ^-dimethoxysuccinamide when dissolved in methyl- 
alcoholic ammonia. In one experiment, 0-120 g. of (6) gave after 
4 days 0-064 g. of long needles, which were filtered off and washed 
-with methyl alcohol and ether; these darkened at 245°, began to 
melt with decomposition at 270°, and decomposed entirely at 283°. 
Control experiments made in the same apparatus and under identical 
conditions, in which specimens of the ^-dimethoxysuccinamide 
prepared from d- tartaric acid were employed, gave identical results; 
Wg’ + 95° (c = M) (Found : C, 40-8; H, 7-1; N, 15-7; OMe, 
34-7. Calc, for C 6 H 12 0 4 1ST ? : C, 40-9; H, 6-8; N, 15-9; OMe, 
35*2%). Further proof of identity was furnished by preparing the 
corresponding methylamide. From 0-15 g. of fraction (6) in 1-1 c.c. 
of methyl alcohol saturated with methylamine, a mixture of syrup 
and crystals was obtained by removal of the solvent under diminished 
pressure. The crude crystalline material weighed 0-06 g., and on 
recrystallisation from ethyl acetate gave needles which, alone or 
mixed with an authentic specimen of the methylamide of d- di- 
methoxysuccinic acid prepared from cZ-tartaric acid, melted at 204° 
(Found : C, 46-7; H, 7-9; 3ST, 13-8. Calc, for C 8 H 16 0 4 N 2 : C, 47-05; 
H, 7-8; N, 13-7%). 

Fraction (c) (0-500 g.) gave analytically pure d^dimethoxysuccin- 
amide (0-068 g.), m. p. 270° (decomp. 282°) (Found : C, 40-9; H, 7-1; 
N, 15-5%). An exhaustive examination was made of the syrup 
remaining after evaporation of the mother-liquors from the amide 
formations. A further very minute quantity of d-dimethoxy- 
succinamide was obtained, but no other crysta llin e material. In 
particular, no trimethoxyglutaramide could be isolated. For this 
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examination the whole of the remaining portions of ( b ) and (c) were 
treated with methyl alcohol and ammonia. Titration of fraction 
(c): 0-1040 G. required 3-9 c.c. of N/ 10-sodium hydroxide for 
neutralisation of the lactone portion, and 8*3 c.c. (total) of iV"/10- 
sodium hydroxide for hydrolysis and neutralisation. These figures, 
in conjunction with the yield of crystalline amide (which gives an 
approximate estimate of the amount of dimethoxysuccinic ester 
present), indicated that the major portion of (c) consisted of a dibasic 
lactone-ester, possibly the methyl ester of dimethyl saccharolactone. 
The amount of unchanged tetramethyl y-gluconolactone was appar¬ 
ently very small, and this was confirmed by the failure to isolate 
the characteristic and easily recognisable crystalline phenylhydrazide 
of the corresponding tetramethyl gluconic acid. 

[With Abraham Learner.] 

Methylation of Triphenylmethyl Glucose (VII).—Crystalline tri- 
phenylmethyl glucose (3*0 g.) (as prepared by Helferich, Klein, and 
Schafer, loc. cit.) was dissolved in methyl iodide and treated in the 
usual manner with silver oxide. The operation was repeated three 
times, and the crude product so obtained gave OMe, 21-7 (Calc, for 
C 29 H 34 0 6 : OMe, 25-9%), the low value being attributable to the 
presence of a small quantity of triphenylcarbinol. The methylated 
product was hydrolysed by 100 c.c. of methyl alcohol containing 
0*5% of hydrogen chloride. After being kept for 5 minutes at 65° 
and for 2\ hours at room temperature, the solution was neutralised 
with silver carbonate. The residual syrup obtained after evapor¬ 
ation of the solvent was extracted with warm water. The aqueous 
extract, evaporated at 50° under diminished pressure, yielded a 
syrup which crystallised partially when nucleated with a specimen 
of 2:3:4-trimethyl (3-methylglucoside. Purification of this 
material by distillation from a bath at 135°/0*1 mm. yielded a colour¬ 
less liquid which crystallised on cooling. The crystals were drained 
on porous earthenware, and recrystallised from light petroleum, 
giving matted needles \ these, alone or when mixed with a specimen 
of 2 : 3 :4-trimethyl jS-methylglucoside (IX) prepared from genti- 
obiose, melted at 92—93° (Found: C, 50-7; H, 8*6. Calc, for 
C 10 H 20 O 6 : C, 50*8; H, 8*5%). 

University of Birmingham, 

Edgbaston. [ Received , Atigust 16 th, 1927.] 
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CCCXXVII.— Acid and Salt Effects in Catalysed 
Reactions. Part XI. The Hydrolysis of Ethyl 

Acetate and the Catalytic Catenary. 

By Harry Medforth Dawson and William Lowson. 

The detailed study of the velocity of the acetone-iodine reaction 
in the presence of weak acids and the corresponding salts (see 
previous papers) has shown that catalytic eSects of considerable 
magnitude are to be attributed to the undissociated acid and also to 
the acid anion. For various other reactions, evidence in favour of 
the catalytic activity of the undissociated acid has already been 
furnished by observations on the changes in reaction velocity 
which occur when the concentration of the acid is altered or when 
the corresponding salt is added, and an attempt has been made to 
explain the facts in terms of the so-called dual theory. According 
to later developments, the dual theory would seem to represent 
a very incomplete statement of the actual relations, and in the 
expectation that other reactions would show catalytic effects parallel 
with those observed in the action of iodine on acetone, measure¬ 
ments have been made of the rate of hydrolysis of ethyl acetate in 
presence of mixtures of acetic acid and sodium acetate. The 
mixtures used are represented by the general formula cHA + xMA, 
in which c is constant and x is variable. 

Preliminary observations with O-LZV'-acid solutions showed that, 
with a continually increasing salt content, the velocity falls at 
first to a minimum, and increases later in such a way that it can 
be represented as a linear function of x. Since for such a series of 
acid-salt mixtures the concentration of the hydroxyl ion is propor¬ 
tional to x , it was thought possible that the effects could be accounted 
for by the joint action of the hydrogen and hydroxyl ions. The 
reaction velocities calculated on this hypothesis are, however, much 
smaller than those observed, as may be illustrated by reference to 
the data for the most concentrated salt solution (x = 2-5), for which 
the observed velocity is about S times as great as the calculated 
value. Furthermore, when the observed velocity was plotted 
against the p H value of the solutions, it was found that the minimum 
velocity corresponds approximately with = 5*1. This represents 
a hydrogen-ion concentration which is much larger than would be 
expected on the assumption that the hydrogen and hydroxyl ions 
are the only active catalytic agents. The isocatalytic point on 

the H-OH catenary is actually given by [H]< = V k 0R K w lk h and by 
substituting k 0S IJc h — 1000 and K w = 10" 14 , this equation yields 
a hydrogen-ion concentration which corresponds with = 5-5. 
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It thus appears that the observed minimum-velocity (M.V.) 

point differs in respect of both velocity and hydrogen-ion concen- 

+ — 

tration from the isocatalytic point characteristic of the H-OH 
catenary, and this divergence led us to infer that the observed 
catalytic effects are connected with the catalytic activity of the 
undissociated acetic acid molecule and of the acetate anion. At 
the same time, the difference of 0*4 between the values of the 

+ — 

observed M.V. point and of the isocatalytic point on the H-OH 
catenary is small enough to suggest that the anionic catalytic 
effect will not be confined to the acetate ion, but will be shared by 
the acetate and hydroxyl ions. The relations involved in such 
circumstances have been already considered in connexion with the 
catalytic effects exhibited by acetate buffers (compare this vol., 
p. 1146). 

In accordance with the above views, it follows that the initial 
value of the specific reaction velocity (velocity referred to unit 
concentration of ester) in the presence of catalysts of the series 
0*lCH 3 *CO 2 H + tfCH 3 *C0 2 ]S[a should be represented by the formula 

V = Vh + v a + + Vm 

= h h [R] + fea[A] + &oh[OH] + k m [BA] . . (1) 

+ 

This equation may be reduced to the form v = /[H], but for the 
present purpose it will be applied directly to the experimental 
observations. 

Attention may, in the first instance, be directed to the results 
for those solutions which contain relatively large proportions of 
salt. In such solutions, the catalytic effect of the hydrogen ion 
can be almost neglected, whilst the concentration, and therefore 
the catalytic effect, of the undissociated acetic acid is constant. 
The observed changes in reaction velocity are therefore attributable 
to variations in the magnitude of the catalytic effects which are 
represented by the second and third terms in equation (1). If the 
straight line which expresses the connexion between v and x is 
extrapolated to x = 0, it is obvious that the intercept on the ordinate 
affords a measure of v m = & m [HA] = 0T& m . The value thus 
obtained for k m is 14*5 X 10“ 7 . 

Having thus deter mine d k m , the value of Jc a may be derived from 
the observed velocity for any acid-salt mixture which falls on the 
linear portion of the v-x curve, in that 1c a is the only remaining 
unknown quantity in equation (1). Rewriting this, we have 

V& ^ 1 kjX v ' $//j|TIj| MOH] 
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and from the data for the mixture 0TCH 3 *CO 2 H + 2*0CH 3 *CO 2 Na, 
the value obtained for k a is 2-0 X 10“ 7 . 

The four coefficients being known, it is now possible to apply 
equation (1) to the interpretation of the experimental results. 

Experimental. 

The observations, which were made at 25° with an ester con¬ 
centration of 0-4 mol. per litre,* are concerned solely with the initial 
velocity of hydrolysis. The molar concentration of acetic acid (y) 
produced during a measured time interval (t) was determined by 
titration of 25 c.c. samples of the solution with OlA-sodium 
hydroxide. The value of y is based on an increase of 1— 2 c.c. in 
the volume of standard alkali required to neutralise the test sample, 
and it is estimated that the error involved is not greater than 
± 0*03 c.c. The ester hydrolysed during the period of observ¬ 
ation thus corresponds with 1—2% of the total ester present, and 
in the region of the minimal velocities the time required for this 
is about 2 months. The specific velocity is given by v = y/at , 
where a is the initial ester concentration, and this velocity, it may 
be noted, is identical with the initial value of k in the equation 
h = l/t Aog e a/(a — y) for a unimolecular reaction, in that this 
equation reduces to the form h = y/at when y is small compared 
with a. 

The results of the experiments are summarised in Table I, Col. 1 
shows the molar concentration (cc) of acetate, col. 2 the hydrogen- 

+ + *»* 

ion concentration calculated from [H] = K(c — [£[])/(# + [H]), 

and from this the values of [A], [OH], and [HA] are derived. Cols. 
3—6 give the values of v hi v a , v OK , and v m , respectively, col. 7 the 
total calculated velocity v = v h + v a + ^oh + v m , and col. 8 the 
corresponding observed specific velocity. The values employed 
for the various velocity coefficients are: Jc h = 6*1 + lO” 3 ,*)* 
k a = 2*0 X 10~ 7 , &oh = 6*5, and 1c m = 14*5 X 10 -7 ; for the ionis¬ 
ation constant of acetic acid K = 1*85 x 10" 5 , and for the ionic 
product of water K w = 10 -14 . 

With reference to Table I it may be noted that the catalytic 
effects produced by the acetate and hydroxyl ions are in a constant 
ratio, the value of which is given by v a /v 0R = k a Kc!k 0K K w = 5*7. 
The general agreement between the numbers in the last two columns 
affords substantial evidence that the observed catalytic effects are 

* On account of “ salting-out,” this was reduced to 0-2 mol./litre in the 
case of the three most concentrated salt solutions. 

t This value is based on the results obtained in the detailed investigation 
of the hydrolysis of ethyl acetate under the catalytic influence of acetic acid 
(compare Dawson and Lowson, this vol., p. 2107). 
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Table I. 

Hydrolysis of ethyl acetate at 25°. Catalyst: 0TCH 3 *CO 2 H + 
a'CHg'CCUSia. 


X. 

[ H ]. 10 *. 

v h . 10 7 . 

^ . 10 7 . 

t'OH • 10 7 . 

• 10 7 . 

Calc . 

Obs. 

o 

135 

82-3 

_ 

— 

1*43 

83*7 

81*6 

0*005 

34*5 

21*0 

0*01 

— 

1*45 

22*5 

23-0 

0*015 

12*2 

7*45 

0*03 

— 

1*45 

8*9 

9*1 

0*03 

6*15 

3*75 

0*06 

0*01 

1*45 

5*3 

5*2 

0*05 

3*7 

2*25 

0*10 

0*02 

1*45 

3*8 

4*2 

0*07 

2*65 

1*62 

0*14 

0*03 

1*45 

3*25 

3*3 

0*10 

1*85 

M 3 

0*20 

0*04 

1*45 

2*8 

2*5 

0*20 

0*92 

0*56 

0*40 

0*07 

1*45 

2*5 

2*5 

0*35 

0*53 

0*32 

0*70 

0*12 

1*45 

2*6 

2*45 

0*50 

0*37 

0*22 

1-00 

0*17 

1*45 

2*85 

3*0 

1*0 

0*185 

0*11 

2*00 

0*35 

1*45 

3*9 

3*7 

1*5 

0*123 

0*07 

3*00 

0*52 

1*45 

5*05 

5*5 

2*0 

0*092 

0*05 

4*00 

0*70 

1*45 

6*2 

6*2 

2*5 

0*074 

0*04 

5*00 

0*88 

1*45 

7*4 

7*6 


due to the combined action of the hydrogen, acetate, and hydroxyl 
ions and of the undissociated acetic acid molecule. 

In accordance with relations derived previously (Dawson and 
Dean, J., 1926, 2872; Dawson, this vol., p. 1146), the plot of the 
reaction velocity against p K yields a symmetrical curve of catenary 
type. This curve is characterised by a min i m um (isoeatalytic) 
point, the hydrogen-ion concentration of which is given by 

[H]< = VpTwS 
and the corresponding minimum reaction velocity by 
Vi = 2Vh(hKc + ]cqrK w ) + h m c, 


if hm be neglected in comparison with h h . 

By substitution of the values for the various constants, these 

equations give [H]* = 8-4 x lO* 6 , or (p a )< = 5-07, and = 2-48 X 

io- 7 . 

The dia gram shows a catenary curve which has been drawn to 
show the connexion between the observed reaction velocities and 
the p a values of the solutions. These 'p K values are those derived 
on the assumption that the mass law is applicable to the ionisation 
of acetic acid and that the acetate is completely ionised. The 
co-ordinates of the apex of this catenary are obviously in close 
agreement with the above values of v t and (p K )<- 

The dotted horizontal line represents the velocity v m due to the 
undissooiated acetic acid. This may be regarded as the base line 
for the u—pa ourve, where u is the ionic reaction velocity. 

According to the procedure adopted on p. 2445 for the evaluation 
of the coefficients k m and h a , the former was derived by extrapolation 
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of the linear portion of the v-x curve, whilst the latter was obtained 
from the slope of this line. Since the slope is determined by the 
joint action of the acetate and hydroxyl ions, a knowledge of k OK is 
implied, and when the value of this coefficient is not known, other 
methods must be used for the derivation of k a . These need not be 
described in the present paper, but reference may appropriately 
be made to an alternative method for the determination of k m . 


Fig. 1. 



Ph- 

Catalytic activity of 0-lA 7 -CH 3 *CO 2 B: + aA r -CH 3 *C0 2 Na in the hydrolysis of 
ethyl acetate . Reaction velocity {v X 10 7 ) 'plotted against p&. 

If the hydrogen-ion concentrations of solutions of the constant- 
acid series are expressed in terms of the hydrogen-ion concentration 

of the isocatalytie mixture, such that n = [H]/[H]*, the equation 
for the reaction velocity may be written 

v = + 1 In) + k m c 

and fori larger values of n this becomes 

+ 

v = nk h \K\i + k m c . , . 


* * ( 2 ) 
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The corresponding equation for the minimum velocity is 

v t = 2Jc h [R]i + Jc m c .(3) 

Multiplying (2) by 2 and (3) by n , we obtain by subtraction 

k m = (nvi — 2 v)/(n — 2)c . . . . (4) 

The use of equation (4) for the determination of k m presumes a 
knowledge of the isoeatalytic data, but does not entail measure¬ 
ments of reaction velocity for solutions which contain a much 
larger proportion of salt than that which is present in the isoeatalytic 
mixture. In this respect, the method is very different from the 
extrapolation method, and since for various reasons the experimental 
realisation of the linear portion of the v~x curve is not always 
possible, the method represented by equation (4) may frequently 
be found to be useful for the determination of k m . 

Its application in the present case is illustrated by Table II, in 
which the relevant numbers for the solutions containing relatively 
small quantities of salt are recorded. 

Table II. 

c = 0*1. [H]i = 8-4 X 10- 6 , Vi = 2*5 X 10~ 7 . 


+ 


X. 

[H]. 10 s . 

n. 

. 10 7 . 

7%. 10 7 . 

0 

135 

159 

81*6 

15*0 

0*005 

34*5 

40*5 

23*1 

14*3 

0*015 

12*2 

14*4 

9*1 

14*4 

0*03 

6*15 

7*3 

5*2 

14*8 


In spite of the wide variation in the value of the “ reduced ” 
hydrogen-ion concentration (n) } the numbers under Jc m are remark¬ 
ably concordant, and this may be regarded as further evidence 
in support of the validity of the general theoretical considerations 
on which the method of interpreting the results is based. According 
to this, the catalytic effects associated with acetic acid and its 
salts in the hydrolysis of ethyl acetate are very similar to those 
previously met with in the case of the acetone-iodine reaction. 
The main difference is attributable to the fact that the ratios 
k m jkh and halfa are much larger for the latter reaction than for the 
ester hydrolysis. This is also true for the ratio ko^jh. The actual 
values of the ratios are shown in Table III. 

Table III. 

Keaction. IQ 5 X 10 5 X &«/&*. 10 -3 x &oh/&&* I0" 6 x &oh/& 0 - 

(A) Acetone-iodine ... 320 970 43 4*4 

(B) Hydrolysis of 

ethyl acetate... 24 3*3 1*05 32 
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According to the above figures Jc a Jh is about 300 times as great 
for reaction A as for reaction B. This is mainly responsible for 
the fact that the amojint of acetate which must be added to 0 •IN- 
acetic acid to reduce the reaction velocity to a minimum is nearly 
20 times as great in B as it is in A. On the other hand, k^jh a is 
about 7 times as great in B as it is in A. This explains why the 
anionic catalytic effect in B is shared by the acetate and hydroxyl 
ions, although the corresponding effect in A is almost entirely 
due to the acetate ion. That the nature of the catalysed reaction 
affects the relative activities of the undissociated acid and the 
corresponding anion is evident from the value of the ratio k m JJc a ; 
this is 0-33 in reaction A and 7*2 in reaction B. 

Catalytic Effects for Different Reactions and the General Catenary .— 
Since the catalytic effects associated with the two reactions which 
have been compared are in agreement with the requirements of the 
general catalytic catenary (compare this vol., p. 213), according to 

which the reduced ionic velocity r = u/ui is connected with the 

+ + 

reduced hydrogen-ion concentration, n = [H]/[H]<, and the reduced 
value, Ap H = log 10 n } by the equations 

r = %{n 4- 1/^) = -|(10^h + 1(H^h) 

these reduced quantities should afford a basis for the comparison 
of the ionic catalytic effects which are peculiar to a given, acid in a 
series of different reactions. It has, in fact, been shown (this vol., 
p. 756) that the reduced hydrogen-ion concentration {n 0 ) of a 
solution of the pure acid and the corresponding reduced ionic 
velocity (r 0 ) are determined solely by the relative magnitudes of 
the catalytic coefficients and are independent of the concentration 
and therefore of the degree of ionisation of the acid. The value 
of n 0 (or r 0 ) determines the position which must be assigned to a 
given pure acid on the general catalytic catenary, and this position 
obviously varies with the nature of the catalysed reaction. For 
acetic acid, the value of n 0 is 10 when the acid catalyses the acetone- 
iodine reaction, and about 175 when it catalyses the hydrolysis 
of ethyl acetate. Such wide variations in n Q do not, of course, 
affect the validity of the relations which find expression in the 
equation of the general catalytic catenary, but they serve to show 
that the catalytic activity of a given pure acid expressed in terms 
of that of the corresponding M. V. mixture varies very considerably 
with the nature of the catalysed reaction. 

Summary. 

Measurements have been made of the catalysing power of acetic 
acid-sodium acetate mixtures in the hydrolysis of ethyl acetate. 
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For a fixed concentration of acid, the addition of salt first reduces 
the velocity, which passes through a minimum, and then increases 
it according to a linear formula. 

The observed reaction velocities can be explained in terms of the 
joint catalytic effects produced individually by the hydrogen, 
acetate, and hydroxyl ions and by the undissociated acetic acid. 

The connexion between the reaction velocity and the p K value 
of the solution is represented very closely by a catenary curve. 

The ratios kajkh and k m jk h are much smaller for the hydrolysis of 
ethyl acetate than for the acetone-iodine reaction, and the catalytic 
catenary is of the compound type. 

The University, Leeds. [Received, July 1 6th, 1927.] 


CCCXXVIII .—The Heat of Adsorption of Oxygen on 
Charcoal . Part II. 

By William E. Gaener and Douglas McKie. 

Debye and Soherrer (PhysiJcal. Z. } 1917,18, 291) concluded from 
an X-ray examination by the powder method that amorphous 
carbon was merely graphite in a powder form. This conclusion 
was criticised by Ruff, Schmidt, and Olbrich ( Z . anorg. Chem ., 
1925,148, 313), who are of the opinion that amorphous carbon is a 
true modification which begins to pass into a para-crystalline 
variety at 1100°, and that the different forms of amorphous carbon 
are to be attributed to the admixture of varying proportions of 
graphite and a para-crystalline form. From their investigation, it 
would appear that the adsorptive powers of charcoal are due to 
the amorphous form alone. 

The energy content of amorphous carbon is 3 Cals./mol. higher 
than that of graphite. This difference in energy must be associated 
with structural differences probably extending throughout the 
body of the carbon. The most probable structure of amorphous 
carbon, in view of its mode of formation from cellulose or sugars, 
is that of an interlocking network of carbon chains, which are the 
degradation products of the original cellulose molecules. With 
such a structure, adjacent carbon chains will touch at points irregu¬ 
larly along their length. Where contact occurs between carbon 
atoms of adjacent chains, presumably something analogous to 
chemical combination has occurred, but there must exist atoms in 
the body of the carbon the valency forces of which are not fully 
saturated by neighbouring atoms. The excess of potential energy 
of amorphous carbon would be expected to lie in such atoms and in 
those exposed in the capillary surfaces of the charcoal. ,g 
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Each of the surface atoms forms part of a chain extending into 
and rigidly fixed in the body of the carbon. The surface atoms 
may possess the haphazard distribution of their fellows in the body 
of the charcoal. Those projecting some distance from the surface 
are conceivably unsaturated chemically. Birge (Physical liev 1926, 
28, 259), from a consideration of results on the heat of. vaporisation 
of carbon and an examination of the molecular spectra of oxygen 
and the oxides of carbon, concluded that 1 g.-mol. of gaseous carbon 
contains 141 Cals, more potential energy than carbon in. bulk. 
This value sets the limit for the potential energy of the most active 
carbon atoms on the surface of charcoal. The potential energy of 
these atoms will very probably range between 141 Cals, and zero, 
the former value corresponding with carbon atoms practically in 
the gaseous state and the latter with atoms almost completely 
surrounded by neighbouring atoms. The nature of the law of the 
distribution of energy among the surface atoms is unknown. 

The potential energy of the carbon surface should bo liberated 
during chemical changes occurring thereon, e.g. 9 during the adsorp¬ 
tion of oxygen. Under the most favourable conditions, the heat 
of adsorption of this gas should approach a value of the order of 
300,000 cals, per g.-mol. of oxygen adsorbed. 

There is some justification for assuming that combination between 
oxygen molecules and carbon atoms on the surface can take place 
according to definite stoicheiometrical relationships. This would 
be the case if electron sharing occurs between the surface and 
adsorbed atoms. Also, there is the possibility of physical adsorp¬ 
tion, the oxygen being held by subsidiary valency forces on the 
surface. The following simple structural forms may be present 
on a carbon surface which has adsorbed oxygen (CCC . . .represents 
the surface): 

ft 0—0 

O \y O o 

cBo ccc c n c 

(1.) <H.) (III.) 

(I) represents the process of physical adsorption of oxygen in 
which there is no electron transference or sharing between the 
atoms. The adsorption is, in this case, a reversible process, and 
the adsorbed oxygen molecules can be recovered unchanged. (II) 
and (III) are examples of modes of chemical combination. Desorp¬ 
tion of oxygen should occur as carbon dioxide in (II) and as carbon 
monoxide in (III). Other types of complex may exist, but our 
object is to present as simple a picture as possible. 

Our knowledge of these adsorption complexes is based on (#) 
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the nature of the products obtained on desorption, and (b) measure¬ 
ments of heats of adsorption. The products would appear to 
depend, not only on the temperature of desorption, but also on 
factors concerning the adsorption process. The amount of oxygen 
adsorbed by a given mass of charcoal and the temperature at which 
adsorption occurs are the main factors involved. At low temper¬ 
atures and high initial gas pressures, the adsorbed gas can be 
recovered as oxygen on decreasing the pressure or on raising the 
temperature (Dewar, Proc. Boy. Soc., 1904, A, 74, 122). This form 
of adsorbed oxygen is represented by (I). The heat of adsorption 
is very low, about 3 Cals, per mol. of gas adsorbed. If the gas is 
admitted at low pressures, e.g ., 0*01 mm., and at the ordinary or 
slightly higher temperature, the adsorbed oxygen can be recovered 
as oxides of carbon (II and III) on raising the temperature. The 
heat of adsorption under these conditions is much higher. At room 
temperature, the maximum heat of adsorption is 70 Cals./g.-mol. 
(Keyes and Marshall, J. Amer. Chem. Soc., 1927, 49, 156) and rises 
rapidly with increase in temperature (Blench and Gamer, J., 1924, 
125, 1288). At high pressures and at room temperature, the heat 
of adsorption is only 4 Cals./mol., and the adsorption complexes 
may be of all three types, (I), (II), and (III). Rhead and Wheeler 
(J., 1913,103, 471) have shown that the complexes formed at 300° 
break down into carbon dioxide and monoxide at higher temper¬ 
atures. Type (II), giving dioxide, would appear to be less stable 
than (III). The maximum evolution of carbon dioxide occurs at 
approximately 300—400°, and of carbon monoxide at 600—700° 
(Rhead and Wheeler, loc. cit.). Since both carbon dioxide and 
monoxide are liberated over a wide range of temperatures,* the 
forces holding the molecules of the gas on the surface cannot be 
uniform from molecule to molecule. This is what would be antici¬ 
pated were the surface adsorbing oxygen truly amorphous. 

An investigation continuing the work of Blench and one of us 
and -using a more refined technique has thrown additional light 
on the nature of the adsorption complexes. The detailed experi¬ 
mental method will be described in a later paper. It will be sufficient 
to state here that the adsorption was carried out in a vacuum 
calorimeter of known water equivalent and the rise in temperature 
measured by means of a thermocouple. The heat of adsorption 
varies with the initial gas pressure, i.e., with the amount of oxygen 
adsorbed, in a curious manner. This will be seen by combi ni ng the 
results of McKie and those of Keyes and Marshall (Table I). 
Although the latter authors measured the heats of adsorption by a 

* Only a fraction of the complexes breaks down when the carbon is heated 
over a range of 50°. 


40 
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different experimental method (by the ice calorimeter),'"their results 
agree very well with those of McKie. Charcoals with practically 
the same activity must have been used in both series of experiments. 

Table I. 

Heat of adsorption (Cals./mol.). 



Q per mol. of 0 2 at 18° 


Q per mol. of 0 2 at 0° 

<7 X 10*. 

(McKie). 

G X 10*. 

(Keyes and Marshall). 

0*001 to 0-006 

5 

0*1 

67-9 

0-04 

60 

0*2 

61-9 

0-08 

62 

0-3 

43-5 

0-10 

70 

0-4 

27-9 

0-12 

71 

0-5 

20-1 

0-15 

71 

1-0 

5-8 



2*0 

5-1 



4*0 

4-4 


Fig. 1. 



G represents the number of g.-mols. of oxygen adsorbed per g. of 
charcoal, and Q is the molar heat of adsorption.* Different char¬ 
coals show the same maximum value of Q, although this does not 
necessarily occur at the same value of 0. The results are plotted 
in Fig. 1. There is a sharp rise in the heat of adsorption up to a 
ma xi mum value of 70 Cals, and then a slower fall down to 4 Cals, 
as the density of adsorbed oxygen increases. A similar curve has 
been obtained by Kistiakowski ( Proc . Nat . Acad . Sci., 1927,13, 1) 
for the heat of adsorption of hydrogen on nickel. 

* The oxygen admitted is almost completely adsorbed at a surface density 
ofC = QtoC = 0*1 X 10“*. 
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The internal area of the charcoal used in the above experiments 
has been determined by measuring the adsorption isotherms of 
straight-chain alcohols on the charcoal (area = 66 m. 2 per g,) 
(Garner, McKie, and Knight, J. Physical Chem ., 1927, 31, 641). 
At the maximum of Fig. 1, only 1/140 of the carbon atoms are 
covered with oxygen, so that the range of figures given in 
Table X refers only to the formation of an incomplete unimoleeular 
film of oxygen molecules on the surface. 

The heat of adsorption varies with the temperature. Values 
are shown in Table II for C = 0-1 x 10“ 4 . The agreement between 

Table II. 

Eelation between heat of adsorption and temperature. 


Temperature.. 18° 57° 100° 150° 200° 300° 450° 

Q (McKie) . 70 91 108 114 116 — — 

Q (Blench and Garner) . — — — — 116 164 224 


Fig. 2. 


o> 


T. 

the values of McKie and those of Blench and Gamer at 200° is 
probably a coincidence, since the latter were not so accurately 
determined as the former. 

Fig. 2 brings out the nature of the rise in Q . This approaches 
a constant value between 100° and 200° and then rises rapidly. In 
the interpretation of these results, it is necessary to bear in mind 
that the accuracy of the values decreases with increase in temper¬ 
ature. Up to 100°, only negligible amounts of carbon dioxide are 
produced on admitting oxygen to the charcoal, but at higher 
temperatures this gas is liberated in increasing amounts. At 
450°, more than 30% of the oxygen combining with the surface; 
is liberated as dioxide. This makes the deduction of the heat of 








2456 GARNER AND MCKIE : THE HEAT OF ADSORPTION 

adsorption uncertain. Nevertheless, we believe the general trend 
of the curve to be correct. 

The temperature coefficient of the heat of adsorption is too great 
to be accounted for by changes in the specific heats of the resultants 
and reactants. It must be due to a change in the type of complex 
with the temperature. The heat of adsorption approaches a 
constant value at 100—200°. This suggests that the type of 
complex which is formed does not undergo much change over this 
range of temperatures. Below 100°, at least two types must be 
present, one of which gives place to the other on increase in temper¬ 
ature. This change is nearly complete at 100°. It is highly 
probable that at this temperature only one structural form is 
present. This cannot be (I), but is very probably (II). The 
experiments of Bhead and Wheeler on the decomposition of the 
complex indicate that this is the case; carbon dioxide is the main 
product of desorption at 300—400°. If this is so, then the rise in Q 
above 200° must be ascribed to the formation of (III). If Q were 
very large for type (III), then a high temperature would be necessary 
before desorption could be brought about. This is supported by 
the fact that the maximum evolution of carbon monoxide does not 
occur until 600—700° is reached. 

Although the heat of adsorption obtained between 100° and 200° 
is believed to be that of type (II), it is not suggested that this heat 
is other than an average value. Owing to the varying potential 
energy of the carbon atoms on which the complex is formed, a 
range of heats of adsorption for type (II) would be expected. This 
would account for the wide range of temperatures over which the 
complex is broken down to give carbon dioxide. 

Returning to Fig. 1, we are met with greater difficulties in inter¬ 
pretation. The decrease in Q as the amount of gas adsorbed 
increases is undoubtedly due to the increasing predominance of 
molecularly adsorbed oxygen (I). The low heat, and the fact that 
from such charcoals oxygen may be recovered, requires that this 
be the case. The occurrence of a maximum value and the fall at 
very low surface concentrations afford an interesting problem for 
the complete solution of which there are not sufficient data. If it 
be assumed that the fall is due to the occurrence of physical adsorp¬ 
tion at very low pressures, it must also be assumed that the oxygen 
is very tightly bound to the surface, which occurs very rarely for 
physical adsorption. At O = 0*01 x 10*" 4 g. mol./g., only 1 in 
every 1400 of the surface carbon atoms is covered, and these will 
be the most unsaturated of the surface atoms. If a physical 
complex is formed, it may thus be comparatively stable. 

An alternative and preferable explanation would be that, at 
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very low pressures and surface densities, an active form of type 
(II) is formed which only slowly liberates its internal energy as 
heat or radiation. The liberation of energy may occur so slowly 
that we cannot measure it by our methods. In support of this, 
it may be mentioned that the rate of liberation of heat is slower 
when C = 0*04 x KH than when G = 0*1 X I0" 4 . It is probable 
that an activated form of type (II) would give up its energy if 
struck by an oxygen molecule, and this may be the explanation of 
the increased heat of adsorption as the density of the gas above the 
carbon increases. 

Support for this view was found on studying the adsorption of 
mixtures of oxygen and nitrogen. Nitrogen is adsorbed when 
admitted together with oxygen in greater amounts than if admitted 
either to a bare carbon surface or to a surface on which oxygen has 
been adsorbed. The gas is not, however, held so firmly as either 
oxygen or nitrogen which has been adsorbed on a bare surface; 
it evaporates when the pressure is lowered. An unstable carbon, 
oxygen, and nitrogen complex is formed. The complexes formed 
when nitrogen is admitted after oxygen are much more stable 
(compare Trans. Faraday Soc 1926, 22, 459). 

These results indicate that the adsorbed oxygen molecules are 
in a chemically active state immediately after formation, and that 
this activity is lost on standing. They support the view expressed 
above that the initial portion of the curve in Fig. 1 is due to the 
formation of a complex of type (II), which has retained a large 
portion of its heat of formation. A similar explanation can also 
be given for Kistiakowski’s curve ( loc . cit). 

Summary. 

The heat of adsorption of oxygen on charcoal varies with the 
amount of oxygen adsorbed per g. of charcoal. A maximum value 
(70 Cals.) was obtained when the number of g.-mols. of oxygen 
adsorbed per g. of charcoal was 1-5 x 10“ 5 . The maximum heat 
of adsorption increases rapidly with increase in temperature, 
approaching 115 Cals, between 100° and 200°. It rises again from 
200° to 450°. 

The results have been discussed with regard to the light they 
throw on the chemical constitution of the C^Oy complex. 

One of us (D. McK.) wishes to express his indebtedness to the 
Department of Scientific and Industrial Research for a maintenance 
grant. 

The Ramsay Laboratories or Inorganic and Physical Chemistry, 
University College, London. [Received, August 5th, 1927.] 
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CCCXXIX .—The Interaction of Bromine with Acetic 
Anhydride . Part II. 

By Kennedy Joseph Previte Orton, Herbert Ben Watson, and 
Hubert Ivor Hughes. 

It lias been stated by Orton and Jones (J., 1912, 101, 1722), and 
subsequently by W. H. Gray (Thesis, Univ. of Wales, 1913) and 
by Orton, Watson, and Bayliss (Part I, J., 1923, 123, 3081), that 
pure acetic anhydride is unattacked by halogens at the ordinary 
temperature when light is completely excluded. The anhydride 
used by these investigators was obtained by fractional distillation 
of Kahlbaum’s acetic anhydride “ free from homologues,’ 5 and their 
observation does not appear to find confirmation in the results of 
earlier workers (Gal, Ann . Chim . Phys., 1862, 66, 187 ; Urech, Ber., 
1880, 13, 1687; Lapworth, J., 1904, 85, 40). The stability to 
bromine of specimens of acetic anhydride of varied origin and 
purified by different methods has now been examined; in every 
case reaction occurs, and it appears probable that the material 
employed by the previous workers contained a trace of some inhibitor 
which was not removed by fractionation. A search for possible 
inhibitors has revealed the fact that introduction of quinoline in 
minute quantity prevents ■ the reaction from proceeding to any 
perceptible extent during a long interval of time (with bromine = 
0*25Jf and quinoline — 0'006iJf, no measurable amount of bromine 
reacted in 93 hrs.); moreover, acetic anhydride containing a trace 
of quinoline is still stable to bromine after fractionation. After 
this “ latent period/ 9 reaction proceeds at a measurable rate, but 
the disappearance of bromine is much slower than when pure 
anhydride is employed; the retardation at this stage is probably 
to be attributed to the presence of a hydrobromide of quinoline, for 
a similar retardation is produced by introduction of a trace of 
sodium or potassium bromide or of certain other salts. Sodium 
acetate exerts an influence which is similar to but not as powerful 
as that of quinoline (with Br 2 = 0-261T and XaC^Og = 0*005Jf, no 
fall of titre after 17 hrs.), whilst pyridine, dimethylaniline, triethyl- 
amine, diethylamine, iso quinoline, ammonium acetate, methylamine, 
and ethyl amin e are less effective. Addition of a trace of nitric 
acid or of acetyl nitrate is accompanied by an extremely powerful 
inhibition (compare Gray, loc. tit.); the effect of the former is 
probably due to acetyl nitrate formed by reaction of the nitric 
acid, with the anhydride, for the bromination of propionic anhydride 
(which is similar to that of acetic anhydride, but considerably 
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slower) is inhibited by acetic anhydride and nitric acid in con¬ 
junction, but not by nitric acid alone. 

The speed of interaction of bromine with acetic anhydride is now 
found to be greatly influenced by the concentration of the halogen. 
The course of the reaction indicates autocatalysis, and introduction 
of acetyl bromide (one of the products, Gal, Urech, locc. tit.) causes 
a considerable acceleration. The effect of acetyl bromide is 
identical with that of hydrogen bromide at equimolar concentration, 
indicating that the halogen acid reacts all but completely with the 
anhydride, (CH 3 *C0) 2 0 + HBr = CH 3 *COBr + CH 3 *C0 2 H, as has 
been shown by an aspiration method. Introduction of propionyl 
or benzoyl bromide brings about an acceleration identical with that 
produced by acetyl bromide at the same concentration. These 
facts recall the bromination of carboxylic acids (Watson, J., 1925, 
127, 2067), and a similar series of changes of the following type is 
indicated: 

CH 3 -COBr + Br 2 = CH 2 BrCOBr + HBr ..... (1) 

(CH 3 -C0) 2 0 + HBr ^ CH 3 -COBr + CH 3 -C0 2 H .... (2a) 

(CH 3 -C0) 2 0 + CH 2 Br-COBr zr 

CH 2 Br-C0*0-C0-CH 3 + CH 3 -COBr . . . (2b) 

CH 3 *C0 2 H + CH 2 Br-C0*0-C0-CH 3 ^ 

(CH 3 -C0) 2 0 + CH 2 BrC0 2 H .... (3) 

When the bromide of another acid is added initially, these reactions 
will be preceded by 

(CH 3 -C0) 2 0 + R*COBr ^ CHo-CO-O-CO’R + CH 3 -COBr, or 
(CH 3 -CO) a O + 2R*COBr ^ (R-C0) 2 0 + 2CH 3 -COBr . . (4) 

That acetic anhydride can react with acid bromides in this manner is 
demonstrated by distilling a quantity of the anhydride with either 
bromoacetyl or benzoyl bromide, whereby a good yield of acetyl 
bromide is obtained; it is not suggested that reaction (3), which is 
analogous to the reactions of acids with anhydrides observed by 
Kaufmann and Luterbacher (Ber., 1909, 42, 3483), proceeds to any 
great extent under the conditions of the authors’ experiments, in 
which the acetic anhydride was always in great excess. In the 
above series of reactions the rate of disappearance of bromine will 
be dx/dt = &(a—#)[AcBr], where a is the initial concentration of 
bromine. If the acetyl bromide be present in excess, the reaction 
will be of the first order; values of lc x = 1 ft. log* a/ (a — x), however, 
were not constant. If the bromine also reacts with the enolic 
form of the anhydride (this form being produced slowly and reacting 
with halogens rapidly; compare Part I), the rate of disappearance of 
bromine will be dx/dt — Jc{a — #)[AeBr] + &'[Ac 2 03, where % is 
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the total amount of the halogen which reacts in time t. In the case 
when both acid bromide and anhydride are in excess, this reduces 
to dxjdt = C(a — x) + C = G(a — x 4- P), where C' — GP, which 
on integration becomes (7=1/$. log fi (a + P)/(a + P — x). Con¬ 
stant values of G were obtained by use of this expression. The 
observed facts are thus interpreted by supposing that the reaction 
proceeds mainly through a series of changes involving the bromin- 
ation of the acid bromide, but also to a small extent through the 
enolised anhydride. Addition of a small quantity of sulphuric 
acid, ferric chloride,* or stannic chloride results in a marked increase 
in the rate of disappearance of bromine (compare Part I); their 
effect probably consists in an acceleration of the enolisation of the 
anhydride. Acetyl chloride (or added hydrogen chloride), tri¬ 
chloroacetic acid, and monobromoacetic acid are without appreciable 
effect. When pure anhydride is used, pure dry iodine is now found 
to be a catalyst, but iodine bromide (added as such) and iodine 
chloride are more effective, the former being a particularly good 
catalyst. 

According to the hypothesis of activation by electronic displace¬ 
ment (Allan, Oxford, Robinson, and Smith, J., 1926, 401; Ingold 
and Ingold, ibid., p. 1310) there will be but little tendency for a 
proton to become loosened from the methyl group of acetic acid, 
for the carboxyl group is “ self-contained 55 (Ray and Robinson, 
J., 1925,127,1618); adjustment of the covalencies of the carbonyl 
carbon atom of acetic anhydride, however, will take place to a 
smaller extent, since the singly-linked oxygen is conjugated on 
both sides (compare Lea and Robinson, J., 1926, 411), whilst with 
acetone and acetyl bromide no such adjustment is possible. In 
the three compounds last mentioned, therefore, loosening of a 
proton will occur, and will be most marked in acetyl bromide 
owing to the “ polar effect 55 of the bromine atom (Baker and 
Ihgold, J., 1926, 2466). The loosened proton is attracted towards 
the negatively charged carbonyl oxygen, and enolisation takes 
place (in preference to direct substitution by a reagent, as is shown 
by the dynamics of the bromination of acetone; Lapworth, be. cit.). 
The sequence CH 3 -COBr > (CH 3 ) 2 CO > (CH 3 -C0) 2 0 > CH 3 «C0 2 H is 
thus obtained for velocity of enolisation. The series of changes up 
to this point may be written 



* Using pure anhydride, the authors have failed to confirm the violet 
colour ascribed in Part I (p. 3090) to solutions of anhydrous ferric chloride. 
Such solutions are brown in colour. 
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and on activation of the enolide 

—C=C—OH —^ —iQfQf. H. 

X © X @ 

The activated enolide will react with bromine at the negatively 
charged carbon atom, the products being the monobrominated 
ketonic derivative and hydrogen bromide. In acetyl bromide, 
the activation of the enolide will be opposed by the polar effect of 
the bromine atom, and hence rapid enolisation will be followed by 
a comparatively slow reaction with bromine (compare Watson, 
he. cit., p. 2075), whilst in acetone and acetic anhydride slow enolis¬ 
ation is followed by rapid reaction with the halogen. These con¬ 
siderations lead to the idea suggested originally by Lapworth 
(loc. cit.) that the bromination of carbonyl compounds in general is 
preceded (provided an a-hydrogen atom is present) by conversion 
into the enolic form; it is not necessary, however, to assume the 
formation of an intermediate dibromide which immediately loses 
hydrogen bromide, nor has such a dibromide been isolated. This 
scheme correlates the results of Lapworth and others on the bromin¬ 
ation of ketones and aldehydes, those of Watson on the bromination 
of carboxylic acids, and also those described in the present paper. 

Experimental. 

The velocity measurements were carried out by withdrawal at 
suitable intervals of 2 (± 0*01) c.c. of the reaction mixture, addition 
to aqueous potassium iodide, and titration of the iodine liberated 
with N /10-thiosulphate. Unless otherwise stated, titres are 
expressed as c.c. of j\T/10-thiosulphate, and time in minutes. 
Temperature throughout = 25°. 

j Reaction of Bromine with Different Specimens of Acetic Anhydride .—* 
The anhydride was fractionated through an eight-pear stillhead, 
and the bromine (B.D.H. “ A.R.” quality) was purified as described 
by Watson {loc. cit., p. 2076). 

Br 2 — 0*25—0*27ilf, initially; mol. ratio Ac 2 0/Br 2 = 40. 

Fall in titre after (mins.) 

Initial titre. 20. 30. 40. 50. 60. 70. 80. 90. 

Kahlba um ’s acetic anhydride 44 free from homologues” (post-war). 

10*30 1*45 2*80 4*52 5*90 7*10 8*05 8*72 9*20 

Hopkin and Williams’s 44 Reagent ” acetic anhydride (post-war). (Mean of 
results for ten specimens.) 

10*38 1*32 2*65 4*00 5*42 6*65 7*20 8*38 8*98 

(±0-25) (±0-6) 

British Drug Houses “ A.R.” acetic anhydride (post-war). 

10-45 1-70 3-45 4-85 6-32 7-60 8-42 9-05 9-48 

4o2 
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Effect of Purification of Bromine .—Method 1 as above : results are 
the mean of those in previous table. Method 2 : bromine distilled 
from potassium bromide and zinc oxide (compare Stas, Mem . Acad. 
Belgique , 1865, 35, 3; West, J., 1924, 125, 1279), then dried over 
quick-lime and distilled in an all-glass apparatus. Method 3 : 
bromine distilled from potassium bromide and zinc oxide, then 
washed with distilled water and dried under concentrated sulphuric 
acid, separated, and distilled from a little barium carbonate. 


Fall in titre after (mins.) 

20. 30. 40. 50. 60. 70. 80. 90. 


Initial 

titre. 

Method 1 ... 10*38 
Method 2 ... 10*40 
Method 3 ... 10*28 
Untreated ... 10*15 


1*48 

2*98 

4*45 

5*62 

M0 

2*28 

3*65 

5*12 

0*90 

1*80 

3*05 

4*55 

1*35 

2*70 

4*22 

5*70 


7*12 

7*88 

8*72 

9*22 

6*35 

7*35 

8*20 

8*82 

5*75 

6*85 

7*75 

8*45 

6*82 

7*78 

8*45. 

9*00 


Effect of Purification of Acetic Anhydride by Different Methods .— 
Specimens of the anhydride were distilled from phosphorus pentoxide 
(method 1), potassium permanganate (2), or chromic anhydride (3); 
allowed to stand for 48 hours over pure anhydrous sodium acetate 
and then distilled (4), refluxed for 12 hours over sodium acetate 
and then distilled (5), and treated with 0*1% by volume of bro min e, 
allowed to stand until colourless, refluxed for 6 hours over sodium 
acetate, and distilled (6). In each case, the anhydride was fraction¬ 
ated both before and after the treatment described. 


. Fall in titre after ( mins .) 

Initial „-• -- 



titre. 

20. 

30. 

40. 

50. 

60. 

70. 

80. 

90. 

Method 1 ... 

10*52 

1*42 

3*60 

5*25 

6*68 

7*78 

8*60 

9*20 

9*60 

Method 2 ... 

10*55 

1*05 

2*28 

3-7S 

5*20 

6*55 

7*60 

8*40 

9*10 

Method 3 

10*45 

1*38 

3*02 

4*65 

6*05 

7*25 

8*22 

8*92 

9*40 

Method 4 ... 

10*50 

1*70 

3*25 

4*80 

6*45 

7*60 

8*52 

9*12 

9*55 

Method 5 ... 

10*45 

1*68 

3*05 

4*65 

6*08 

7*22 

8*12 

8*80 

9*30 

Method 6 ... 

10*25 

1*60 

3*25 

4*88 

6*20 

7*95 

8*22 

8*50 

9*30 

Effect of varying Bromine Concentration . 









Fall of titre after 

(mins.) 



Cone, of 

Initial 

_____ 








bromine. 

titre. 

20. 

30. 

40. 

50. 

60. 

70. 

80. 

90? 

0-474M 

18*96 

6*75 

11*28 

14*18 

16*12 

17*32 

18*10 



0-260M 

10*38 

1*48 

2*98 

4*45 

5*62 

7*12 

7*88 

8*72 

9*22 

O'USM 

5*92 

0*35 

0*70 

M0 

1*68 

2*28 

2*82 

3*38 

3*85 


Effect of Inhibitors .—The substances used were the purest speci- 
mens obtainable, further purified in many eases by the usual 
methods. 
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Time (mins.) required 
for fall in titre of 



Cone. (M) 

Initial 

„ - 

--*- 

.. N 

Substance added. 

(±0*001). 

titre. 

2 c.c. 

6 c.c. 

9 c.c. 

Quinoline. 

.. 0*006 

10*25 

6960 

7080 

7320 

Sodium acetate . 

.. 0*005 

10*55 

1200 

1320 

1530 


.. 0*0025 

10*42 

555 

630 

795 


.. 0*0005 

10*25 

45 

90 

135 

Pyridine . 

.. 0*005 

12*75 

495 

585 

630 

Dimethylaniline . 

.. 0*005 

9*82 

255 

495 

735 

Triethylamine. 

.. 0*005 

10*75 

165 

375 

660 

Diethylamine . 

.. 0*005 

10*35 

105 

210 

360 

isoQuinoline . 

.. 0*009 

10*12 

90 

315 

— 

Ammonium acetate . 

.. 0*005 

10*45 

60 

105 

150 

Methylamine . 

.. 0*005 

10*30 

60 

135 

240 

Ethylamine. 

.. 0*005 

10*42 

45 

105 

195 

Sodium bromide. 

.. 0*005 

10*15 

285 

525 

840 

Potassium bromide . 

.. 0*0055 

10*35 

240 

480 

780 

Sodium chloride . 

,. Trace 

10*35 

180 

510 

900 

Sodium benzenesulphonate . 

• • » 

10*25 

60 

120 

300 


Effect of Nitric Acid and of Acetyl Nitrate. —A solution of pure 
nitric acid (prepared from pure potassium nitrate and pure sulphuric 
acid) in acetic acid (m. p. 16-4°) was freed from nitrous acid by 
aspiration with purified air (Gray, loc. cit.) and estimated in a Lunge 
nitrometer. 0*05 C.c. of this solution and 0-3 c.c. of bromine were 
made up to 25 c.c. at 25° with acetic anhydride, giving HN0 3 — 
0*003if. The titre of 2 c.c. of this solution was as follows : 

Time (days) . 0 3 5 7 10 17 

Titre (c.c.) .. 10*55 10*40 10*40 10*25 9*95 9*55 

0*1 C.c. of acetyl nitrate, prepared as described by Pictet and 
Khotinsky (Corwpt. rend., 1907, 144, 210), b. p. 27°/30 m, and 
0-3 c.c. of bromine were made up to 25 c.c. with acetic anhydride. 
Titre of 2 c.c. as follows : 


Time (days) . 0 14 

Titre (c.c.).. 11*38 11*15 


Propionic anhydride, prepared by fractionation of Kahlbaum 
material (b. p. 166°/771*5 mm.), reacted with bromine as follows : 


Time (hrs.) . 0 

Titre (c.c.) . 9*32 


2 

9*12 


3 

8*18 


5 

7*75 


7 

7*10 


10 

6*40 


With propionic anhydride, to which a little nitric acid (0*03ikf) had 
been added, a titre of 10*05 c.c. fell to 2*85 c.c. in 48 hours. When 
acetic anhydride (0*03Jf) and nitric acid (0*03-M) were both added, 


a titre of 10*98 c.c. fell only to 10*95 c.c. in 5 days. 

Effect of Catalysts and Other Substances .—Solutions of hydrogen 
bromide and hydrogen chloride in the anhydride, pure acetyl 
chloride, and pure acetyl, benzoyl, and propionyl bromides were 
obtained as described by one of us (Watson, foe. cit.). The sulphuric 
acid, ferric chloride, and stannic chloride were purified by distillation 
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or sublimation, and pure iodine and iodine bromide were prepared as 
described in Part I, p. 3094. 


Fall in titre after (mins.) 


Substance 

Cone., 

Initial 

✓- 



—- 



- A 

added. 

M. 

titre. 

10. 

20. 

30. 

40. 

50. 

60. 

70. 

AcBr . 

0-024 

10-38 

1-32 

3*12 

4-90 

6*52 

7-68 

8*52 

9*18 

HBr . 

0-024 

10-25 

1*45 

3*25 

5*15 

6-58 

7*68 

8*55 

9-15 

BzBr . 

0-024 

10-40 

1*42 

3*32 

5-18 

6*75 

7-82 

8*65 

9-30 

AcBr . 

0-109 

11-30 

2*88 

5*52 

7-48 

8*92 

9*80 

10*40 


PrBr . 

0-109 

11-50 

2*92 

5*62 

7-62 

9*02 

9-92 

10*58 


BzBr . 

0-109 

11-10 

2*78 

5-45 

7*38 

8-78 

9*70 

10*22 


AcBr . 

0-240 

10-28 

3-52 

6*32 

8-05 

9-00 

9*65 



HBr . 

0-240 

9-90 

3*68 

6*35 

7-95 

8*85 

9*40 



HC1. 

0-027 

10-10 

0-38 

1*25 

2-92 

4*50 

5*85 

7*05 

7*95 

HC1. 

0-270 

10-15 

0-50 

1*55 

3-25 

4-85 

6*20 

7*35 

8*25 

HC1. 

0-540 

10-28 

0*58 

1*82 

3*35 

5-08 

6*50 

7*60 

8*35 

AeCl . 

0-270 

10-15 

0-25 

1*25 

2-88 

4*42 

5*85 

7*02 

7*85 

AcCl . 

0-540 

10-22 

0-75 

1*72 

3*10 

4-68 

6*02 

7*08 

8*08 

CC1 3 *C0 2 H ... 

0-009 

10-50 

0*45 

1-40 

2*95 

4*70 

6*15 

7*40 

8*22 

CC1 3 *C0 2 H ... 

, 0*048 

10-25 

0-40 

1-32 

2-85 

4*52 

5*92 

7*10 

8-00 

CH 2 Br*C0 2 H 

0-147 

10-40 

0-50 

1*65 

3-10 

4*85 

6*15 

7*38 

8*22 

CH 3 C0 2 H ... 

, 0-450 

10*12 

0-38 

1*80 

3*30 

5-10 

6*58 

7*52 

8*40 

h 2 so 4 . 

. 0-001 

10-30 

1-00 

2-95 

5*15 

6-78 

8*18 

9*18 

9-82 

H 2 S0 4 . 

. 0-002 

10-20 

1-28 

3*40 

5*75 

7*55 

8*98 








Fall in titre after (mins.) 


Substance 

Cone., 

Initial 

„- 



- 



added. 

M. 

titre. 

10. 

15. 

20. 

25. 

30. 

35. 

FeCl 3 . 

0*0012 

10*22 

1-25 

2*68 

4*45 

6*10 

7-85 

9*08 

FeCl 3 . 

.. 0*0024 

10*40 

3*18 

6*50 

9-40 

10*22 



SnCl 4 . 

.. 0-0029 

10*18 

0*78 

1*60 

3*38 

5*40 

7*70 

9*20 

i 2 . 

.. 0-0030 

10*02 

1*72 

3*92 

6*15 

8*22 

9*75 

9*95 

I*. 

.. 0-0060 

9*95 

3*98 

7*60 

9*82 




IBr .. 

.. 0-0006 

10*40 

2*00 

3*90 

6*25 

8*42 

9-80 


IBr . 

.. 0-0012 

10*25 

3*80 

6*90 

9*15 

10*00 



IBr .. 

.. 0-0060 

9*55 

9*52 






IC1 . 

.. 0-0006 

10*28 

0*65 

1*42 

2*50 

3*82 

5*28 

6*68 

IC1 . 

.. 0*0060 

10*32 

5*10 

9*85 






Examination of a Solution of Hydrogen Bromide in Acetic 
Anhydride .—The solution was prepared in the same way as those 
employed in the velocity measurements. A known volume was 
placed in a bubbler standing in a thermostat at 25°, and a measured 
volume of pure, dry air was aspirated through this solution and 
then into standard alkali; the excess of alkali was determined by 
titration, and the bromide estimated as silver bromide. The 
amounts of acetic anhydride and acetic acid aspirated over were 
obtained by blank experiments under identical conditions, the 
proportion of acetic acid in the mixture being calculated from the 
equation HBr + (CH 3 *C0) 2 0 = CH 3 *COBr + CH 3 *C0 2 H. If the 
vapour aspirated into the alkali contained acid bromide and no 
hydrogen bromide, the results would give Mols. acid/Mols. bromide = 
2. The mean of two experiments was as follows : Cone, of HBr = 
1*4 1M. 500 C.c. of air aspirated through 35 c.c. of this solution in 
10 mins. Alkali neutralised = 21 *20 c.c. of N /20. Alkali equivalent 
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to Ac 2 0 and HAc aspirated over = 4*95 c.c. (from blank expt.). 
Alkali equivalent to HBr or AcBr aspirated over = 16*25 c.c. 
Wt. of AgBr = 0-0766 g. Hence, mol. acid aspirated over = 
0-000812, and mol. bromide = 0-000407. Mol. acid/mol. 
bromide =? 1*99. Applied to other similar solutions, the method 
gave the following results : Solution of acetyl chloride in acetic 
anhydride, mol. acid/mol. chloride = 1-98; solution of hydrogen 
chloride in acetic acid, mol. acid/mol. bromide = 0*98. 

Reaction of Acetic Anhydride with Acid Bromides .—Acetic 
anhydride and bromoacetyl bromide in molar proportion were 
slowly distilled in an all-glass apparatus; a considerable quantity 
of liquid distilled at 76—797760-9 mm.; this fraction was added to 
water and the bromine precipitated as silver bromide, giving 
Br, 63-75 (calc, in AcBr : Br, 65*04%); a smaller fraction distilled 
at 137—138°, smelt strongly of acetic anhydride, and was probably 
a mixture of the anhydride with unchanged bromoacetyl bromide 
(%Br as COBr, 26-05; %Br as COBr in bromoacetyl bromide, 
39-6). A fraction of high b. p. remained, probably (CH 2 Br*C0) 2 0, 
which is formed when the mixed anhydride, CH 2 BrC0*0*C0*CH 3 , 
is distilled (Naumann, Annalen, 1864,129, 273). Benzoyl bromide 
(2 mols.) was distilled with acetic anhydride (1 mol.); a large 
fraction, collected at 77—82°/775 mm., gave %Br as COBr, 65*36; 
from the liquid remaining some benzoic anhydride (m. p. 40°) and 
benzoic acid were obtained. 

Reaction of Bromine with Acetic Anhydride and Excess of Acetyl 
Bromide ,—In both experiments, Ae 2 0 = 9*0671f, AcBr = l-898Jf, 
P = 0-01125. Titre in c.c. of iV/50-thiosulphate. 

I. II. 


a 

= 0-0887M. 



a = O0294M. 


Time. 

Titre. 


Time. 

Titre. 

C» 

0 

3 

17*75 

13-35 

0*0827 

0 

6 

5-88 

2-80 

0*0793 

7 

9-10 

0*0808 

9 

1-70 

0*0801 

9 

7-45 

0*0803 

14 

0-35 

0*0813 

16, 

3*32 0*0798 

Mean 0*0809 


Mean 0-0802 


k = 

0*0426 


k = 

0-0423 


Average value of k = 0-04245, giving O' = 0-000906, k f = 0-0001. 


The expense of this investigation was in part defrayed by a grant 
from the Chemical Society’s Research Fund, for which the authors 
desire to express their indebtedness. 

University College of North Wales, 

Bangor. [Received, August 13th, 1927.] 
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CCCXXX .—On the Photobromination of cycloJ? exane. 

By Basil John Wood and Eric Keightley Bideal. 

The photochemical bromination of cyclohexane vapour has been 
studied by Pusch (Z. Elektrochem ., 1918, 24, 336) and Noddack 
(•ibid ., 1921, 27, 359), who showed that approximately one molecule 
of bromine was removed for each quantum of light absorbed. The 
reaction appeared to be the simplest case of photobromination, for 
there was no evidence of chain formation as in the bromination of 
toluene, stilbene, cinnamic and tartaric acids, and possibly hydrogen. 
The majority of these photobrominations possess marked tem¬ 
perature coefficients, a general interpretation for which has been 
given by Pratolongo ( Qazzefta , 1918, 48, i, 121) and Tolman (J. 
Amer. Chem. Soc ., 1923, 45, 2285). The existence of a temperature 
coefficient is believed to be an indication that only those bromine 
molecules already excited, presumably thermally, to a definite 
sub-level are capable of becoming excited to a reacting level on 
absorption of a quantum of the monochromatic radiation employed. 
The existence of a temperature coefficient for this reaction would 
clearly be incompatible with the conclusions of Pusch and of 
Noddack, and the reaction is now shown, in fact, to possess no 
temperature coefficient for the mercury green line. 

In the bromination of hydrogen (Bodenstein and Lxitkemeyer, 
Z. physikal. Chem ., 1924,114, 208) and of stilbene, cinnamic acid, 
and potassium oxalate (Berthoud, Trains. Faraday Soc., 1925, 21, 
557; Helv. Chim . Acta, 1924, 7, 318; see also Ghosh and Purka- 
yestha, J. Indian Chem. Soc., 1926, 261), the rate of reaction is 
claimed to be proportional to the square root of the light intensity 
and thus to indicate that the reaction involves the formation of 
bromine atoms according to the reaction 

Br 2 + Av —>• 2Br.(1) 

Berthoud (foe. cit.) suggests the following mechanism 

A + Br —ABr ...... (2) 

ABr + Br 2 —ABr 2 + Br .... (3) 

2ABr—^ 2A + Br 2 or ABr 2 + A .... (4) 

and deduces the relationships d[ABr 2 ]/dt = iZ*[Br a ] or H*[Br a ]il, 
respectively, for total or weak absorption of the active radiation, 
both rates being independent of the concentration of the acceptor. 
It is difficult to understand how the rate of a photochemical reaction 
involving bromine atoms with a high primary photochemical 
efficiency can vary with the square root of the light intensity. If 
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we equate the rate of formation of bromine atoms by (1) and (3) 
to their rate of removal by (2) and by the following reactions 

ABr + Br—ABr 2 .(5) 

2Br—>■ Br 2 .(6) 

we obtain 

2M 0 [Br 2 ] + & 3 [ABr][Br 2 ] = £ 2 [A][Br] + & 5 [ABr][Br] + & e [Br] 2 . 
The reaction rate is then 

d[ABr 2 ]/d* == jfe 5 [ABr][Br] + & 4 [ABr] 2 + i 3 [ABr][Br 2 ]. 

It is clear that this rate is not proportional to the square root of 
the light intensity unless the rates of the various methods by which 
ABr 2 is formed can be considered as negligibly small in comparison 
with the reaction rate 2Br—>-Br 2 , i.e., with a reaction of low photo¬ 
chemical efficiency. . 

If the reaction is not a chain mechanism, we can, following 
Berthoud, represent it on the atomic view as the sequence of 
reactions (1), (2), (5), and (6). As the concentration of the bromine 
atoms is small, we can equate their rate of formation at any instant 
to their rate of removal, thus, d[Bx]ldt = 2&/ 0 [Br 2 ] — & 2 [A][Br] — 
& 5 [ABr][Br] — & 6 [Br] 2 = 0. Similarly, since [ABr] is small, 
& 2 [A][Br] — & 5 [ABr][Br]; moreover, d[ABr 2 ]/dZ = & 5 [ABr][Br]. 
Bor weak absorption of active radiation we thus obtain 

d[ABx 2 ]/dt = 1cI q [Bx 2 ] - & 6 [Br] 2 /2 = M 0 [ Br 2 ], 

since [Br] is assumed to be small. 

On this view, the reaction velocity will again be proportional to 
the light intensity unless but a small fraction of the bromine atoms 
is removed by the acceptor, in which case the photochemical 
efficiency is small, and the reaction velocity will be dependent on 
the concentration of the acceptor. 

If the reaction takes place between the acceptor and excited 
bromine molecules rather than atoms, we obtain for the rate of 
production of these molecules 

d[Br 2 ']/d« = 4I 0 (1 - 

where a is the extinction coefficient and d the thickness of the 
absorption layer. If t be the life of an excited bromine molecule 
and T the time between successive collisions of the excited molecule 
and the acceptor, the rate of production of the reaction product is 
(compare Turner, Physical Rev., 1924, 23, 464) 

d[ABx 2 ]jdt = M 0 {1 - + t) 

= W 0 [Br 2 ]T/(r + T) 
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for weak absorption. It is clear that this will be independent of 
the concentration of the acceptor if x be large compared with T. 
Since x is of the order of 10" 8 second (possibly larger according to 
Eggert, Physikal. £., 1923, 24, 504), we should anticipate that the 
reaction velocity will not be affected by the concentration of the 
acceptor until this has fallen to a pressure such that T becomes 
comparable with t; this pressure can be calculated from the 
kinetic gas theory to be only some 0*3 mm. Hg in the case of 
cyclohexane. Thus, if the primary photochemical action be either 
the formation of an excited bromine molecule or a dissociation into 
atoms, the reaction rate would be independent of the concentration 
of the acceptor except at very low pressures. We would also 
conclude that for weak light absorption the reaction velocity for 
the bromination of cyclohexane would be strictly proportional to 
the light intensity, a view confirmed by experiment. 

Finally, it is well known that bromination of many substances 
in solution is greatly affected by oxygen, which acts as an inhibitor. 
It was decided to investigate this effect in the case of c^cZohexane, 
because such a quantitative study would give information on the 
mechanism of the bromination process. The most probable hypoth¬ 
esis is that the reaction proceeds through an excited molecule in 
the following steps : 

Br 2 + hv —^Br 2 '.(1 a) 

^6®i2 + Br 2 y C 6 H 12 Br 2 ..... (7) 

C 6 n i2 Br 2 '~^C 6 H n Br'-i-HBr .... (8) 

or C 6 Hi 2 Br 2 + 0 2 > C 6 H 12 + Br 2 + 0 2 + s . (9) 

C 6 H 11 Br / + Br 2 —C 6 H 10 Br 2 + HBr . . (10) 

The excited complex C 6 H 12 Br 2 ' formed in (7) can either decompose 
spontaneously (8), or be deactivated by collision with oxygen (9). 

The rate of formation of excited bromine molecules, for weak 
absorption, is equal to H 0 [Br 2 ]; the formation rate of the complex 
= kI 0 [Bx 2 ]xl(T + t). Since its concentration is small, its form¬ 
ation rate can be equated to its rate of disappearance by reactions 
(8) and (9) with respective velocity coefficients k Q and k Q . The 
reaction rate is determined by the probability of reaction (8), 
which is equal to k B /(k s + & 9 [0 2 ]). Hence the rate of bromination 
is given by 

d[C 6 H u Br]/d< = jfeJ 0 [Br 2 ]-cfc 8 /(T + T)(k 8 + & 9 [0 2 ]) 

There are two alternative ways in which the inhibiting effect of 
oxygen might operate: (a) In the sequence of reactions Br 2 + hv —> 
2Br; + Br—>O^H 12 Br; C^Br + Br—+ 0Br, 
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the bromine atoms, in addition to combining with themselves, 
might be rendered inactive by the reactions Br + 0 2 —>Br0 2 ; 
Br0 2 + Br—>-Br 2 + 0 2 . (6) In the series Br 2 + hv —>*Br 2 '; 

C 6 H 12 + Br 2 '—>-C 6 H n Br + HBr, the activated bromine mole¬ 
cules may be deactivated by the reaction Br 2 ' + 0 2 —^Br 2 + 0 2 , 
as well as by Br 2 '—>Br 2 . In either case, it can readily be shown 
that the inhibition must be dependent on the concentration of the 
acceptor, but since it has actually been found to be independent 
(see Experimental), it follows that these two hypothetical modes 
of operation are eliminated, and that the inhibiting mechanism is 
expressed by equation (9). 

Experimental. 

Pusch and Noddack in their examination of the reaction under 
consideration estimated the rate of removal of bromine by spectro- 
photometric and titration methods, but here the reaction was followed 
throughout its course by measuring the pressure change. Mono¬ 
chromatic light was employed, the green line X = 5460 A. from a 
mercury-vapour lamp and light filter being sufficiently intense to 
give easily measurable velocities. 

The apparatus used is shown in Fig. 1. The reaction vessel used 
at first was a glass cylinder with flattened ends, but in the form 
subsequently employed the ends were of plane parallel glass fused 
on. It is connected by capillary tubes through two taps to reser¬ 
voirs containing bromine and cyclohexane. Two other connexions 
are made—one to the pumps, and the other to the gauge. 

The pressure gauge consists of a sulphuric acid differential 
manometer of fine-bore tubing, connected to a mercury manom¬ 
eter and a large bulb kept in ice which serves to maintain a 
constant pressure. A two-way tap is connected to the gauge 
through which hydrogen and oxygen can be admitted. Exhaustion 
can be effected through a soda-lime tube and liquid-air trap by 
mercury diffusion pumps backed by an oil pump. This is necessary, 
as a high vacuum is required to remove oxygen and the reaction 
products. Connexion can also be made with a water pump when 
required. 

The reaction vessel is contained in a metal box, with plane 
parallel glass faces, through which circulates water from a thermo¬ 
stat constant to within ±0*1°. 

Light from the mercury lamp reaches the reaction vessel after 
passing through (1) a vessel with plane parallel glass faces in which 
cold water removes the infra-red; (2) a filter of saturated potassium 
dichromate solution, to which neodymium magnesium nitrate 
has been added until the yellow line disappears, thus 
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mercury green line (R. W. Wood, “ Physical Optics,” p. 15); and 
(3) an adjustable diaphragm. At first, a small glass mercury lamp 
was used, which was run in series with a resistance of 220 ohms 
from a constant 220 volts supply and took 0*65 amp. This was 
later replaced by a quartz mercury-vapour lamp taking 4 amps, 
with a P.D. of 150 volts, giving much more intense illumination. 

Materials .—The purest obtainable bromine was further purified 
by distilling it twice over potassium bromide and zinc oxide, and 
finally over phosphorus pentoxide in an all-glass system; it was 
stored over phosphorus pentoxide. The cyclohexane was purified 


Fig. 1. 



by repeated shaking with sulphuric acid, and finally by distillation. 
The hydrogen used in the gauge was passed over hot palladinised 
copper and through drying tubes. Oxygen was obtained by 
electrolysis of hot baryta solution and was dried before entering 
the apparatus. 

The tap leading to the bromine reservoir was lubricated with 
a mixture of nujol and paraffin wax, which sufficed for some weeks 
without renewal. The most satisfactory lubricant for the tap to 
the cyclohexane reservoir was a mixture of chlorinated bees 5 wax 
and aniline. 

Method of Operation .—Connexion was first made between the 
water pump and the cyclohexane and bromine reservoirs in turn, 
and a quantity of the vapours was drawn ovpr to remove air present 
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in the reservoirs. This operation was only repeated after the taps 
on these reservoirs had been cleaned out. 

The whole system was evacuated by the diffusion pumps for 
some hours. cycZoHexane and bromine vapours were then admitted 
to the reaction vessel to known pressures, as follows : Pure hydrogen 
was let into the gauge up to the tap T to a measured pressure; 
by regulating the temperature of the cyclohexane, it was then let 
into the system to a slight excess pressure, the tap was shut, 
T opened, and the excess drawn out by turning T 2 until the level 
on the sulphuric acid manometer was the same on both sides. T 
was now shut, more hydrogen was let into the gauge, and bromine 
vapour let into the reaction cell until the pressure was just below 
that in the gauge. T was then opened, T x shut, and bromine let 
in until the pressures on each side were the same. 

The progress of the reaction was followed by observing the 
pressure decrease on the sulphuric acid manometer, T x being turned 
off when measurements were taken. 

As the thermal reaction between bromine and cyclohexane is 
appreciable at the temperatures used, it was necessary to measure 
this in order to ascertain the amount due to the photochemical 
reaction alone. This was usually done by screening off the light 
for a time and measuring pressure decreases due to the dark reaction 
only. Measurements were also made in which the thermal reaction 
was allowed to proceed to completion. 

Before each run the system was evacuated for at least 2 hours. 
The reaction vessel was heated with a Bunsen burner while under a 
high vacuum to remove the reaction products which condensed on 
the cell and cut down the light entering the system. 

The pressures employed (in terms of Hg, to which all measure¬ 
ments are reduced) were about 5 cm. of cycZohexane and 4 cm. of 
bromine, an excess of the former being invariably present. The 
pressure changes finally recorded did not, in general, correspond 
to any definite stage in the bromine substitution, but were some¬ 
what variable. It was therefore necessary to run the reaction to 
completion in each case, the final value being taken as propor¬ 
tional to the amount of bromine present, and bromine concen¬ 
trations at any one time being deduced from the pressure changes 
at that time. 

The following are the results of two typical runs at 30° for the 
dark reaction, which required about 4 hours for completion; k « 
1/L log 10 a I (a — x). Cell A (with flattened ends) was used. 


Press, of bromine vapour (cm.).... 

„ cyclohexane vapour (cm.) ..... 

Press, change for complete reaction, (cm.) ... 


(I.) (H,) 

3*89 3*86 

5*51 M 

1*620 1*470 
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jio_ 



(if) 


t, mins. 

y - 

Press, 
fall, cm. 

a — x. 

— ^ 

k X 10*. 

Press, 
fall, cm. 

a — x. 

k X 10*. 

0 

0*606 

1*014 

— 

0*108 

1*362 

— 

25 

0*907 

0*713 

64 

0*509 

0*961 

60 

50 

1*088 

0*532 

63 

0*801 

0*669 

62 

75 

1*217 

0*403 

57 

0*961 

0*509 

58 

100 

1*320 

0*300 

56 

MOO 

0*370 

55 

125 

1*418 

0*202 

55 

1*198 

0*272 

55 

150 

1*480 

0*140 

57 

1*277 

0*193 

57 

175 




1*326 

0*144 

59 


Mean 59 Mean 58 


The thermal reaction is thus seen to conform to the unimolecular 
law. As the photochemical reaction also conforms to the same 
law, it was thought that this reaction might be due to diffuse day¬ 
light, but blackening of the lead tubes only reduced the coefficient 
to 0*0049, which must be due to a true dark reaction. 

Temperature Coefficient of the Photochemical Reaction .—In these 
experiments, the first lamp mentioned on p. 2470 was used with a 
filter transmitting the green line. The reaction cell was filled as 
before, and removal of a stop let the light into the system. Read¬ 
ings were taken every minute, the light was shut off, and the thermal 
reaction velocity measured. As before, the reaction was taken to 
completion. 


Experiments were conducted at 30° and at 40°, one of the latter 
being recorded as an example : 


Br 2 pressure = 4*41 cm. 

C 6 H 12 pressure = 

= 5*17 cm. cc value = 

•090 cm. 







Green filter. 



t. a — x. h X 10*. 

t. 

a — x. k x 10 4 . 

t . 

a — x. k X 10 4 . 

0 1-937 

8 

1*598 103 

12 

1*451 101 

6 1-718 102 

9 

1*556 105 

13 

1*417 104 

6 1-682 101 

10 

1*522 104 

14 

1*385 103 

7 1-635 104 

11 

1*484 104 


Mean 103 



k for 

thermal velocity = 70 

Press. 

of 





_ , 

k for 

k 

k 

Temp. 

Br a , 

green filter. 

(thermal), (green alone). 

40° 4*41 

5*17 

0*0103 

0*0071 

0*0032 

4*03 

5*27 

0*0106 

0*0070 

0*0036 

30 3*91 

5*07 

0*0099 

0*0066 

0*0033 

4*01 

5*06 

0*0099 

0*0065 

0*0034 


The temperature coefficient of the photochemical reaction is thus 
unity within the limits of accuracy of the experiment. By the use of 
the mercury lamp with no filter, unimolecular coefficients were also 
obtained. Two experiments gave a temperature coefficient of 1*05 : 

Temp. h (total). k (thermal). k (photochemical alone). 

40° 0*027 0*007 0*020 

30 0*025 0*006 0*019 
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The thermal reaction appears to have only a slight temperature 
coefficient. In these experiments, the capillary connexions were 
not blackened. 

The measurement of the thermal velocity coefficient at 100° 
gave a value of k = 0-011. 

The small temperature coefficient of the dark reaction would 
appear to point to this being a surface action rather than a true 
bulk reaction (compare Norrish, J., 1923, 123, 306). Experiments 
with two different reaction cells at 30° gave identical velocity 
coefficients, and the ratio of surface area to volume was the same 
in each case, thus lending support to this view. 

Effect of Intensity of Light. —In this series of experiments, the glass 
mercury lamp was replaced by a quartz lamp giving much more 
intense light. The reaction-cell used had plane parallel glass 
windows. The light intensities were compared by means of a 
thermopile and galvanometer. In making measurements, the 
thermostat cell was removed and the thermopile brought up to 
the same position behind the cell in each case. The intensity was 
varied by altering the distance of the lamp from the system, and 
is given in terms of the galvanometer deflexion. 

Jc X 10K 
«4f} M ean 664 
450) 

440fMean 441 
435j 


Pressure of 


Light intensity. 

, - 

. 

cm. 

Br 2 . 

c«H 12 , 

9-55 

3-73 

5-33 


4-01 

5-09 

6-00 

4-06 

5-02 


4-02 

5-07 


3-91 

5-17 


Separate determination of the thermal velocity coefficient gave 
k » 0-0060. 

Ratio of reaction velocities = (654 — 60)/(441 *— 60) = 1-56. 

Ratio of light intensities = 9*55/6-00 = 1-59. 

The agreement shows proportionality between velocity and light 
intensity. 

Influence of Concentration of cyclo Hexane. —In all the foregoing 
experiments, the original cyclohexane pressure was within 10% 
of 5 cm. No general falling off of the unimoleeular coefficient was 
observed as the cyclohexane concentration was reduced during the 
progress of the reaction, and it would thus appear that the rate is 
independent of the cycZohexane pressure. An attempt was made 
to test this point by using cyclohexane pressures of from 5 to 2 cm. 
with 4 cm. of bromine. With 5 and 4 cm. of cyclohexane^ the total 
pressure changes for complete reaction were approximately the 
same, and the unimoleeular coefficients were identical, corresponding 
to the substitution of 2—3 atoms of bromine ; with >2 
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total pressure changes were less, corresponding either to incomplete 
substitution or to incomplete removal of bromine. The reaction 
was therefore followed by direct measurement of the bromine con¬ 
centration, which, together with pressure measurements, should 
give an indication of the extent of the substitution by bromine. 
This was effected by measurements of the intensity of the emergent 
light with a potassium photoelectric cell. The light from the 
mercury lamp passed through a condensing lens on to a stop placed 
at the focal distance from a second lens, the approximately parallel 
beam being passed through the reaction vessel on to the cell. The 
photoelectric cell was in series with a galvanometer, a high resist¬ 
ance, and a constant voltage of 159 volts. For calibration, galvan¬ 
ometer readings were taken corresponding to bromine pressures 
measured on the sulphuric acid manometer. The reaction could be 
followed by plotting galvanometer deflexions against time. Simul¬ 
taneous galvanometer and pressure readings were made for experi¬ 
ments with various cycZohexane concentrations. It was found that 
the bromine pressure plotted against pressure changes gave a 
straight line—the gradient in all cases corresponding to the sub¬ 
stitution of two bromine atoms in the molecule—thus confirming 
the assumption that the bromine concentration could be taken as 
proportional to the difference in pressure from the infinity value. 
With low cyclohexane concentrations, the pressure change ceased 
before complete removal of bromine, although, for the initial stages 
of the reaction, bromine pressures plotted against pressure changes 
gave a straight line of the same gradient as with higher cycfohexane 
concentrations. 

The table shows values of the unimolecular coefficient (h f — 1 /t. 
log 10 [Br 2 ] 0 /[Br 2 ]f) for the removal of bromine calculated from 
bromine concentrations measured with the photoelectric cell for 
various cycZohexane concentrations. 


: la press., 

Br 2 press., 

k' X 10 4 . 

cm. 

cm. 

7*13 

2-10 

198 

6*10 

2*01 

186 

6*24 

2*26 

182 


C 6 H 32 press., Br 2 press*, 

cm. cm, h' x IQ 4 . 

3-93 1-79 187 

3*12 1*53 178 

2*11 1*96 161 


It will be seen that the rate is independent of the cycZohexane 
concentration within the limits of experimental error. 

Influence of Oxygen .—Preliminary experiments showed that the 
reaction was inhibited by oxygen. The velocity in the presence of 
pressures of oxygen from 0-01 to 1 cm. Hg was measured. Oxygen 
was let into the gauge up to the tap T to a known pressure, diluted 
with hydrogen, and pumped out to a measured pressure (about 
2 cm. Hg); the reaction vessel was evacuated, and the oxygen- 
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hydrogen mixture let in to the system; 5 cm. of cyclohexane and 
4 cm. of bromine were let into the reaction vessel as before, and 
the velocities measured. 

In this series of experiments the capillary connexions were 
blackened; the thermal velocity was measured in the absence of 
oxygen and gave k = 0*0048. The light intensity was kept constant 
throughout. 

The table shows the velocity coefficients for various oxygen pres¬ 
sures. It is to be noted that the reaction still obeys the unimolecular 
law. 


Pressures (cm. Hg) of 

--- 7c Jc 


0 2 . 

C 0 H 12 . 

Br 2 . 

7c. 

(thermal). 

(photochem.) 

0-000 

6-13 

4-14 

0-0403 

0-0048 

0-0355 

0-0083 

6-44 

3-94 

0-0380 

9* 

0-0322 

0-0261 

6*57 

3-87 

0-0300 

*9 

0-0252 

0*046 

6-05 

3-96 

0-0255 

» 

0-0207 

0-070 

5-24 

3-93 

0-0221 

» 

0-0173 

0-116 

5-19 

3-95 

0-0187 

if 

0-0139 

0-49 

6-13 

3-76 

0-0094 

0-0060 

0-0044 

1-05 

4-87 

4-00 

0-0066 

0-0046 

0-0021 


Pig. 2. 



Oxygen pressure (cm. Hg)* 


The thermal velocity coefficient does not diminish for oxygen pres¬ 
sures up to 0*49 cm., but for 1 cm, it appears to fall slightly. These 
results are plotted in Fig, 2 (Curve I). Curve II shows the values of 
oxygen pressure plotted against the reciprocals of the corresponding 
velocity coefficients; it will be seen that a straight line is obtained* 
The inhibition by oxygen can thus be represented by the equation 
(compare p. 2468) 

' * * ; ko + 
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where K is the velocity coefficient in absence of oxygen, ko t is that 
for a pressure of oxygen [0 2 ], and Jc 9 is a constant. From the 
gradient of the curve the value of k 9 /k 8 is found to be 14*8, and the 
values deduced from the velocity coefficients with oxygen equal to 
0*49 and 1*05 cm. Hg were 14*4 and 15*0, respectively, i.e ., agree¬ 
ment with this equation extends up to the highest oxygen pressures 
used. Experiments were not attempted at higher pressures because 
k Qi becomes too small. 

From the value of k 9 /k 8 , it is possible to deduce a value for the 
mean life of the excited complex C 6 H 12 Br 2 / ; when the oxygen 
pressure is expressed in mm. Hg (instead of cm.), k 8 /k 8 = 1*48. 
Now, k 9 /k 8 = (l/y)/(l/T), where t is the mean life of the complex, 
and jF, the time between successive collisions of oxygen and the 
complex (each of which is assumed to be effective in causing de¬ 
activation) for unit oxygen pressure, is given by T = 1 /Ag 2 , where 

A sa 2667v / 27riV r (m 1 + m 2 )/R0m 1 m 2 (Turner, loc. cit.). 

Taking a value of a as 10“ 7 cm. for the mean of the diameters of 
the oxygen molecule and the complex, we obtain T = 21 x 10~ 8 
sec., whence t = 3 X 10~ 8 sec., a value comparable with those 
obtained for excited molecules by other methods. 

Summary and Interpretation of Results. 

In the photobromination of cyclohexane under conditions where 
the light absorption is proportional to the concentration of bromine, 
it is found that the photoreaction has no temperature coefficient 
for light of wave-length X = 5460 A. in the range 30—40°. The 
reaction rate is directly proportional to the light intensity and 
independent of the concentration of the cycZohexane. 

This form of unimoleeular law is shown to be compatible, when, 
as in this case, no chain formation occurs, with two hypotheses : 
(1) the reaction may proceed through the formation of bromine 
atoms, or (2) the primary action may be the formation of an excited 
bromine molecule, the life of which is long compared with the 
time between collisions with a molecule of the acceptor. 

The reaction velocity is reduced by the presence of oxygen. 
The inhibition is found to be independent of the pressure of the 
cyclohexane. The quantitative data lead to the conclusion that 
not atoms but excited bromine molecules are the primary photo¬ 
active constituent; further, that it is not these excited molecules 
but the excited C 6 H 12 Br 2 ' molecules which are deactivated on 
collision with oxygen. The mean life of this complex is ca. 3 X 10*" 8 
sec. The mechanism of the photobromination and inhibition by 
oxygen can accordingly be described by the reactions (1a), (7), (8), 
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(9), and (10) (see p. 2468). The thermal bromination of cycfohexane 
proceeds slowly on the surface of glass at 30°. 

If the following values be taken for the heats (in Cals,) of linking 
in the various reactions employed : C-Br = 62; C-H = 87; 
Br 2 —^2Br = 46-2; H + Br = HBr + 77-7; energy in the radiation 
Nhv = 53-2, it is clear that the excited bromine molecule of energy 
content 53*2 Cals, cannot break a C-H union by impact and subse¬ 
quent transference of its energy alone, but only by forming an 
association complex, which then undergoes rearrangement. From 
the above data we obtain 

CgH-jjj ~f- Br 2 —CgHj-jBr -f* HBr -f- 6*5 
C 6 H 12 + Br a '—>C e H u Br + HBr + 59*7 

The products of reaction thus contain 59*7 Cals. If, as is imagined 
by some (Marshall, J. Physical Chem ., 1925, 29, 842), the hydrogen 
bromide carries away this energy, there seems no reason why there 
should not be reaction chains in this reaction as in the bromination 
of toluene where similar conditions obtain. If, on the other hand, 
the energy is retained by the bromo-derivative, the difference in 
structure between bromocycZohexane and benzoyl bromide may 
account for the difference in reaction; in one, the transfer of 
energy to another bromine-hydrogen complex in the same ring is 
possible, forming dibromoc^/cZohexane; in the other, the energy is 
localised on a side chain and can apparently only be transmitted 
to another molecule on collision. It is hoped to examine the chain 
formation in the photobromination of toluene in the near future. 

Our thanks are due to Messrs. Brunner Mond for assistance in 
defraying part of the experimental cost, and to the Department 
of Scientific and Industrial Research for a grant to one of us 
(B. J. W.) which has enabled us to undertake this investigation. 
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CCCXXXI .—The Preparation and Properties of 
dl- Olyceraldehyde . 

By H, Gordon Reeves. 

The importance of glyceraldehyde is twofold. Not only is it the 
foundation stone on which the stereochemical configuration of the 
carbohydrates is constructed, but also it is regarded as an important 
link in the elusive metabolic chain of chemical reactions by which 
in the animal body glucose is converted into oarbon dioxide and 
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water. Despite this, it has received comparatively little attention 
owing probably to the great difficulty experienced in preparing it 
in a pure condition and to its lability and concomitant sensitiveness 
towards chemical reagents. 

Nearly 70 years ago Van Deen ( Nederl . Tydschr . Oeneesk ., 1860, 
4, Aug.) reported that glycerol, when treated with nitric acid or 
subjected to the passage of an electric current, yielded a fermentable 
syrup which was optically inactive. Since that time, numerous 
attempts have been made to prepare glyceraldehyde by the oxid¬ 
ation of glycerol with various agents or by electrolysis of hydroxy- 
acids, but in every case the yield was most unsatisfactory (for 
summary see Witzemann, J. Amer. Chem. Soc. 9 1914, 36, 1908). 

In 1898, Lobry de Bruyn and Adriani ( Rec . trav. chim., 17, 258) 
made the important discovery that by careful hydrolysis of acralde- 
hyde dibromide, glyceraldehyde could be obtained, and in the same 
year Wohl (. Ber ., 31, 1796, 2394) synthesised the pure aldehyde 
from acraldehyde through glyceraldehyde diethylacetal. In 1914, 
Witzemann (loc, cit.) proved that glyceraldehyde was formed when 
glycerol was oxidised with Fenton’s reagent (Fenton and Jackson, 
J., 1899, 75, 4; Chem. News , 1898, 78, 187); the syrupy product 
was converted into the diethylacetal by Fischer and Giebe’s method 
(Ber., 1897, 30, 3055; 1898, 31, 545), but only 6% of the syrup 
yielded an acetal, the chief impurity being dihydroxyacetone, which 
does not form an acetal. Owing to the presence of by-products, 
the glyceraldehyde, obtained by hydrolysis of the acetal with dilute 
sulphuric acid, could only be crystallised with great difficulty (com¬ 
pare Meyer and Jacobson, “ Lehrbuch der Organische Chemie,” I, 
ii, 157, 171), and the method was too tedious for practical purposes. 

Of the many methods which have been used, that of Wohl is the 
only one which gives glyceraldehyde in a state of purity, entirely 
free from dihydroxyacetone and in reasonable yield. For this 
reason the material used for the present observations was prepared 
directly from acraldehyde (obtained by Moureu's method, Ann. 
Chim., 1921, 15, 158; see also Snellgrove, Thesis, London, 1924) 
in four stages, (1) Acraldehyde was converted into P-chloroprop- 
aldehyde diethylacetal by the action of cold absolute alcohol, 
saturated with dry hydrogen chloride: the yield was greatly 
improved by the addition of anhydrous calcium chloride. (2) The 
elements of hydrogen chloride were removed from the chlorinated 
acetal by distillation with solid potash, with production of acralde¬ 
hyde diethylacetal. (3) This was oxidised by aqueous potassium 
permanganate to glyceraldehyde diethylacetal. (4) The last acetal 
was hydrolysed by means of dilute sulphuric acid, the acid neutral¬ 
ised, and the pure glyceraldehyde caused to crystallise from the 
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concentrated liquor by the addition of methyl alcohol and ether. 
Each of the four stages proceeds smoothly, but, although the yields 
have been improved in the present research, they are not good. 

Glyceraldehyde, as thus obtained, is a white, non-hygroscopic, 
slightly sweet powder, which crystallises from aqueous methyl 
alcohol in colourless, pointed needles. Analysis and the m. p. of 
its p-bromophenylosazone (168°) showed it to be pure (Wohl, loc . 
cit ., gives m. p. 168°). 

As a basis for the space representation of the sugars, the uni- 
molecular formula (I) for glyceraldehyde is always adopted, but 
Wohl and Neuberg (JSer., 1899, 32, 1352; 1900, 33, 3095) showed 
by cryoscopic determinations that it was bimolecular (compare 
glyeollaldehyde and dihydroxyacetone) and ascribed to it the 
formula (II). In aqueous solution, the aldehyde gradually assumes 
the unimolecular form. In view of the importance of these observ¬ 
ations, molecular-weight determinations were repeated with par¬ 
ticular care, and the results of Wohl and Neuberg were confirmed. 

In preparing the glyceraldehyde for this research, it was noted 
that the transparent syrup obtained by the hydrolysis of its diethyl- 
acetal had most unexpected properties. After standing over-night 
in a vacuum desiccator, the syrup showed a white opalescence; 
24 hours later it had become very viscous and perfectly opaque. 
These phenomena were noted on only one occasion by Witzemann 
(J. Amer. Ghent . Soc ., 1914, 36, 2223) in his repetition of Wohl’s 
synthesis, and his use of the term e< colloidal ” in this connexion 
was unsupported by any evidence. It seemed necessary, therefore, 
to investigate the molecular complexity of the aldehyde in these 
various states. The transparent syrup was found to be enolic and, 
in aqueous solution, unimolecular; the following scheme is therefor© 
suggested as a possible mechanism for the changes described above : 

ch 2 (oh)'C:ch-oh 

fCHjj'OH CH 2 (OH)-CH-CH-OH 

2 9H-OH - — () 0 

CHO CH(0H):C-0H 2 -0H CH(OH)-CH-CH 2 -OH 

(I, Unimolecular (Enolic form.) (II. Bimolecular form.) 

form.) 

In support of this scheme, the possibility of the formation of a 
stable six-atom compound from an enol, recently substantiated by 
Sidgwick (J., 1925, 127, 907), may be cited. The crystalline bi¬ 
molecular glyceraldehyde, after repeated crystallisation, was shown 
by K. H. Meyer’s method (Annalen, 1911, 380, 212; Meyer and 
Kappelmeier, Ber., 1911, 44, 2718) to contain a trace of the enol. 

Fischer and Tafel (Ber. } 1887, 20, 2566) showed that crude 
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l (loo. cit .) found that pure glyceraldehyde in presence 
3ic potash solution readily condensed to (3-acrose and 
split up into dihydroxyacetone. Nef ( Annalen , 1907, 
910, 376, 1; 1914, 403, 204) showed that the first step 
of dilute alkali on all carbohydrates was the production 
3d enols, which then underwent decomposition by fission 
le bond. Thus the y8-dienol formed by the action of 
cose breaks down at the ethylene linkage to give glycer- 
The interaction of glyceraldehyde with alkali involves 
e formation of a sodium salt, the metallic atom being 
the carbon atom adjacent to the carbonyl group; this 
ionverted, by elimination of sodium hydroxide, into the 
erivative, and the latter is finally converted into the 

ppeared likely that in dilute alkaline solution the enolic 
of glyceraldehyde could be detected by the coloration 
s ferric chloride, and, actually, it was found to give a 
ition than glucose under identical conditions. 

in solutions of like concentration have the same 
iex, and tables have been prepared for sugar products 
Sugar J 1907, 9, 481), Geerligs (ibid,, 1908, 10, 68), 
7. Amer . Ghem. Soc., 1908, 30, 1443). It was thought 
metric measurements would provide further proof of 
of the enol in alkaline solution, and the results fulfilled 
itions both for glucose and for glyceraldehyde. 
ace of the enolic modification of glyceraldehyde in 
fcion elucidates the mechanism of acrose formation as 
Schmitz (Bor., 1913, 46, 2327). The reaction is not, 
auto-condensation of glyceraldehyde, but its condens- 
hydroxyacetone, which may be assumed to result from 
:m of the aldehyde : 

CH 2 -0H^ 

CH-OH 

9h 2 -oh^ J ho 

CH*OH XV 

CH 2 -OH, 

>lic form of glyceraldehyde was present in alkaline 
been foreshadowed, since Fischer {Bar., 1895, 28, 1149) 
it “ sodium glucosate,” formed by the action of sodium 
glucose, had the structure 
OH-CH 2 -[CH-OH] 3 -C(OH):CH-ONa, 


OH 2 -OH 

CH-OH 

CH-OH 

CH-OH 

CO 

ch 2 -oh 



Hj 


I 
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and Wohl and Neuberg ( loc . cit.) postulated an unsaturated alcohol 
of the type X*C(OH)*CH>OH as an intermediate phase in the con¬ 
version of glyceraldehyde into (3-acrose under the influence of dilute 
alkali. The existence of this unsaturated labile form is now definitely 
proven. 

The close resemblance between glyceraldehyde and glucose in 
chemical properties suggests the possibility of either a 1 :2- or a 
1 :3-oxide structure rather than the generally accepted straight- 
chain aldehydic form. 

Owing to its extreme lability, glyceraldehyde has hitherto resisted 
attempts to methylate it completely, but the work is being con¬ 
tinued, and it is hoped to publish the results shortly. From the 
preliminary work, it would appear that glyceraldehyde falls into 
line with other sugars in its resistance to propylene-oxide formation. 

Experimental. 

Preparation of Glyceraldehyde. —p -Chloropropaldehyde dieihylacetal. 
To absolute alcohol (2 mols.), cooled in an ice-bath, powdered 
anhydrous calcium chloride (£ mol.; excess should be avoided) was 
added, and acraldehyde (1 mol.) admitted in small portions at a 
time with continuous shaking. Dry hydrogen chloride (1 mol.) was 
now bubbled through the mixture, the temperature of the bath 
being kept below 5°; the mixture, which became yellow, was kept 
for 24 hours, during which it separated into two layers. The lower 
oily layer was drawn off, neutralised with finely powdered sodium 
bicarbonate, and dried over solid potassium hydroxide without 
removing the alcohol. Small quantities of the oil were recovered 
from the supernatant liquor by passing further quantities of hydrogen 
chloride. The yield was 90% of the theoretical. The pale yellow 
oil so obtained had a characteristic but not unpleasant odour. 

Acraldehyde diethylacetaL (In this preparation exact adherence 
to the specified conditions is essential.) To 200 g. of the above 
crude oil in a 1-litre copper flask, 400 g. of pure, dry, finely powdered 
potassium hydroxide were added slowly in small quantities at a 
time with vigorous shaking and cooling. The mixture was then 
distilled very slowly through a three-bulb Young fractionating 
column; the main bulk passed over between 120° and 130°. This 
was dried with potassium carbonate and redistilled, the fraction 
distilling between 120° and 128° being collected (yield, 70%), The 
acraldehyde acetal was a colourless, mobile liquid with an agree¬ 
able ester-like odour, slightly soluble in water, but miscible in all 
proportions with alcohol and ether. It is readily hydrolysed in the 
cold by dilute hydrochloric acid. 

Glyceraldehyde diethylacetaL The acraldehyde acetal (100 g.Jyvaa 
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emulsified by vigorous shaking with distilled water (1200 c.c.), and 
the whole cooled to 0°. To the cold emulsion was added, drop by 
drop with continuous and vigorous shaking, the calculated quantity 
of a 4% aqueous potassium permanganate solution. The mixture, 
after being kept for 12 hours at 0°, was heated for J hour on the 
water-bath and filtered from the precipitated manganese dioxide, 
which was well pressed and then twice washed with 50 c.c. of warm 
water. The warm filtrate and washings were treated with potassium 
carbonate solution (500 g. per litre) and immediately cooled; the 
glyceraldehyde diethylacetal, which separated as a yellow oil on 
the surface of the liquor, was removed, and the lower aqueous layer 
extracted four times with ether. The oil and the extracts were 
combined, and the ether was removed. The residual acetal was 
redistilled under diminished pressure, b. p. 130°/20 mm. A small 
amount of unchanged acraldehyde acetal can be recovered. The 
yield of glyceraldehyde diethylacetal is variable; in no case was 
it greater than 60%, and in one experiment it fell to 30% for no 
accountable reason (Wohl and Neuberg reported 40%; Witzemaim, 
54%). The loss here cannot be explained, since the oxidation itself 
proceeds quite smoothly. 

The acetal is a colourless, viscous liquid with a caustic taste. It 
is miscible with water, alcohol, and ether, and is readily hydrolysed 
by dilute mineral acids. Its aqueous solution reduces Fehling’s 
solution in the cold, and in acetic acid it gives a phenylosazone. 

dl -Glyceraldehyde. 55 6. of the acetal were dissolved in A/IO- 
sulphuric acid (550 g.) and kept at room temperature for 48 hours, 
then at 38° for 24 hours, and allowed to cool. The acid was exactly 
neutralised with the calculated weight of barium hydroxide, and 
the whole kept for 2 hours. The precipitated barium sulphate was 
filtered off and washed with a minimum volume of water. The 
filtrate was concentrated at 40° in a vacuum over calcium chloride. 
The further small amount of barium sulphate which had separated 
when concentration was half completed was filtered off, and con¬ 
centration continued. Success in crystallisation depends on the 
complete removal of water from the syrup. After one month, a 
pale yellow, transparent syrup was obtained, which on standing 
over-night in the vacuum desiccator showed a white opalescence, 
and after a further 24 hours became creamy and opaque. Tritur¬ 
ation with small amounts of pure ice-cold methyl alcohol containing 
1% of ether caused immediate separation of the crystalline glycer¬ 
aldehyde; yield, 60% of the theoretical. (Excess of ether must 
be avoided, otherwise the product is sticky.) 

Properties .—-The glyceraldehyde was obtained as a white, non- 
hygroseopic, slightly sweet powder, m. p. 133°; after being washed 
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with methyl alcohol, dried on porous tile, recrystallised from 40% 
aqueous methyl alcohol, and dried over phosphorus pentoxide in a 
vacuum for one week, it had m. p. 138*5° (Wohl gives 138°, and 
Witzemann 142°), unaltered by further recrystallisation and desicc¬ 
ation (Found: C, 39*8; H, 6*7. Calc. : C, 40*0; H, 6*7%). It 
crystallises from aqueous methyl alcohol in short, colourless needles, 
which are sparingly soluble in water, ethyl alcohol, and ether, and 
decompose above their m. p. to a sticky, brown, caramel-like mass. 
Its p-bromophenylosazone melted at 168°. 

To the properties already described (Abderhalden, “ Biochemisch.es 
Handlexikon,” II, 1911) may be added the following : It is insoluble 
in benzene, petroleum, and pentane. Its solubility in water at 18° 
is 3 g. per 100 c.c., and it has dJJ 1*455. 

Molecular-weight Determinations .—(a) The crystalline solid . A 
freshly prepared solution containing 0*1480 g. in 25 c.c. of water 
gave A = 0*061°, hence M = 180*6. After the solution had stood 
for one week, A was found to be 0*122°, hence M = 90*3. Thus 
dissociation into the unimolecular form occurs in aqueous solution. 

(b) The transparent syrup , from which the crystals separated, is 
apparently unimolecular : 0*1204 g. in 25 c.c. of water gave A = 
0*097°; M = 92*4. 

The Action of Alkalis and the Existence of an Enolic Modification .— 
Cold dilute sodium hydroxide (both N /10 and N) readily dissolves 
glyceraldehyde, which passes through all the various changes 
described by Nef, finally giving (3-acrose, polysaccharides, and 
lactic acid. The alkaline solution resinifies gradually on being 
warmed. The aldehyde is less soluble in 50% sodium hydroxide 
and rapidly resinifies in the hot solution. Its behaviour with alkali 
is thus similar to that of other aliphatic aldehydes. 

Colorimetric Measurements with Ferric Chloride Solution. —5 C.c. 
of 1% aqueous solutions of glucose and glyceraldehyde were each 
kept at 38° for 10 minutes; 5 c.c. of 0*1% caustic soda solution 
were then mixed with each, and the mixtures were kept at 38° for 
a further 10 minutes. On the addition of 1 c.c. of 10% aqueous 
ferric chloride, the glyceraldehyde solution showed a deeper red 
coloration than did the glucose solution, and therefore apparently 
contained a higher percentage of the enolic form. A quantitative 
estimation was then made with the colorimeter: 1% Aqueous 
solutions of glucose and glyceraldehyde were used; 2 c.c. of each 
were kept for 10 minutes at 38° with 7 c.c. of N /10-sodium hydroxide. 
To each was added 1 c.c. of 0*1% aqueous ferric chloride, and the 
solutions were cooled to room temperature. 

The readings on the colorimetric scale were 146 and 1*15 for 
glucose and glyceraldehyde, respectively. Hence, the ratio cd enol 
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in glyceraldehyde to that in glucose = 1*27 :1. Similar results 
were obtained with several different preparations. 

Refractometric Measurements. —Readings were taken with a 
Pulfrich refractometer at 20° with sodium light. The following 
solutions were prepared: 

{a) Neutral solution. 2 C.c. of 1% glucose solution were warmed 
at 38° for 5 minutes with a mixture of 2 c.c. of N /10-hydrochloric 
acid and 2 c.c. of Nj 10-sodium hydroxide, and cooled to room 
temperature. 

(b) Acid treatment. As in (a), but the alkali was not added until 
after the cooling. 

(c) Allcali treatment. As in (a), but the acid was omitted until 
after the cooling. 

(d) A 1% aqueous solution of glucose, as a standard. 

Solutions similar to {a) } (6), (c), and (d) were prepared with glycer¬ 
aldehyde. The readings obtained show that there is a decrease of 
2' in the angle of refraction of both glucose and glyceraldehyde in 
alkaline solution, indicating the production of an unsaturated form. 
These results were confirmed on several occasions with different 
preparations. 


Nature of solution. 
( d ) Aqueous (1%) . 

(а) Neutral (J%) . 

(б) Acid (|%) . 

(c) Alkaline (1%). . 


Glucose. Glyceraldehyde. 

67 ° 2 ' 67 ° 2 ' 

67 ° 9 ' 67 ° 8 ' 

67 ° 9 ' 67 ° 8 ' 

67 ° 7 ' 67 ° 6 ' 


There is no change in the refractive index of the glyceraldehyde 
solution after standing for one month. 

Prom ( d ) the refractive index for a 1% solution = 1-33412, 
whereas that for water is 1*33311 under the same conditions. Hence 
[-RjJd = 19*2 (calc, for C 3 H 6 0 3 : 19*14; for enolic form: 20*08), 
showing that in aqueous solution no appreciable amount of the 
enolic form exists, a fact which is substantiated in that ferric 
chloride gives no coloration. 

Bromine Titration for Estimation of the Enol .— A suspension of 
glyceraldehyde in chloroform slowly decolorises a cold solution of 
bromine in the same solvent. An alcoholic solution of glyceralde¬ 
hyde rapidly decolorises alcoholic bromine at —7°. 

The bromine titration was carried out as follows : A solution of 
0*1 g. of glyceraldehyde in 250 c.c. of absolute alcohol was cooled 
in ice and salt for \ hour. Ice-cold N /10-alcoholic bromine solution 
was run in slowly from a burette until the yellow colour of the 
bromine just persisted (10—12 c.c. usually); 2—3 c.c. of a 10% 
alcoholic solution of p-naphthol, freshly prepared, were added to 
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remove the excess of bromine, followed by 15 c.c. of 10% potassium 
iodide solution, and the mixture was boiled on the water-bath for 
10 minutes. The resulting pale yellow solution was cooled and 
titrated against N /100-sodium thiosulphate (usually 1—2 c.c.). The 
average of four experiments gave enol = 0*54%. 

An alcoholic solution of the syrup from which the solid glycer- 
aldehyde was obtained readily decolorised alcoholic bromine 
solution. Bromine titrations on this syrup (0-1 g. in 50 c.c. of 
absolute alcohol) gave 5-7% of eiiol (mean of four experiments). 

These results show that, although the crystalline form of glycer- 
aldehyde is contaminated with a little enol, the syrup from which 
the crystals are obtained contains ten times as much. 

The author expresses his thanks to the Royal Society for a grant 
which has partly defrayed the cost, also to Dr. R. H. Pickard, 
F.R.S., in whose laboratory the acraldehyde was prepared, to Pro¬ 
fessor W. N. Haworth for his interest, and to Dr. J. A. Hewitt for 
suggesting the work and for advice throughout its progress. 

Kino’s College, W.C. 2. [J Received, August 13^, 1927.] 


CCCXXXII .—Examples of Feeble Activation of Certain 
Extended Conjugated Systems by Doubly Bound 
Oxygen. 

By Robert Robinson and Ahmad Zaki. 


Although it has recently been shown (Moore and Tucker, J. Amer. 
Ghem. Soc ., 1927, 49, 258) that one of the products of the sulphon- 
ation of cinnamic acid is the m-derivative, there is a mass of evidence 
demonstrating the op-orienting influence of ethenoid and benzenoid 
groups. It is therefore surprising to find this contested by Baker 
and Wilson (this vol., p. 843), especially on the basis of the facts 
summarised in the scheme below dealing with the results of nitration 
experiments. 


Ph’CH:CH-N0 2 

(meta, 2%) 


Ph-C(N0 2 ):CH-C 6 H 4 -N0 2 

(meta, 21%) 


Ph-CH 2 -CH 2 -N0 3 

(meta, 13%) 


Ph-CH/NOs 
(meta, 50%) 


The first three cases are quoted by Baker and Wilson, and instead 
of phenylnitromethane they mention its dimethyl derivative, 
Ph'CMeg'NOg (meta, 29%). This comparison is not just, because 
the electron displacement due to the methyl groups must, in accord¬ 
ance with the theory of Allan, Oxford, Robinson, and Smith (J., 
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1926, 401) (adopted by Baker and Wilson), have an op-orienting 
effect. Again the nitroxyl group in the p-nitrobenzylidenephenyl- 
nitromethane should have a weak ra-directive influence. The 
disparity, 21—29, in itself indicates the op-influence of the un¬ 
saturated group, whilst the disparity 21—50 demonstrates it. 
The argument may be stated as follows. The substitution of 
nitroxyl for hydrogen in toluene and in the corresponding 
position in nitrostilbene produces a much smaller change in the 
direction of m-orientation in the latter case. Therefore the op- 
directive power of •CH!CH*C 6 H 4 *hT0 2 is greater than that of *0113. 
Thus the actual evidence put forward by Baker and Wilson leads 
to a conclusion diametrically opposed to that which they draw. 

The view advanced by Baker and Wilson is that the effect of 
the positive change of the nitro-group in co-nitrostyrene may con¬ 
ceivably be neutralised in the adjustable electric field of the un¬ 
saturated centre. Unless the whole unsaturated group has a real 
net negative charge, this does not appeal as sound electrostatics; 
and if it has a negative charge, as the result of interaction with 
the surroundings, then ipso facto it would be op-directive. The 
op-directive effect of unsaturated groups may be deduced, not 
only from such widespread phenomena as the op-substitution of 
diphenyl and derivatives, but also indirectly from the increased 
reactivity of conjugated unsaturated substances in certain direc¬ 
tions and especially towards kationoid reagents (compare, for 
example, K. Meyer and Schoeller, jBer., 1919, 52, 1468, on the 
preparation of an azo-derivative of dimethylbutadiene). An 
interesting example of op-direction by an unsaturated group was 
encountered a few years ago by Miss Margaret D. Scott Murray 
(University of St. Andrews), who nitrated ethyl benzylidenecyano- 
acetate in sulphuric acid solution at — 5° to — 10° by means of 
potassium nitrate (5 mols.). The o- and p-nitro-derivatives were 
alone isolated, although not in good yield, and identified by 
comparison with authentic specimens. 

Our view of the cause of the op-substitution of cinnamic acid 
and similar substances is that it is due to the butadienoid-type 
conjugation of the unsaturated centre with the nucleus as shown 
in the expression (I). 

(!.) <^0^c3> (II.) 

The crotonoid, conjugated polarisation shown in (II) will doubtless 
exist in certain phases of the molecule, but should not lead to 
m-substitution, because in these phases the reaction velocity is 
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greatly diminished as the result of the positive field over the nucleus, 
the reagent being kationoid. If the conjugated polarisation were 
permanent and pronounced, the condition (I) might never be 
realised, but there is reason to believe that the degree of activation 
and coherence of all such systems is small. An excellent example 
is that of wa-nitrotoluene, in the further nitration of which the 
methyl group is able to take complete control (Vorlander has 
shown that the same conditions obtain in quaternary salts derived 
from m-toluidine). Here the methyl group initiates a process 
favouring reaction, whilst the effect of the nitroxyl is to diminish 
the reaction velocity, and although the charges associated with 
the nitroxyl are generally supposed to be much greater than those 
appearing as the result of the small electron displacement caused 
by the methyl group, yet it is obvious that phases must occur in 
which the latter can be effective. The positive field due to the 
nitroxyl is thus considered to undergo variations; whilst it is 
considerable over the nucleus, nothing happens, but when, prob¬ 
ably as the result of the approach of other charges, the shadow 
lifts, the molecule becomes, momentarily, equivalent to one of 
toluene, and substitution in the o- and ^-positions with respect to 
the methyl group occurs rapidly. An analogous conception applies 
to systems like those of phenylnitromethane (with two obvious 
modifications), co-nitrostyrene and cinnamic acid. The weak 
coherence of the unsaturated units (C=C, C=0, N—0, CEEN, 
etc.) in the crotonoid and semi-crotonoid systems is obviously 
better demonstrated by the occasional failure to exhibit their 
characteristic properties than by the absence of an anticipated 
inhibitory effect as in the examples discussed above. We suspect 
that activation of a mixed system comprising the characteristic 
group (CO, N0 2 , etc.), an aromatic unsaturated group including 
an even number of carbon atoms, and an ethenoid group is always 
feeble and have investigated this in three directions. The behaviour 
of the chlorine atom of o- and ^-nitrochlorobenzene, which is 
replaceable by anions, is simulated by that of o-chlorobenzaldehyde 
and o-chlorobenzoic acid. We have tested the degree of reactivity 




of the chlorine atom in the system (III) by attempting a con¬ 
densation with ammonia which might giro a quinoline derivative, 
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This is a stringent test, in view of the facility with which the quin¬ 
oline ring may be constructed, but it gave entirely negative results 
under varied conditions with o-chlorobenzylideneacetophenone and 
ethyl o-chlorobenzylidenecyanoacetate. In the case of o-chloro- 
benzylidenediketohydrindene (IV), a greater reactivity would be 
expected owing to the existence of the two carbonyl groups and 
it was indeed found possible to convert the substance into the 
ketoindenoquinoline (V), although in very small yield. 

a no 2 OMe isro 2 

(YI -> <3 CH:CH 0 N ° ! mI ' ) 

Similar inactivity has been noted in the stilbene derivatives (VI) 
and (VII); the former does not react with p-toluidine as 2 :4-di- 
nitrochlorobenzene does, and the latter, unlike 2:4-dinitroanisole, 
is resistant to hydrolytic agents. The inactivity of 1 :5-dinitro- 
naphthalene, of 2 : 2'-dinitrodiphenyl, and of 2 : 2'-dichloro-6 : 6'- 
dinitro-4:4'-ditolyl towards methyl-alcoholic ammonia at 150° 
(Burton and Kenner, J., 1922,121, 495) also exemplifies the pheno¬ 
menon of limited conjugation. Finally, 6-nitrowosafrole (VIII) 
has been prepared and we find that the methyl group in it is relatively 
inert, because an anhydrocotarninenitrcnsosafrole could not be 
obtained, although 6-nitrohomoveratrole (IX) is readily converted 
into anhydrocotarninenitrohomoveratrole (Robinson and Robinson, 
J., 1914, 105, 1456). 


(VIII.) 


ch 2 < 



,CH:CHMe 

0 , 



(IX.) 


In this case, the dissociating semi-crotonoid system, which the 
molecule formally contains, does not function. 


Experimental. 

Phenyl 2-chlorostyryl ketone did not yield a quinoline derivative 
and was recovered unchanged after heating with alcoholic urea and 
copper powder at 200°, or after boiling with aniline and copper 
powder. Ethyl 2-chloro-a-cyanocinnamate behaved similarly. 

2-o-CMorobenzylidene~l : 3 -diketohydrindene (IV).—o-Chlorobenz- 
aldehyde and diketohydrindene in molecular proportion were 
heated together at 120°; the product, obtained in excellent yield, 
crystallised from alcohol in yellow, prismatic needles, m. p. 130— 
131° (Pound: C, 71*3; H, 3*4. C 16 H 9 0 2 C1 requires C, 71*5; H, 
3*3%). This diketone (2*9 g.), mixed with urea (1 g.), 95% alcohol 
(5 c.c.), copper powder (0*25 g.), and a trace of cupric chloride, 
was heated in a sealed tube at 240—250° for 14 hours. On working 
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up the products from three such experiments, 100 mg. of a weak, 
yellow base, crystallising from alcohol, were obtained. The sub¬ 
stance had m. p. 172—173°, and mixed with ketoindenoquinoline 
(m. p. 176°; Noelting and Blum, Ber 1901, 34, 2470) it melted 
at 174—175°. The substance could not be obtained at all in 
experiments made under less drastic conditions and the degree 
of lability of the halogen in the chlorobenzylideneindandione is 
evidently negligible. 

2'-Chloro-2 : 4:-dinitrostilbene (VI).—A mixture of 2 : 4-dinitro- 
toluene (52 g.), o-chlorobenzaldehyde (40 g.), and piperidine (5 c.c.) 
was heated on the steam-bath until it set to a solid mass. The 
product was broken up and boiled with alcohol, the mixture cooled, 
and the solid isolated. The substance crystallised from alcohol in 
slender, lemon-yellow needles or from ethyl acetate in bright 
yellow, prismatic needles, m. p. 174°, that reflect light of many 
colours (Found: N, 9*4. C 14 H 9 0 4 N 2 C1 requires N, 9*2%). This 
stilbene derivative is sparingly soluble in most organic solvents 
and is most easily crystallised in quantity from acetic acid or by 
the addition of alcohol to a solution in nitrobenzene. The reactivity 
of the chlorine atom could not be demonstrated, the substance 
being recovered unchanged after prolonged boiling with alcoholic 
p-toluidine or after heating with alcoholic ammonia at 100° for 
several hours. Its hot solution in piperidine is brownish-yellow 
and becomes green on cooling; if alcohol is added to the hot solution, 
a copious separation of unchanged material occurs. 

2 : 4:-Dinitro-2'-methoxystilbene (VII).—The preparation was like 
that just described and the product crystallised from acetone in 
reddish-orange, stout, prismatic needles, m. p. 176° (Found: N, 
9*5. C 15 H 12 0 5 N 2 requires N, 9*3%). This substance is more 
sparingly soluble in most solvents than the chlorodinitrostilbene; 
its solutions are yellow and deposit orange needles on cooling. 
All attempts to replace the methoxy-group by NH 2 , NHR, or NR 2 , 
and also to hydrolyse the substance by boiling aqueous and aqueous- 
alcoholic alkalis, were fruitless. 

G-Nitroi&osafrole (VIII).—Bromodihydrosafrole, b. p, 160°/16mm., 
is a heavy, almost colourless oil which was obtained by the action 
of hydrobromic acid (saturated at 0°) on an equal weight of safrole. 
On heating with aniline, it yields isosafrole unmixed with safrole. 
Since isosafrole could not be directly nitrated, the safrole hydro- 
bromide was nitrated and nitro^osafrole obtained from the product. 
Bromodihydrosafrole (20 g.) dissolved in acetic acid (120 c.c.) was 
nitrated by the gradual addition, with cooling, of a mixture of 
nitric acid (30 c.c.; d 1*42) and acetic acid (30 c.c.). The product 
was isolated by means of ether after 20 minutes and boiled for 
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5 minutes with, alcohol (100 c.c.) containing potassium hydroxide 
(10 g.). The solid then precipitated by water crystallised from 
aqueous methyl alcohol in lemon-yellow needles, m. p. 88° (Found : 
C, 58*2; H, 44; N, 7-0. C 10 H 9 O 4 N requires C, 5S<0; H, 4-3; 
1ST, 6-8 %). The substance is readily soluble in most organic solvents, 
giving yellow solutions, and in sulphuric acid, from the bright red 
solution in which it is not recovered unchanged. It yields 6-nitro- 
piperonal, recognised by the preparation of its phenylhydrazone, 
on oxidation with sodium dichromate and hot dilute sulphuric acid. 
Experiments on the condensation of this substance with ethyl 
oxalate in presence of alcoholic potassium ethoxide gave ambiguous 
results; no definite product was isolated. On the other hand, 
condensation with cotarnine in ethyl-alcoholic solution containing 
sodium ethoxide did not occur at all. 

6-Aminoiaosafrole .—-Nitroisosafrole (6 g.) mixed with tin (15 g.) 
and concentrated hydrochloric acid (35 c.c.) was heated on the 
steam-bath until reduction was complete. The amine was extracted 
by ether and isolated as its very sparingly soluble hydrochloride. 
The regenerated base crystallised from light petroleum in colourless 
needles, m. p, 68—69° (Found: C, 67*5; H, 6*2. C 10 H n O 2 N 
requires C, 67*8; H, 6*2%). It is readily soluble in organic solvents, 
and may be diazotised and thereafter coupled with (3-naphthol to 
give a crimson azo-derivative. The hydrochloride separates from 
hot water in colourless needles. Acetamidoisosafrole crystallises 
from alcohol in slender, colourless needles, m, p. 206°, and yields 
an oily dibromide which is converted into 5 : 6-methylenedioxy- 
2-methylindole by treatment with alcoholic potassium hydroxide 
(compare Foulds and Robinson, J., 1914, 105, 1967). 

The University, Manchester. [ Received , July 18 th , 1927.] 


CCCXXXIIL —Derivatives of Ordnol Part L 

By Edmund Lano-ley Hirst. 

It has become apparent, during investigations which are now in 
progress into the structure of certain members of the group of 
lichen acids, that special importance must be attached to the 
isomeric orcylaldehyde monomethyl ethers as intermediate sub¬ 
stances in synthetic work. It was therefore deemed advisable as 
a pre limina ry step to obtain further and more definite chemical 
evidence concerning the orientation of these two isomerides. This 
was effected by studying the condensation products of the two 
methylated aldehydes with acetophenone and with simple sub- 
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stituted derivatives of acetophenone. Under the appropriate 
conditions, orcylaldehyde 5-methyl ether (I) would be expected to 
yield pyrylium salts directly, in the same manner as does resorcyl- 
aldehyde (compare Perkin and Robinson, P., 1907,19,149; Decker 
and von Fellenberg, Ber., 1907, 40, 3815), whereas the isomeric 
3-methyl ether (II) could not do so. When the experiment was 
made, the orcylaldehyde monomethyl ether (m. p. 188°) described 
by Gattermann (Annalen, 1907, 357, 346) failed to yield a pyrylium 
salt either with acetophenone or with acetylanisole, whilst with the 
latter reagent in the presence of alkali it gave the unsaturated 
ketone (III), which did not give a pyrylium salt until demethylation 
had been effected by means of hydriodic aoid. 

The orientation of the original substance as orcylaldehyde 
3-methyl ether (4-hydroxy-2-methoxy-6-methylbenzaldehyde), 
which was previously proposed by Gattermann, is thus confirmed. 
On the other hand, the isomeric orcylaldehyde monomethyl ether 
(eveminaldehyde; Hoesch, Ber., 1913, 46, 886) readily formed 
pyrylium salts when condensed with acetophenone in an acid 
medium and it must accordingly be orcylaldehyde 5-methyl ether (I), 



OMe 



Amongst the compounds investigated, the 4': 7-dimethoxy-2- 
phenyl-5-methylbenzopyrylium salts (IV) obtained from evemin¬ 
aldehyde and acetylanisole were remarkable for their exceedingly 
intense powers of fluoresoence; qualitative comparisons of pyrylium 
salts from the two orcylaldehyde monomethyl ethers and from 
orcylaldehyde indicated that the greatly enhanced fluorescent 
activity of the 4 ': 7-dimethoxy-compounds is connected with the 
simultaneous presence of the two metkoxy-groups in the molecule. 
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The properties and behaviour of all the compounds examined were 
strictly normal and comparable with those of pyrylium salts pre¬ 
pared from resorcylaldehyde or similar substances. Details will be 
found in the experimental section. 

Attempts to prepare the bases corresponding to these pyrylium 
salts led in each case to the isolation of the anhydro-base. Very 
few of these compounds have hitherto been examined in detail on 
account of the difficulty experienced in obtaining them in a crystal¬ 
line condition, and in the present work only one anhydro-base has 
been made to crystallise : 7-hydroxy-2-phenyl-5-methylbenzopyrylium 
chloride gave with sodium acetate a red base (V) which could be 
crystallised (although with difficulty) from its solution in benzene. 
A study of its properties showed that it was a normal example of 
a base of the anhydronium type. Thus it formed, when heated 
with methyl sulphate, a salt of 7-methoxy-2-phenyl-5-methylbenzo- 
pyrylium hydroxide , which was identified by direct comparison of 
the corresponding ferrichloride (VI) with an authentic specimen. A 
similar transformation of the anhydro-base by reaction with methyl 
iodide could not be effected, the failure being due in all probability 
to the insoluble nature of the base. The reaction with methyl 
sulphate renders the base directly comparable with the compound 
(VII) which was isolated in a crystalline condition by Armit and 
Robinson (J., 1925, 127, 1604), and the discovery of this further 
example provides additional experimental evidence in support of 
the views of these authors regarding the structure of anhydronium 
bases. 

Further evidence in support of the constitutional formulae 
assigned to the orcylaldehyde monomethyl ethers has been obtained 
by connecting the present series of experiments with the work of 
Fischer and Hoesch ( Annalen , 1912, 391, 347) on the partly methyl¬ 
ated orsellinic acids. This was accomplished by preparing from 
orcylaldehyde 3-methyl ether the corresponding carbomethoxy- 
derivative, 5-methylcarbonato-orcylaldehyde 3-methyl ether (5-methyl- 
carbonato-3-methoxy-o-tolualdehyde). This substance was oxidised 
in neutral solution by potassium permanganate to give 5-methyl- 
carbonato-3-methoxy-o-toluic acid (5-methylcarbonato-orsellinic 
acid 3-methyl ether), which had been prepared directly from 
orsellinic acid by Fischer and Hoesch (loc. cit .). 

5-Methylcarbonato-orcylaldehyde 3-methyl ether is a photo¬ 
tropic substance, turning deep yellow when exposed to light for a 
few hours and becoming colourless again in the dark. 

The action of alkali on 5-methylcarbonato-orsellinic acid 3-methyl 
ether led to the formation of orsellinic acid 3-methyl ether. The 
alternative formulae suggested by Perkin and Everest ( cc The 
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Natural Organic Colouring Matters/’ 1918, pp. 549 and 551) for 
ramalic acid (one of the commoner lichen acids) require, in the form 
in which they are printed, that orsellinic acid 3-methyl ether should 
be one of the products formed on hydrolysis. But it was found 
by Hesse (J. pr. Chem., 1898, 57, 253; compare Perkin and Everest, 
op . cit.) that everninic acid and not orsellinic acid 3-methyl ether is 
obtained when ramalic acid is hydrolysed. In view of Fischer’s 
work on evernic acid (Ber. y 1913, 46, 3253; 1914, 47, 505), which 
fixes its structure by relating it to lecanoric acid (Fischer and Fischer, 
Ber ., 1913, 46, 1138), the alternative formulae possible for ramalic 
acid should therefore be (VIII) and (IX). Experiments are now in 
progress by means of which it is hoped to be able to make a decision 
between the two. 

Me OH Me OMe 

MeO<^\—CO—0-/~\ HO<^>—CO—^0— 

^tfll HOgbMe X ~0H HOgCMe 

(VIII.) (IX.) 

Experimental. 

Pyrylium Salts from Orcylaldehyde .—(a) Orcylaldehyde (2 g.; 
prepared from orcinol by Gattermann’s method, loo. cit.) and aceto¬ 
phenone (2 g.) were condensed in methyl-alcoholic solution (10 c.c.) 
by saturating the cold mixture with dry hydrogen chloride. The 
crystalline precipitate that appeared after a few minutes (yield, 
almost quantitative) was washed with a little methyl alcohol and 
recrystallised from hot water containing a little hydrochloric acid, 
1-hydroxy-2-phenyl-5-methylbenzopyrylium chloride being obtained in 
long, yellow needles, m. p. 206° (decomp.) after darkening at 170°. 
The perchlorate (orange, rectangular prisms, m. p. indefinite but 
below 245°), iodide (red, rectangular prisms, m. p. 225° decomp.), 
mercurichloride (golden needles, m. p. 229—230° decomp.), and 
ferrichloride (golden-brown needles, m. p. 147—148° decomp. 
Found: C, 44*0; H, 3-3. C 16 H 13 0 2 Cl 4 Fe requires C, 44-1; H, 
3*0%) were prepared from the chloride by the usual methods. 
The behaviour of all the salts was normal. The chloride showed 
no fluorescence in methyl alcohol, but gave an apple-green fluor¬ 
escence with sulphuric acid. 

The corresponding anhydro-base (V) was precipitated by sodium 
acetate from a hot solution of the chloride in water. It was 
obtained crystalline on very slow evaporation of its solution in 
benzene, as dark red needles, which sintered and melted with decomp, 
at 156—165° (Found : C, 81*4; H, 5*5. C^H^Og requires C, 81*4; 
H, 5*1%). The base was very slightly soluble in water and sjbo^ed’ 
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a slight fluorescence in methyl alcohol. Boiling hydrochloric acid 
regenerated the chloride (m. p. 206°). The dry base did not react 
with methyl iodide in boiling benzene. When, however, the base 
was heated for 2 hours at 120° with an excess of freshly distilled 
methyl sulphate, reaction ensued and on addition of a mixture of 
hot water and hydrochloric acid, saturated with ferric chloride, 
7 -meihoxy-2-phenyl-o-methylbenzopyrylium ferrichloride was precipit¬ 
ated. This crystallised from acetic acid in golden-yellow, rect¬ 
angular plates or needles, m. p. 181° (decomp.), and was identified 
by direct comparison with an authentic specimen (see below) 
(Found: C, 45-5; H, 3*6. C 17 H 15 0 2 Cl 4 Fe requires C, 45*4; H, 
3-3%). 

(b) Orcylaldehyde and acetylanisole gave in good yield, under 
conditions similar to the above, 1-hydroxy-k'-metlioxy-2-phenyl- 
5-methylbenzopyrylium chloride . This was insoluble in dilute hydro¬ 
chloric acid and crystallised from methyl alcohol-dilute hydro¬ 
chloric acid in red needles, m. p. 242—243° (decomp.) after darken¬ 
ing at 22 5° (Found : C, 61*6; H, 5*7. C 17 H 15 0 3 C1,1|H 2 0 requires 
C, 61*9; H, 5*5%). The iodide (microscopic, red prisms, m. p. 
235—236° decomp.) was insoluble in all the solvents tried, whereas 
the ferrichloride (yellow needles or elongated plates, m. p. 149— 
150° decomp.) was much more readily soluble in acetic acid than 
the corresponding 7-hydroxy-2-phenyl-5-methylbenzopyrylium 
ferrichloride. The chloride fluoresced strongly in sulphuric acid 
and in methyl alcohol and weakly in water and in acetic acid. 

Pyrylium Salts from Everninaldehyde (Orcylaldehyde 5-Methyl 
Ether), —Hoesch’s orcylaldehyde monomethyl ether (eveminalde- 
hyde, Ber., 1913, 46, 886) (2 g.) was dissolved in methyl alcohol 
(10 c.o.) containing acetophenone (2 g.), and dry hydrogen chloride 
was passed into the cooled solution. A brown, crystalline precipitate 
(2*5 g.) separated after a few minutes. This was filtered off, washed 
with cold methyl alcohol, and recrystallised from hot dilute hydro¬ 
chloric acid, thus giving needles, m. p. 173—174° (decomp.), of 
l-7Mthozy-2-phenyl-5*methylbenzopyrylium chloride containing 11 
molecules of water of crystallisation (Found: C, 65*3; H, 6*05. 
C 17 H 15 0 2 a,HH 2 0 requires C, 65*1; H, 5*8%). The iodide (red, 
microscopic needles, m. p. 191—192° decomp.) and the ferrichloride 
(needles or rectangular plates from acetic acid; m. p. 181—182° 
decomp., after softening at 177°) were prepared in the usual way 
from the chloride. All the salts gave an intense apple-green fluor¬ 
escence in water, methyl alcohol, or sulphuric acid. 

Everninaldehyde, when condensed in a similar manner with 
acetylanisole, gave 4': 7 -dimethoxy-2-phenyl-5-methylbenzopyrylium 
chloride, which crystallised from dilute hydrochloric acid in light 
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red needles, m. p. 214—215° (decomp.) (Found: C, 62*9; H, 5*9. 
C 18 H 17 0 3 CUpi 2 0 requires C, 62-8; H, 5*8%). The ferrichloride 
crystallised from acetic acid in yellow needles, m. p. 177° (decomp.*). 
The chloride and the ferrichloride gave a very intense apple-green 
fluorescence in all solvents. 

Condensation of Orcylaldehyde 3-Methyl Ether with Acetylanisole .— 
When Gattermann’s orcylaldehyde 3-methyl ether (m. p. 188°) 
(2 g.), acetylanisole (1-9 g.) } and potassium hydroxide (2 g. in 3 c.c. 
of water) were heated on the water-bath for 3'| hours in methyl- 
alcoholic solution (20 c.c.), condensation occurred to give p -anisyl 
A-hydroxy«2-methoxy-Q-methylstyryl ketone (III). Addition of water 
then gave an oil (decomposition products) and from the decanted 
liquor, on cooling, crystals of the ketone separated in yellow needles, 
m. p, 194—195° (Found: C, 64-8; H, 6*5. C 18 H 18 0 4 ,2H 2 0 
requires 0, 64*7; H, 6-6%). The action of hydriodic acid on this 
substance led to demethylation followed by condensation to a 
pyrylium salt which showed an intense green fluorescence in con¬ 
centrated sulphuric acid. 

5-Methylcarbonato-orcylaldehyde 3-Methyl Ether .—Orcylaldehyde 
3-methyl ether (5 g.) was dissolved in 50 c.c. of acetone and treated 
with methyl chloroformate (4 c.c.). The solution was cooled in 
ice and shaken vigorously during the addition of 60 c.c. of N-sodium 
hydroxide. An oil separated which was washed several times with 
cold water and soon solidified. This material crystallised from 
dilute acetone in long, colourless, phototropic needles, m. p. 80—81° 
(Found : C, 58*8; H, 5*2. C n H 12 0 5 requires C, 58*9; H, 5*4%). 

5-Methylearbonato-orcylaldehyde 3-methyl ether (5 g.) dissolved 
in acetone (25 c.c.) was treated gradually with a solution of potassium 
permanganate (6 g. in 100 c.c. of water containing 5 g. of crystallised 
magnesium sulphate), the temperature being maintained at 45°. 
The precipitated oxides of manganese were then removed by means 
of sulphur dioxide in the usual way. A quantity of oil separated 
from the clear solution, followed by a slow crystallisation of 5-methyl- 
carbonato-orsellinic acid 3-methyl ether. Recrystallisation from 
ligroin-ethyl acetate gave the pure compound in colourless needles, 
m. p. 144° (yield, 2 g.). This substance yielded orsellinic acid 
3-methyl ether when hydrolysed by Fischer and Hoesch’s method 

(1/OCm Clt.), 

Universities or Manchester and 
Birmingham. 


[Received^ Auqust 22th^ 1927.] 
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CCCXXXIV .—The Nature of the Supposed 
Dimethiodide of Trimethylene Sulphide . 

By George Macdonald Bennett and Alfred Louis Hock. 

In reviewing the organic compounds of nitrogen and sulphur from 
the point of view of the octet theory, Langmuir {J. Amer. Ghent. 
Soc. 9 1920, 42, 274) mentioned the dimethiodide of trimethylene 
sulphide (Grischkevitsch-Trochimovski, J. Russ. Phys. Ghent. Soc., 
1916, 48, 880) as the only substance known of the type [SR 4 ]I 2 , 
the sulphur atom forming the centre of a positive bivalent ion. 
Although this compound can be satisfactorily formulated in accord¬ 
ance with the electronic theory of valency, no reason was apparent 
why this (together with the corresponding derivative of 2-methyl- 
tetramethylene sulphide) should have been the only dimethiodide 
of a sulphide to be isolated. We thought it desirable, therefore, 
to examine the substance in greater detail and to prepare other 
salts derived from this novel type of ion. 

In the course of these experiments, we have found that the 

substance does not possess the structure 

attributed to it. It was stated explicitly by Grischkevitsch-Trochi¬ 
movski that the two atoms of iodine in the molecule of the com¬ 
pound are equally ionic, but we were led to doubt this by the 
observation that only half the iodine is immediately precipitated 
by silver nitrate in cold aqueous solution, the rest being thrown 
down when the solution is boiled. This indicates the presence in 
the molecule of one atom of iodine in the ionic condition and a 
second atom highly reactive but not actually ionised. In agreement 
with this view, a solution of the supposed dimethiodide, after being 
shaken with an excess of silver chloride, yielded a chloroplatinate , 
[CH 2 I*CH 2 *CH 2 'SMe 2 ] 2 PtCl 6 , and a chloroaurate, 
[OH 2 I-CH ? -OH a -SMe 2 ]AuCl 4 , 
each with iodine still present in the molecule. 

The compound produced by the addition of methyl iodide to 
trimethylene sulphide is therefore dimethyl-y-iodopropylsulphonium 
iodide. Its formation is readily interpreted as due to reversible 
sulphonium salt formation (compare Bell, Bennett, and Hock, this 
vol., p, 1803). The strain in the four-membered ring will cause the 
monomethiodide, which must presumably be first formed, to pass 
over by intramolecular dissociation into methyl y-iodopropyl 
sulphide, which will then combine with a second molecular pro¬ 
portion of methyl iodide : 
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C 3 H 6 S + Mel—>^CH 2 <^2>SMeJl—>CH a I-CH 2 -CH 2 -SMe—>. 

[C 3 H 6 I-SMe 2 ]I. 

Independent confirmation of the structure of the compound in 
question has also been obtained by synthesis. Methyl y-hydroxy- 
propyl sulphide, prepared by methylating y-hydroxypropyl mer¬ 
captan (Rojahn and Lemme, Arch. Pharm ., 1925, 263, 612), yielded 
an oily methiodide which reacted rapidly with hydrogen iodide to 
yield dimethyl-y-iodopropylsulphonium iodide, identical with the 
supposed dimethiodide of trimethylene sulphide. 

It follows also that the “ dimethiodide ” of 2-methyltrimethylene 
sulphide is either dimethyl-y-iodo-a-methylpropylsulphonium iodide 
or dimethyl-y-iodo-72-butylsulphonium iodide. 

There is thus no reason to believe that a dimethiodide of a sulphide 
can exist. Although the electronic formula of such a substance 


+ .q 

would be analogous to that of a sulphone, R 2 S<,q, the relative 


difficulty of formation of the former is easily understood. The 
conversion of a methiodide into a dimethiodide would be opposed 
by a large force, since it would involve the addition of a second 
equal charge to a sulphur atom already bearing a full free positive 
charge. This force must prevent the formation of a dimethiodide 
of a monosulphide, for similar forces make the addition of a second 
molecule of methyl iodide difficult or impossible even in the case 
of such substances as 1 :4-dithian and pyrazine, where there are 
present in the molecule two distinct atoms of sulphur or nitrogen 
at which addition might occur. The relative ease with which a 
sulphoxide is converted into a sulphone, on the other hand, results 
from the diminution in these compounds of the field due to each 
positive charge by the influence of the free negative charge on the 
adjacent oxygen atom. 


Experimental. 

Preparation of Trimethylene Sulphide .—An improved yield of 
trimethylene sulphide was obtained thus : A solution of sodium 
sulphide (80 g. of the hydrate) in water (80 c.c.) and alcohol (100 c.c.) 
was divided into unequal portions, one-third being boiled in a flask 
under reflux whilst the remaining two-thirds and trimethylene di¬ 
bromide (50 g.) were simultaneously introduced from dropping- 
funnels over a period of \ hour. The mixture was boiled for a 
further $ hour, cooled, diluted, and extracted with ether (5 times). 
The ethereal solution was dried, and distilled through a Widmer 
column (the sulphide being volatile with ether) (Yield : 7—9 g.). 
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The dimethiodide, produced by keeping a mixture of the sulphide 
and an excess of methyl iodide for 24 hours, crystallised well from 
absolute ethyl alcohol; m. p. 97—98° (Found: I, 704. Calc.: 
I, 70*9%). The proportion of iodine found by precipitation with 
an excess of silver nitrate in cold aqueous solution was 33-3, 33-6, 
and 41*6% after 5, 15, and 120 minutes, respectively, whilst rapid 
titration gave a mean value of 33*3% (Calc, for one atom of iodine 
per molecule, 354%). 

Action of Silver Chloride on the Iodide, —The iodide (1*7 g.) dis¬ 
solved in cold water (25 c.c.) was shaken with freshly precipitated 
silver chloride (2 mols.) for 15 minutes, and the solution filtered. 
Addition of platinic chloride then precipitated a chloroplatinaie , as 
an ochre-coloured powder which evolved much iodine on heating 
(Found : Pt, 22*7, 22-3. C^H^ClQl^Pt requires Pt, 224%), and 
of auric chloride a chloroaurate , as a canary-yellow powder which 
evolved much iodine on ignition (Found : Au, 34-5. C 5 H 12 Cl 4 ISAu 
requires Au, 34-6%). 

Attempts to isolate a crystalline picrate, mercuri-iodide, or oxalate 
were unsuccessful. 

Action of Dimethylaniline on the Iodide .—When the iodide was 
heated at 100° with dimethylaniline (1 equiv. or more), a good 
yield of dimethylaniline methiodide, m. p. 215—217° (decomp.), 
was obtained (Found : I, 48*2. Calc.: I, 48*3%). 

Synthesis of Dimethyl-y-iodopropylsulphonium, Iodide .—y-Hydr- 
oxypropyl mercaptan (27 g.) was methylated by dissolving it in 
alkali (35 g. of sodium hydroxide in 150 c.c. of water) and adding 
methyl sulphate (44 g.). The mixture was heated at 100° for 
1 hour, cooled, acidified with acetic acid, and extracted with ether. 
The extract was dried, evaporated, and finally fractionated under 
diminished pressure. Methyl y-hydroxypropyl sulphide was thus 
obtained as a colourless oil, b. p. 102°/24 mm., df (vac.) 1*030 
(Found: 0,45*05; H, 94. C 4 H 10 OS requires 0, 45*3; H, 94%). 
When this substance was dissolved in an excess of methyl iodide, 
heat was developed and an oil began at once to separate. After 
6 hours, the excess of methyl iodide was decanted from the crude 
dimethyl-y-hydroxypropylsulphonium iodide , which was not further 
purified. It was covered with dry xylene and dry hydrogen iodide 
was passed in at 100° for a short time. The xylene was then 
decanted, and the residue, when inoculated with a trace of the 
(t dimethiodide ” of trimethylene sulphide, crystallised at once. 
After crystallisation from alcohol, dimethyl»y4odopropylsulphonmm 
wiide was obtained in colourless needles of m. p. 97*5°, not depressed 
by admixture of the “dimethiodide” of trimethylene sulphide 



10-chlobo-5 : IO-dthydbophekabsazihe, etc. past v. 2499 


(Found: by precipitation in cold solution, I, 32*2; in boiling 
solution, 70*4. Calc.: I, 70*9%). 

The authors wish to express their thanks to Mr. G. A, Birkett 
for translating the Russian memoir on which this work was based. 

The University, Sheffield. [Received, August 11 th> 1927.] 


CCCXXXV.— lO-Chloro-5 : IQ-dihydrophenarsazine and 
its Derivatives. Part V. The General Method of 
Synthesis and Determination of Constitution. 

By Charles Stanley Gibson and John Dobney Andrew 

Johnson. 

It has been shown (J., 1927, 247) that carb oxy-derivatives of 
10-chloro-5:10-dihydrophenarsazine which are not accessible by 
the condensation of arsenious chloride with the corresponding 
substituted diphenylamines may be prepared by condensing o-bromo- 
phenylarsinic acid with aminobenzoic acids and subsequent ring 
closure. Further, it was shown (J., 1926, 2243) that certain substi¬ 
tuted diphenylamines will not condense with arsenious chloride, 
although where at least two of the four ortho-positions in diphenyl- 
amine are unoccupied, there seemed reason to believe that the 
corresponding phenarsazine derivative should be capable of exist¬ 
ence. By investigating in greater detail the conditions of the 
formation of various arsinic acids derived from diphenylamine and 
the conditions of ring closure to form the heterocyclic arsenic 
compound, it has been possible to study the properties of some 
of the compounds hitherto unprepared and to throw more light on 
the constitution of some already known compounds belonging to 
this series. 

The preparation of diphenylamiw-o-arsinic acid (I) has been 
effected by two methods as indicated ; 



The condensations were carried out under identical conditions and 
it will be seen that the yield of the condensation product varied 



2500 GIBSON AND JOHNSON : 10-CHLORO-5 : 10-DIHYDRO - 


very considerably according as o -bromophenylarsinie acid or 
o-aminophenylarsinic acid was the initial material. A result of 
the same kind was obtained in the preparation by two methods 
of ‘i-methyldiphenylamine-ft'-arsinic acid (II): 



Since, in both cases, the use of o-bromophenylarsinie acid gave 
a higher yield of the desired arsinic acid, 2-methyldiphenylamine- 
&-arsinic acid (III) (23% yield), N-methyldiplienylamine-o-a,rsinic 
acid (IV) (28% yield), 2-a -naphtliylaminophenylarsinic acid (V) 
(81% yield), and 2-$-naphthylaminophenylarsinic acid (VI) (90% 
yield) were readily obtained by condensing o-bromophenylarsinic 
acid with the corresponding amine. 



In the case of the production of 2-nitrodiphenylamine-W-arsinic 
acid (VII), the higher yield was obtained when o-aminophenyl- 



arsinic acid was used, and hence for the preparation of 3 -nitro- 
diphenylamine-ft'-arsinic acid (VIII) and of 4^-nitrodiphenylamine - 
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Q'-arsinic acid (IX), o-aminophenylarsinie acid was condensed with 
the corresponding bromonitrobenzene. 

These results would indicate that the ease with which the 
reaction proceeds depends on the reactivity of the bromine atom, 
being slight in bromobenzene, greatest in o-bromonitrobenzene, 
and intermediate in the case of o-bromophenylarsinic acid. 

With the exception of N -methyldiphenylamine-o-arsinic acid 
(IV), all the above acids can be converted into the corresponding 
heterocyclic arsenic compounds. Diphenylamine-o-arsinic acid (I), 
when boiled with concentrated hydrochloric acid, is converted 
rapidly first into an oil and then into the previously described 
hydrochloride of phenarsazinic acid (J., 1924, 125, 2277). The 
same acid, when reduced by the alcohol-iodine-hydrochloric acid- 
sulphur dioxide method, is rapidly converted into 10-chloro-5 : 10- 
dihydrophenarsazine, which again can be oxidised to phenarsazinic 
acid. Incidentally, 10-chloro-5 :10-dihydrophenarsazine has thus 
again been synthesised by a simpler method and its constitution 
further verified (compare Burton and Gibson, J., 1926, 452). These 
reactions may be briefly summarised : 

0 OH 

\As/ 



When 4-methyldiphenylamine-6 / -arsinic acid (II) was boiled with 
concentrated hydrochloric acid, similar effects were observed and 
the already described hydrochloride of 2-methylphenarsazinic acid 
(J., 1926, 469) was readily obtained. Also, by reduction with 
sulphur dioxide under the usual conditions, 10-chloro-2-methyl- 
5:10-dihydrophenarsazine was produced, which again was easily 
oxidised to the heterocyclic arsinic acid. Ring closure also took 
place on boiling the acid (II) with acetic anhydride. The synthesis 
of 10-chloro-2-methyl-5:10-dihydrophenarsazine has thus been 
effected and, incidentally, the hydrobromide of 2-methylphenarsazinic 
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acid was prepared from the acid (II) by using hydrobromic acid 
instead of hydrochloric acid, and l0-bromo-2-methyl-5 : IQ-dihydro - 
phenarsazine was obtained from the acid (II) or from the corre¬ 
sponding phenarsazinic acid in the usual way. 

Although the corresponding ring closure by means of hydro¬ 
chloric acid took an appreciably longer time, 2-methyldiphenyl- 
amine-6'-arsinic acid (III) was converted into 4:-methylphenarsazinic 
acid hydrochloride and 4,-methylphenarsazinic acid . From both 
2-methyldiphenylamine-O'-arsinic acid and 4-methylphenarsazinie 
acid, lO-chloro-i-methyl-B :1 0-dihydrophenarsazine (X) and also the 
corresponding ftrowo-compound have been prepared for the first 
time, since phenyl-o-tolylamine was not available when the con¬ 
densation of arsenious chloride with various diphenylamines was 



The formation of heterocyclic arsenic compounds from 2-a- 
naphthylaminophenylarsinic acid (V) can be accomplished very 
easily. 

7:12-iso Benzophenarsazinic acid (XI) is easily produced by 
boiling the original acid for two minutes with concentrated hydro¬ 
chloric acid containing a little alcohol, while the already described 
7-chloro-7 :12-dihydroisobenzophenarsazine * (XII) (Lewis and 
Hamilton, J. Amer. Ghem . Soc. 9 1921,43, 2218; Burton and Gibson, 
J., 1926, 467) is obtained very readily by the usual method of 
reduction. This synthesis effectively proves the correctness of 
the constitution assigned to the product of condensation of arsenious 
chloride and phenyl-a-naphthylamine. 

* Previously called 7-ehloro-7 :12-dihydrobenzophenarsazine. It is con¬ 
sidered advisable to regard (a) as the normal ring and (6) as the mo- ring, since 



in (Z>) the hetero-atoms have to be numbered inversely to their accepted order 
on account of the geometry of the ring. This will avoid any confusion in the 
naming of the parent substances. The parent substance of compound (XII) 
will be 7 :12-dihydroMobenzophenarsazine and of compound (XIV), 7 : 12-di- 
hydrobenzophen araazi ne. 
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The formation of the corresponding heterocyclic arsenic com¬ 
pounds from 2-p-naphthylaminophenylarsinic acid (VI) was just as 
readily accomplished. The hydrochloride of 7 :12 ~benzophenars~ 
azinic acid or the free acid (XIII) was readily produced by boiling 
2-p-naphthylaminophenylarsinic acid with concentrated hydro¬ 
chloric acid containing a little alcohol or by boiling it with acetic 
acid. Further, the previously described 12-ehloro-7 :12-dihydro- 
benzophenarsazine (XIV) (Burton and Gibson,* J., 1926, 2241) 
was easily obtained by the usual method of reduction from either 
2- p-naphthylaminophenylarsinic acid or from the heterocyclic acid 
(XIII). On the assumption that the condensation goes in the 
a-position of the naphthalene nucleus, the constitution assigned 
previously to the condensation product of arsenious chloride and 
phenyl-P-naphthylamine is verified by the present work. 



In several of the above cases when the ring closure was effected 
by boiling hydrochloric acid, an oily intermediate product possessing 
a characteristic acid chloride-like odour was formed prior to the 
formation of the crystalline hydrochloride of the heterocyclic 
arsinic acid. Although this intermediate product was never 
isolated, its repeated formation led us to believe that the con¬ 
densation is preceded by the formation of an acid chloride and we 
suggest that the following scheme may represent the formation of 
the hydrochloride of the phenarsazinic acid: 


NasO(OH) 2 / 


\as^8h / 


-NH- 



+ H 2 0; 


When ring closure was effected by the alcohol-hydrochloric acid*- 
iodine-sulphur dioxide method, in none of the above cases were 

* There is a misprint on p. 2243 (line 4 from bottom): " 12-chloro-7 ;12- 
dihydrophenarsazine ” should be “ 12-chloro-7 :12-dihydrobenzophen* 
arsazine.” 
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we able to isolate the intermediate dichloroarsine; indeed, in only 
one case (described below) has this been possible. 

When 2-nitr odiphenylamine-6' -arsinic acid (VII) was reduced 
for 5 minutes with sulphur dioxide in the presence of alcoholic 
hydrochloric acid and a trace of iodine, an oil was formed which, 
after solidification and recrystallisation, was obtained as deep red 
. crystals of 2-nitrodiphenylamine-6'-dichloroarsine (XV), from which 
the original acid was regenerated by oxidation with hydrogen per¬ 
oxide in acetic acid solution. When the dichloroarsine was boiled 
in acetic acid solution for 3 hours, 10-chloro-4i-nitro-5 : 10-dihydro- 
phenarsazine (XVI) crystallised in characteristic scarlet needles, 
m. p. 165°, The method of production of this compound leaves 
no doubt as to its constitution. 

AsCl 



In the reduction of 3-nitr odiphenylamine - 6'-arsinic acid (VIII) 
no intermediate dichloroarsine was obtained. From its method 
of formation, however, the homogeneous compound must be 
10-chloro-3(or l)-nitro-5 : 10-dihydropkenarsazine (XVII) and it was 
obtained in deep red, prismatic needles, m. p. 258—259° (decomp.). 
The corresponding 3(or 1 )-nitrophenarsazinic acid and the 10 -bromo- 
3(or 1)-nitro-5 :10-dihy dr ophenarsazine were also isolated. [Previous 
work (J., 1926, 2241; compare Roberts and Turner, J., 1925, 
127, 2005) clearly suggests that the nitro-group in these compounds 
is probably in the 3 position.] 

When 4-nitrodiphenylamine-6'-arsinic acid (IX) was reduced 
under similar conditions, no dichloroarsine was isolated, but there 
was no difficulty in isolating 10 -chloro-2-niiro~5 : 10-dihy dr ophen¬ 
arsazine (XVIII), m. p. 278° (decomp.), and the method of prepar¬ 
ation leaves no doubt as to the constitution of this substance. 

The synthesis and identification of these three nitro-derivatives 
have enabled us to clear up certain obscurities in the previous 
work on compounds of this series. 10-Chloro-4-nitro-5 :10-dihydro- 
phenarsazine (XVI) has been oxidised to the corresponding acid, 
and this reduced by ferrous hydroxide to the hydrochloride of 
4-aminophenarsazinic acid, identical with the compound prepared 
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by Wieland and Rheinheimer (. Annalen , 1921, 423, 1). Although 
we expected a triazo-derivative might be formed, this compound 
is unaffected by nitrous acid at 5°. 

Wieland and Rheinheimer obtained two mononitro-derivatives 
by the nitration of 10-chloro-5 :10-dihydrophenarsazine. They 
concluded that the one produced in less quantity (brilliant scarlet 
needles) had the nitro-group in the ortho-position to the INH 
group and although the melting point recorded by them is some¬ 
what low (156°), the description shows that the compound actually 
was 10-chloro-4-nitro-5:10-dihydrophenarsazine (XVI), now syn¬ 
thesised and obtained by us in a pure condition, m. p. 165°. The 
other mononitro-derivative, Wieland and Rheinheimer rightly 
concluded was the para-isomeride, viz., 10-chloro-2-nitro-5:10- 
dihydrophenarsazine (XVIII). They described it as crystallising 
in greenish-yellow scales, but did not record any melting point. 
On carefully repeating their work, we found that this compound 
was identical with the synthesised substance (XVIII), m. p. 278° 
(decomp.). Wieland and Rheinheimer further stated that this 
compound on oxidation was converted into the nitrophenarsazinic 
acid (the 2-nitro-acid) which is the by-product of the nitration of 
phenarsazinic acid, the main product, according to them, being 
4-nitrophenarsazinic acid. We have found, however, that tlje 
main ( i.e ., the more easily isolated) product of the nitration of 
phenarsazinic acid under the conditions described by Wieland and 
Rheinheimer is the 2-nitro-acid, for on repeating their work we 
isolated an acid which, on reduction by the sulphur dioxide-alcohol- 
hydrochloric acid-iodine method, gave 10-chloro-2-nitro-5:10- 
dihydrophenarsazine (XVIII) in a slightly impure form. More¬ 
over, Burton and Gibson’s “ 1-nitrophenarsazinic acid ” (loc. cit., 
p. 2243) is actually the 2-nitro-acid, for it gives the substance 
(XVIII) on reduction. As a result of the work now described, the 
conclusions drawn by Burton and Gibson as to the constitution of 
the corresponding amino-derivatives must be modified accordingly. 

In view of the previous failure to prepare 10-chloro-5-methyl- 
5:10-dihydrophenarsazine (Burton and Gibson, J., 1926, 453; 
compare Wieland and Rheinheimer, loc. cit,), it is interesting to 
know that normal ring closure does not take place when N* methyl- 
diphenylamine-o-arsinic acid (IV) is submitted to any of the treat¬ 
ments mentioned above for this purpose. Indeed, the only product 
which we have isolated by the alcohol-hydrochloric acid-iodine- 
sulphur dioxide reduction method was somewhat impure 10-chloro- 
5 :10-dihydrophenarsazine in small quantity (compare Burton and 
Gibson, loc. cit.). Whilst we have again been unsuccessful in 
preparing 10-chloro-5-methyl-5 :10-dihydrophenarsazine, the results 
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of the work indicate that ring closure effected by reduction by the 
sulphur dioxide method probably follows the course 



0(OH) 2 fCN 

m— 


0 &# 


(A) 


Where R = H and X(o- or #-) =Hor Me, 



If X = N0 2 and R = H, the nitrogen atom will be less basic and 
arsenic-nitrogen ring closure will tend to take place with less ease, 
especially in the case of the 2-nitro-compound (VII). In this case 
we have actually isolated the dichloroarsine and it is possible that 
steric hindrance here plays some part (compare Roberts and Turner, 
loc. cit.). If R — Me and X = H, there will be less tendency for 
arsenic-nitrogen ring closure to take place. The small amount of 
the product of such ring closure will not be stable and should lose 
methyl chloride, thus, 

AsQ 



with the formation of a small quantity of 10-chloro-5 :10-di- 
hydrophenarsazine, as found experimentally. 


Experimental. 

The method previously described for the preparation of o-bromo- 
phenylarsinie acid (J., 1926, 456) has been considerably modified, 
whereby a higher yield (56%) is obtained and economy in hydro- 
bromic acid effected, o - A in inopheny larsinic acid (150 g.), dissolved 
in concentrated hydrochloric acid (210 c.c.) and water (210 c.c.), 
was diazotised below 5° with sodium nitrite (50 g.; water, 110 c.c.). 
Cuprous bromide (copper sulphate crystals, 150 g., in water, 500 
c.c.; potassium bromide, 75 g., in water, 175 c.c.; the solution 
was reduced with sulphur dioxide, and the precipitate filtered off 
and washed with water) was dissolved in hydrobromic acid (of 
constant b. p.; 270 c.c.) and to this solution at the ordinary tern- 
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perature the diazo-solution was added with constant stirring. After 
stirring for 1 hour, the precipitated acid was dissolved in sodium 
hydroxide solution, and the solution was decolorised with charcoal 
and acidified with hydrochloric acid (Congo-red). The colourless 
crystals had m. p. 199—200° (decomp.). 

o-Bromonitrobenzene may be obtained in 86% yield by the 
following modification of Ufimann’s method (Ber., 1896, 29, 1880). 
o-Nitroaniline (138 g.), dissolved in concentrated hydroohlorio 
acid (215 c.c.) and water (128 c.c.), was diazotised below 10° with 
sodium nitrite (75 g. in water, 150 c.c.). A solution of cuprous 
bromide in hydrobromic acid (of constant b. p.; 320 c.c.) was 
prepared from copper sulphate crystals (193 g. in water, 640 c.c.) 
and potassium bromide (96-5 g. in water, 210 c.c.) as described 
above, and the diazo-solution added to it at the ordinary tem¬ 
perature with constant stirring. The o-bromonitrobenzene, m. p. 
43—44°, was isolated by steam distillation. 

Diphenylamine-o-arsinic Acid , C 6 H 5 ‘KH , C 6 H 4 *AsO(OH) 2 (I).*— 
(a) A mixture of aniline (4*7 g.), o-bromophenylarsinie acid (14 g.), 
dry potassium carbonate (9*3 g.), amyl alcohol (38 c.c.), and a trace 
of copper powder was boiled for 5 hours. The volatile substances 
were removed by steam distillation and the residue was decolorised 
with charcoal. The filtrate on acidification with hydrochloric acid 
deposited a dark-coloured solid (7-1 g.), which was recrystallised 
from glacial acetic acid and then from dilute acetic acid. 

(b) A mixture of bromobenzene (6*0 g.), o-aminophenylarsinic 
acid (6-75 g.), dry potassium carbonate (6*0 g.), amyl alcohol (35 
c.c.), and a trace of copper powder was treated in a similar manner. 
Only 04 g. of product was obtained. 

Diphenylamine-o-arsinic acid forms colourless, felted needles, 
m. p. 166° (slight decomp.). It cannot be titrated with 0*1^- 
sodium hydroxide and phenolphthalein, the end-point varying with 
the concentration; but its basicity is greater than unity (Found : 
As, 25*5. C 12 H 12 0 3 NAs requires As, 25*6%). 

Conversion of Diphenybrnine-o-amnic Acid into Phemrsazinic 
Acid and 10 -Chloro-5 :10 -dihydropJienarsazine. — (a) Diphenylamine- 
o-arsinic acid (1 g., either crude or pure) was boiled with con¬ 
centrated hydrochloric acid (7 c.c.). An oil having a characteristic 
odour was first formed, but it rapidly disappeared and after 2 
minutes’ boiling the liquid became filled with crystals of phen- 
arsazinic acid hydrochloride identical with an authentic specimen, 
m. p. 203—205° (decomp.). This hydrochloride dissolved in an 
excess of aqueous sodium hydroxide, from which solution phen- 
arsazinic acid was precipitated on addition of acetic add. The 
phenarsazinic acid was dissolved in hot alcohol-hydrochloric add 
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and reduced with sulphur dioxide after addition of a trace of iodine. 
10-Chloro-5 :10-dihydrophenarsazine, m. p. 191°, identical with 
an authentic specimen, was obtained (Found : Cl, 12*9. Calc. : 
Cl, 12-8%). 

(6) Diphenylamine-o-arsinic acid (1 g., either crude or pure), 
dissolved in a hot mixture of alcohol (5 c.c.) and concentrated 
hydrochloric acid (5 c.c.), deposited 10-chloro-5: 10-dihydrophen- 
arsazine, m. p. 191° (after recrystallisation from benzene), on reduc¬ 
tion with sulphur dioxide after addition of a trace of iodine. The 
chloro-compound, on oxidation with chloramine-T in aqueous 
acetone (Burton and Gibson, J., 1924, 125, 2276), was converted 
into phenarsazinic acid. 

4t-Meihyldiphenylamine-6 f -ar8inic Acid , 

C 6 H 4 Me-NH-C 6 H 4 *AsO(OH) 2 (II). 

— (a) The product obtained from ^-toluidine (4-9 g.) and o-bromo- 
phenylarsinic acid (12-9 g.), worked up as described above, amounted 
to 10 g. (6) The amount obtained from ^-bromotoluene (8*6 g.) 
and o-aminophenylarsinic acid (10-9 g.) was only 1-0 g. Pure 
4 -methyMiphenylamine-6'-arsinic acid, m. p. 160—165° (decomp.), 
was obtained as a cream-coloured solid by recrystallising the 
product from dilute acetic acid (Found : As, 24-1. C 13 H 14 0 3 KAs 
requires As, 24*4%). It is soluble in hot alcohol or hot glacial 
acetic acid and only slightly soluble in water. 

4-Methyldiphenylamine-6'-arsinic acid (10 g. of crude acid) was 
boiled with concentrated hydrochloric acid (40 c.c.). An oil was 
formed and the mixture vigorously stirred during the heating. 
After about 2 minutes the solution became homogeneous and then 
suddenly filled with crystals (8*5 g.) of 2-methylphenarsazinic acid 
hydrochloride, m. p. 200—204° (decomp.), which was identical 
with an authentic specimen (J., 1926, 469). On treatment with 
sodium hydroxide, the sodium salt, which is sparingly soluble in 
cold water, was obtained, and from this 2-methylphenarsazinic acid, 
m. p. 306° (decomp.), was isolated by acidification with glacial 
acetic acid* This was identical with a specimen made by oxidising 
the condensation product of arsenious chloride and phenyl-p-tolyl- 
amine. The hydrochloride, m. p. 208° (decomp.), was readily 
re-formed on dissolving the acid in a hot mixture of equal volumes 
of alcohol and concentrated hydrochloric acid and allowing the 
solution to cool (Found: Cl, 11*2. Calc.; Q, 10*9%). 

A boiling solution of 4-methyldiphenylamine - 6' - arsinic acid 
(1 g.) in alcohol (7 c.c.) and concentrated hydrochloric acid (7 c.c.) 
containing a trace of iodine was treated with sulphur dioxide; 
reduction was complete after 5 minutes. The product, recrystallised 
from benzene, gave 10-chloro-2-methyl-5 : 10-dihydrophenarsazine 
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in orange-yellow needles, m. p. 199—200°, which did not depress 
the melting point of an authentic specimen (Found: Cl, 12*2. 
Calc. : Cl, 12*2%). On oxidation with chloramine-T in aqueous 
acetone, it was converted into the colourless 2-methylphenarsazinic 
acid, m. p. 306—308° (decomp.), identical with an authentic 
specimen. 

4-Methyldiphenylamine-6'-arsinic acid (3 g.) was boiled with 
acetic anhydride (15 c.c/.) for 2 hours. The solution remaining 
after half of the anhydride had been distilled off was deep blue 
and deposited 0*6 g. of colourless, crystalline material. This was 
washed with alcohol and had m. p. 308° (decomp.). On reduction 
with sulphur dioxide under the usual conditions, it was converted 
into 10-chloro-2-methyl-5 : 10-dihydrophenarsazine. 2-Methyl- 
phenarsazinic acid under the same conditions was not acetylated. 

2-MethyVphenarsazinic acid hydrobromide , 

NH<^ H | [ M ^>AsO(OH) ) HBr ) 

was prepared by dissolving 2-methylphenarsazinic acid (1 g.) in 
a hot mixture of alcohol (5 c.c.) and hydrobromic acid (of constant 
b. p.; 6 c.c.) and allowing the solution to cool. It crystallised as 
an almost colourless, granular powder, which turned orange- 
coloured on heating above 100° and had m. p. 208—210° (decomp.) 
(Found : Br, 21*3. C 13 H 13 0 2 NBrAs requires Br, 21*6%). It was 
also formed by boiling 4-methyldiphenylamine- 6' -arsinic acid (1 g.) 
with hydrobromic acid (of constant b. p.; 8 c.c.) for a few minutes, 
but the reaction did not take place so smoothly as in the formation 
of the hydrochloride: the tarry matter formed was removed by 
washing the precipitate with a mixture of hydrobromic acid and 
alcohol. 

l0-Bromo-2-methyl-5 : 10-dihydrophenarsazine, 
NH<£6?^!>AsBr, 

was prepared by dissolving 2-methylphenarsazinic acid or 4-methyl- 
diphenylamine-6'-arsinie acid (1 g.) in a hot mixture of alcohol 
(5 c.c.) and hydrobromic acid (of constant b. p.; 5 c.c.) and reducing 
the product in the usual way; it crystallised from benzene in 
rosettes of hard, orange-red needles, m. p. 180° (decomp.) (Found : 
Br, 23*9. C 13 H u NBrAs requires Br, 23*8%). 

2 -Methyldiphenylamine- 6 '-arsinic Acid, 

C 6 H 4 Me-NH*C 6 H 4 *AsO(OH) 2 (III). 

—o-Toluidine (15 g,), o-bromophenylarsinic acid (39 g.), dry 
potassium carbonate (30 g.), amyl alcohol (120 c.c.), and a trace 
of copper powder were boiled for 7 hours and worked up as before* 
On acidifying the solution of the potassium salt, 2-methyldiphenyl- 
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amine-6'-arsinic acid (10 g.) was obtained as a light cream-coloured 
solid. It was difficult to purify, but from dilute acetic acid it was 
obtained as a slightly discoloured solid of indefinite melting point 
(130—140°) (Found : As, 24*2. C 13 H 14 0 3 NAs requires As, 24-4%). 

^Methylphenarsazinic acid hydrochloride was formed on boiling 
the preceding compound (crude) with concentrated hydrochloric 
acid as described for the isomeride, but the time elapsing before 
the separation of the hydrochloride was almost twice as long. The 
crude salt had m. p. 187—189° (decomp.). 4:-Methylphenarsazinic 
acid was formed from the crude hydrochloride by treatment with 
an excess of sodium hydroxide solution and then acidification with 
acetic acid. The precipitated acid was recrystallised from, dilute 
acetic acid and then had m. p. 309—310° (decomp.) (Found: As, 
25-7. C^H-^OgNAs requires As, 25*9%). This acid tends to form 
an unstable acetate, since, when it was recrystallised from glacial 
acetic acid and air-dried for 2 days, it still retained 5*61% of acetic 
acid (Calc, for 1 mol. of C 2 H 4 0 2 , 17*2%). 4-Methylphenarsazinic 
acid resembles the 2-isomeride in most of its properties : the sodium 
salt is not very soluble in cold water and it is readily converted into 
the hydrochloride , colourless needles, m. p. 199° (decomp.), by the 
usual method (Found: Cl, 10-9. C 13 H 13 0 2 NC1 As requires Cl, 
10-9%). 

lQ-GhloroA-methyl-5 : IQ-dihydrophenarsazine (X). — 4-Methyl- 
phenarsazinic acid or crude 2-methyldiphenylamine-6'-arsinie acid 
was reduced as described for the 2-isomeride. Recrystallised horn 
benzene, the product formed yellow needles (occasionally greenish- 
yellow), m. p. 191° (decomp.). The yield was almost quantitative 
(Found : Cl, 12-3. C 13 H n NClAs requires Cl, 12-2%). 

IQ-BromoA-methyl-S : IQ-dihydrophenarsazine was prepared in an 
analogous manner from 4-methylphenarsazinic acid. It was re¬ 
crystallised from benzene and obtained in light yellow needles, 
m. p. 190° (slight decomp.) (Found: Br, 24-0. C 1z K 11 NBtAs 
requires Br, 23*8%). Both these compounds were converted into 
4-methylphenarsazinic acid on oxidation with ehloramine-T in 
aqueous acetone. 

TS-Methyldiphenylamine-o-arsinic Acid (IV).—Monomethylanil- 
ine * (15 g.), o-bromophenylarsinic acid (39 g.), dry potassium 
carbonate (30 g.), amyl alcohol (120 c.c.), and a trace of copper 
powder were boiled for 5 hours. The product was worked up in 
the usual manner, and the N-methyldiphenylamine - o -arsinic acid 
(12 g.) obtained as a colourless, crystalline solid, m. p. 182—184° 

* Purified through its p -toluenesulphonyl derivative. It had b. p. 196°/ 
764 mm., and gave quantitative yields of its acetyl and p -toluenesulphonyl 
derivatives (m. p.’s 101° and 94°, respectively). 



PEENARSAZINE AND ITS DERIVATIVES. PART V. 


2511 


(decomp.) after recrystallisation from dilute acetic acid. It was 
difficult to purify (Found: As, 24*2. C 13 H u 0 3 NAs requires As, 
24*4%). Boiling with concentrated hydrochloric acid for 5 minutes 
caused no separation of crystalline matter, but some decomposition 
took place and the characteristic odour, which we attribute to the 
intermediate formation of an acid chloride, was observed. On 
cooling, treatment with sodium hydroxide, and acidification with 
acetic acid, only an impure acid was precipitated. When hydro- 
bromic acid was used instead of hydrochloric acid, marked decom¬ 
position took place. 

2V'-Methyldiphenylamine-o-arsinic acid (8 g.) was reduced in hot 
alcoholic-concentrated hydrochloric acid solution in the manner 
already described, but the product of the reduction was a heavy, 
dark-coloured oil. A small amount of yellowish-brown solid separ¬ 
ated from the oily matter on cooling. This was recrystallised from 
benzene and melted at 175—177°. The melting point was raised 
(187—188°) by admixture with pure 10-chloro-5 :10-dihydrophen- 
arsazine, but the quantity obtained was too small for further 
purification and attempts to work up the oil were unavailing. 
10-Chloro-5-methyl-5 :10-dihydrophenarsazine therefore cannot be 
prepared by this method and it was also found impossible to prepare 
the corresponding bromo-compound. 

2- ol~N aphthylaminophenylarsinic Acid (V).—On mixing oc-naph- 
thylamine (16*0 g.), o-bromophenylarsinic acid (28-2 g.), dry potass¬ 
ium carbonate (19-0 g.), amyl alcohol (80 c.c.), and a trace of copper 
powder an almost solid mass was produced. The mixture was 
boiled for 6| hours and the product isolated (28 g., crude) in the 
usual way. The acid recrystallised from dilute acetic acid had 
m. p. 165° (Found: As, 21-6. C 16 H 14 0 3 NAs requires As, 21*9%). 

2-a-Naphthylaminophenylarsinic acid (10 g.) was dissolved as 
rapidly as possible in a hot mixture of alcohol (50 c.c.) and con¬ 
centrated hydrochloric acid (50 c.c.) and reduced with sulphur 
dioxide .after addition of a trace of iodine. The precipitated 
7-cMoro-l : 12-dihydroisobenzophenarsazine (XII) was filtered off 
from the cold liquid and recrystallised from toluene. The short, 
yellow needles, m. p. 219°, were identical with an authentic specimen 
(Found : Cl, 10*7. C 16 H n NClAs requires Cl, 10*8%). 

7 : 12-isoBenzophenarsazinic Acid Hydrochloride .—2-a-Naphthyl- 
aminophenylarsinic acid (3*5 g.) was dissolved in a mixture of 
alcohol (15 c.c.) and concentrated hydrochloric acid (15 c.c.), and 
the mixture rapidly heated on the water-bath. After 2 minutes 
and while the solution was still hot, small, colourless plates of the 
hydrochloride of 7 :12-i$obenzophenarsazinic acid began to separate. 
It has m. p. 232° {decomp.) (Found: Cl, 10*0. C 16 H 18 O^TC1 As 
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requires Cl, 9*8%). This, on treatment with warm dilute sodium 
hydroxide solution followed by acidification with acetic acid, was 
converted into colourless 7 :12-isobenzophenarsazinic acid (XI), 
which was recrystallised from dilute acetic acid (Found : As, 22*9. 
Calc.: As, 23*1%). The sodium salt had the properties described 
by Lewis and Hamilton (J. Amer. Chem. Soc, } 1921, 43, 2218). 

2-$-Naphthylaminophenylarsinic Acid (VI).—(3-Naphthylamine 
was condensed with o-bromophenylarsinic acid, the quantities 
taken and the conditions of the reaction being the same as in the 
preparation of the isomeric substance. The crude acid (31 g.) 
was deposited in colourless needles, m. p. 181°, after the solution 
in hot alcohol had been decolorised with charcoal (Found: As, 
21*6. C 16 H 14 0 3 NAs requires As, 21*9%). 12-Chloro-7:12-dihydro- 
benzophenarsazine (XIV) was prepared from this compound (10 g.) 
by the method used for the preparation of the isomeride. It was 
recrystallised from s-tetrachloroethane and obtained in yellow 
leaflets, m. p. 254°, identical in every respect with the compound 
formed by the condensation of arsenious chloride with phenyl- 
(3-naphthylamine. Yield, 7 g. (Found: Cl, 10*85. Calc.: Cl, 
10 * 8 %). 

7 : 12-Benzophenarsazinic Acid (XIII).—When a solution of the 
preceding compound (25 g.) in hot glacial acetic acid (200 c.c.) was 
rapidly cooled and treated with hydrogen peroxide (20 vols.; 130 
c.c.) and then heated almost to boiling to complete the oxidation, 
7 :12-benzophenarsazinic acid was precipitated as a brown, amorph¬ 
ous solid. It was recrystallised from dilute acetic acid after decolor¬ 
ation with charcoal and obtained in small, colourless needles, m. p. 
above 325°. Yield, 18 g. (Found: As, 22*8. C^H-^OgNAs 
requires As, 23*1%). The same acid was produced when a solution 
of 12-chloro-7 :12-dihydrobenzophenarsazine was oxidised with an 
aqueous solution of chloramine-T. It was also obtained when a 
solution of 2-p-naphthylaminophenylarsinic acid in the minimum 
quantity of boiling glacial acetic acid was heated on the water- 
bath for 30 minutes* The acid crystallised on cooling and the 
filtrate contained a small quantity of unchanged 2- (3-naphthylamino- 
phenylarsinic acid. 

7: 12-Benzophenarsazinic acid hydrochloride was obtained by 
dissolving 2-(3-naphthvlaminophenylarsinic acid (0*3 g.) in a hot 
mixture of alcohol (5 c.c.) and concentrated hydrochloric acid 
(5 c.c.). After a few minutes the compound, m. p. 234° (decomp.), 
separated in fine needles (Found: Cl, 10*0. C 16 H 13 0 2 NC1 As 
requires Cl, 9*8%). It was converted into 7 :12-benzophenarsazinic 
acid in the usual way. The sodium salt (colourless needles) of 
7:12-benzophenarsazinic acid is not very soluble in cold water; 
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the ammoniTim salt crystallises in glistening plates from water; 
the barium, silver, and mercuric salts are produced as heavy, white 
precipitates; the ferric salt is brown and somewhat gelatinous; the 
copper salt is pale greenish-blue; the cobalt salt is pale blue, and 
the calcium salt forms fine, colourless needles. 

Y2-Bromo-l : 12 -dihydrobenzophenarsazine was prepared by reduc¬ 
ing 7: 12-benzophenarsazinic acid in alcohol-hydrobromic acid 
solution in the usual way. It forms short, deep orange-coloured 
needles, m. p. 251—252° (decomp.), from toluene (Found : Br, 
21*7. C 16 H 1]L ]SrBrAs requires Br, 21-5%). 

2 -Nitrodiphenylamine-ft'-arsinic Acid (VII).—A mixture of 
o-aminophenylarsinic acid (47*2 g.), o-bromonitrobenzene (49-0 g.), 
dry potassium carbonate (42 g.), amyl alcohol (245 c.c.), and a 
trace of copper powder was boiled for 6 hours. The product was 
worked up as usual, washed with dilute hydrochloric acid and 
water to remove unchanged o-aminophenylarsinic acid, and re¬ 
crystallised from aqueous alcohol, forming golden-yellow needles, 
m. p. 238—240° (decomp.). Yield of pure acid, 25% (Found: 
N, 7*95. C 12 II n 0 5 N 2 As requires N, 8*3%). o-Bromophenylarsinic 
acid and o-nitroaniline, condensed in a similar manner, gave a 
7*7% yield of the same product. 

The acid is slightly soluble in water and is soluble in alcoholic 
hydrochloric acid, but a hydrochloride could not be isolated. Solu¬ 
tions of the sodium and potassium salts are deep red in contrast 
to that of the acid, which is deep yellow. 

2-Nitrodiphenylamine-6'-dichloroarsine (XV).—The preceding com¬ 
pound (3*1 g.) was dissolved in a hot mixture of alcohol (20 c.c.) 
and concentrated hydrochloric acid (25 c.c.), and sulphur dioxide 
passed into the solution for 5 minutes only, after addition of a trace 
of iodine. The oil which separated quickly solidified on cooling. 
The solid crystallised from benzene-light petroleum (b. p. 60—80°) 
in deep red crystals, m. p. 110° (Found: Cl, 19*95. C 12 H 9 0 2 N 2 Cl 2 As 
requires Cl, 19*8%). On oxidation with hydrogen peroxide (20 
vol.) in acetic acid solution, the above 2-nitrodiphenylamine- 
6'-arsinic acid was obtained. 

10-Chloro-4b-nitro-5 : IQ-dihydrophenarsazine (XVI).—After a solu¬ 
tion of 2-nitrodiphenylamine-6'-dichloroarsine (1*5 g.) in glacial 
acetic acid (25 c.c.) had been boiled for 3 hours, beautiful scarlet 
needles of 10-chloro-4-nitro-5: 10-dihydrophenarsazine were de¬ 
posited on cooling. It was recrystallised from glacial acetic acid 
and then had m. p. 165° (Wieland and Rheinheimer, be. cit., give 
m. p. 156°) (Found : Cl, 10*8. Calc.: Cl, 11*0%). 

This compound was oxidised by hydrogen peroxide (20 vol.) in 
glacial acetic acid solution, whereby it was converted into 4-nitro- 
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phenarsazinic acid. This acid was reduced by ferrous hydroxide 
(Burton and Gibson, loc . cit.) and converted into the 4-amino- 
phenarsazinic acid, which was conveniently isolated as the hydro¬ 
chloride. The hydrochloride, suspended in excess of dilute hydro¬ 
chloric acid, was unaffected by sodium nitrite at 5°. 

3-N itrodiphenylamine-Q'-arsinic acid (VIII) was prepared from 
o-aminophenylarsinie acid (20-9 g.) and m-bromonitrobenzene 
(21*7 g.) in a similar manner to the isomeride, the boiling, however, 
being continued for 7 hours. The product (16 g.) crystallised 
from dilute acetic acid in light yellow needles, m. p. 202° (decomp.) 
(Found: As, 21-7. C-^H^gNgAs requires As, 22*2%). The 
solutions of the sodium and potassium salts are deep red. 

10‘Chloro-Z(oT 1 )-nitro-5 :10-dihydrophenarsazine (XVII).—The 
compound just described (20 g.) was reduced in the usual manner 
for 15 minutes by sulphur dioxide; a deep red, crystalline substance 
soon filled the liquid. The product was fractionally crystallised 
from glacial acetic acid and only one substance, which formed 
glistening, thin prisms, m. p. 258—259° (decomp.), was obtained 
(Found: As, 22*8; Cl, 11*2. C 12 H 8 0 2 N 2 C1 As requires As, 23*2; 

a, 11-0%). 

3(or l)-Nitrophenarsazinic Acid. —The preceding compound (4 g.) 
was boiled with glacial acetic acid (60 c.c.) and rapidly cooled, 
and to the solution-suspension hydrogen peroxide (20 vol.; 40 
c.c.) was added. The colour of the solution rapidly changed and 
a yellowish-brown acid was precipitated; the reaction was com¬ 
pleted by gentle warming. The product was recrystallised from 
dilute acetic acid. The yellow substance did not melt below 320° 
(Found: N, 8*8; As, 23-0. C 12 H 9 0 4 N 2 As requires N, 8*7; As, 
23*4%). It was insoluble in water and most organic solvents, 
but dissolved in aqueous sodium hydroxide, and from a strong 
solution of the latter the sodium salt (brown) crystallised. 

10-Browo-3(or l)-m£ro-5: 10-dihydrophenarsazine was prepared 
by reducing 3(or l)-nitrophenarsazinic acid in the presence of 
hydrobromic acid in the usual way. When recrystallised from 
benzene, it was obtained in short, reddish-brown needles, m. p. 234° 
(decomp.) (Found: Br, 22*15. C 12 H 8 02N 2 BrAs requires Br, 21*8%). 

4-A itrodiphenylamine -6 '-arsinic acid (IX) was prepared from 
'p-bromonitrobenzene (52*2 Jg.) wr and o-aminophenylarsinic acid 
(50*3 g.) in a similar manner to the isomeric compounds, the boiling, 
however, being continued in this case for 7| hours. The crude 
product (35 g.) was recrystallised from dilute acetic acid, and the 
pure acid obtained as a pale yellow, microcrystalline substance, 
. m. p. 223° (decomp.) (Found: N, 8*3. C 12 H u 0 5 N2As requires 
N, 8*3%). The alkali salts are deep orange-red in aqueous solution. 
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lO-Chloro-2-nitro-5: 10-dihydrophenarsazine (XVIII) was pre¬ 
pared from the preceding compound (8 g.) by reduction in the 
presence of hydrochloric acid in the usual way. The product 
(6-1 g.) was recrystallised from glacial acetic acid, in which it was 
somewhat sparingly soluble. It seems to be dimorphous, for it 
separated first in soft, yellow needles which, on standing or when 
the solution was stirred, changed into compact, small, orange- 
yellow, prismatic needles. On heating, the substance turned dark 
red at about 194—197° and had m. p. 276—278° (decomp.) (Found : 
Cl, 10*8; As, 22-95. C^HgO^ClAs requires Cl, 11-0; As, 23-2%). 

Phenarsazinic acid (20 g.) was nitrated under the conditions 
described by Burton and Gibson (J., 1926, 2244), and the nitro- 
acid purified as described through the sodium and barium salts. 
This acid, on reduction in the usual way in the presence of hydro¬ 
chloric acid, gave a chloro-compound which was identical in every 
way with the above compound. It was obtained in soft, yellow 
needles which were converted into the compact, orange-yellow 
prisms; on heating, the behaviour was the same as that already 
described (Found : As, 23-05. Calc.: As, 23*2%). It must have 
been formed from 2-nitrophenarsazinic acid. 

Phenarsazinic acid (10 g.) was nitrated as far as possible under 
the conditions described by Wieland and Rheinheimer (loc. cit.). 
The mixture was kept for li hours after the addition of the nitric 
acid (d 1-5) was completed. The nitro-acid obtained from the 
sodium salt was recrystallised twice from 50% acetic acid and was 
then dark yellow to orange. It was reduced in the presence of 
hydrochloric acid in the usual way, and the product had a very 
indefinite melting point, melting and decomposition not being 
complete at 250°. After this had been further recrystallised from 
glacial acetic acid, it melted at 265—267° (decomp.), and although 
even then it was not quite pure, its behaviour when admixed with 
pure 10-chloro-2-nitro-5 :10-dihydrophenarsazine showed that it 
was chiefly composed of this substance. 

We are therefore justified in concluding that the most easily 
isolated product of the nitration of phenarsazinic acid is 2-nitro- 
phenarsazinic acid, and not 4-nitrophenarsazinic acid as stated by 
Wieland and Rheinheimer. 

10-Chloro-5 :10-dihydrophenarsazine was also nitrated under the 
conditions described by Wieland and Rheinheimer. The mono- 
nitro-derivative obtained in the larger amount (for which they 
quoted no melting point) was oxidised by means of hydrogen 
peroxide (20 vol.) in glacial acetic acid solution. The product was 
recrystallised from glacial acetic acid and then reduced in the 
presence of hydrochloric acid in the usual way, being thus con* 
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verted into 10-chloro-2-nitro-5 :10-dihydrophenarsazine, m. p. 276° 
(decomp.), identical with the product described above. 

The various nitro-derivatives of 10-chloro-5:10-dihydrophen- 
arsazine can be readily distinguished from 2-nitrodiphenylamine- 
6'-arsinic acid, since the latter dissolves in concentrated sulphuric 
acid to form a characteristic deep red solution, whilst the former 
compounds yield deep violet solutions. All the solutions change 
to an olive-green colour on addition of a drop of concentrated 
nitric acid. 

Guy’s Hospital Medical School, 

(University or London), S.E. 1. 

[Received, August 26th, 1927.] 


CCCXXXVL —A New Isomerism of Halogenohydroxy - 
benzoyltoluic Acids . 


By Mosuke Hayashi. 


The roots of Lithospermum Erythrorhizon, commonly known as 
Shikon, were used in ancient Japan as an important violet dye. 
A few years ago the main constituent of this colouring matter was 
isolated by Majima and Kuroda (Acta Phytochim ., 1922, 1, 43) 
and found to be a monoacetyl compound of a hydroxynaphtha- 
quinone derivative. This derivative, which has been termed 
shikonin from the Japanese name of the plant, melts at 147° and 
has the molecular formula C 16 H 16 0 5 ; its constitutional formula, 
representing it as 2 : 5 : 8-trihydroxy-3-S-methyl-Av-pentenyl-l : 4- 
naphthaquinone (I), was deduced from the results of careful 
investigations. 


(10 



*CH:CMe, 


HO CO Me 



One of the most characteristic properties of shikonin is the form¬ 
ation of a red sublimate on heating; this decomposition product, 
termed sMkizarin , m. p. 232°, has the molecular formula ^15^10^4* 
Whereas shikonin itself, as a naphthaquinone derivative, is relatively 
unstable, shikizarin is stable enough to be regarded as an anthra- 
quinone derivative; it gives 3-methylphthalic anhydride on oxid¬ 
ation with potassium permanganate. From these results, shikiz¬ 
arin (H) seems to be 8-methylquinizarin, formed by the extrusion 
of a molecule of hydrogen and of the elements of methyl alcohol 
from shikonin. 
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To decide the constitution of shikizarin, 8-methylquinizarin was 
synthesised by Majima by condensing 3-methylphthalic anhydride 
with quinol dimethyl ether and heating the dihydroxybenzoyltoluic 
acid thus formed with concentrated sulphuric acid. * It was identical 
with shikizarin, and strong support was thus obtained for the 
constitution of shikonin. The yield of the dihydroxybenzoyltoluic 
acid was, however, very poor, so the synthesis was attempted in 
another way by Sakurai in the same laboratory, but without much 
improvement in the result.* Yet another synthesis was carried 
out by the present author by condensing 3-methylphthalic anhydride 
with p-chloroanisole in acetylene tetrachloride solution in the 
presence of aluminium chloride (compare Ullmann and Schmidt, 
Ber 1919, 52, 2098). Thereby chlorohydroxybenzoyltoluic acid 
was obtained in good yield, the methoxyl group being hydrolysed 
at the same time. 8-Methylquinizarin was then produced by 
treating this intermediate substance with concentrated sulphuric 
acid and heating the chlorohydroxymethylanthraquinone thus 
formed with a solution of boric acid in sulphuric acid. The yield 
was about 50% of the chlorohydroxymethylanthraquinone. 

The stage of the reaction resulting in the formation of chloro- 
hydroxymethylanthraquinone was, however, not at all simple and 
the action of concentrated sulphuric acid on the chlorohydroxy¬ 
benzoyltoluic acid gave rise, in addition to chlorohydroxymethyl- 
anthraquinone, to an interesting isomeric change, which has been 
studied in some detail. The above-mentioned chlorohydroxy¬ 
benzoyltoluic acid, m. p. 238—239°, may have one of the formulae 
III, IV, V, and VI. Many authors (Nourrisson, Ber., 1886, 19, 

HO Me Cl Me Cl Me HO Me 



(in.) (IV.) (V.) (VI.) 


2103; Logodzinski, -Ber., 1895, 28, 116; Annalen , 1905, 342, 90; 
Bistrzycki and Schepper, Ber., 1898, 31, 2790; Ullmann and 
Schmidt, Ber., 1919, 52, 2098; Simonsen and Rau, J., 1921, 119, 
1339; Simonsen, J., 1924, 125, 721; Eder and his co-workers, 
Helv* Chim . Acta, 1922, 5, 3; 1923, 6, 419, 966; 1925, 8, 126; 
Bistrzycki and Krauer, Helv. Chim. Acta , 1923, 6, 750; Adams and 
his collaborators, J . Amer . Chem . Soc., 1923, 45, 2439, 2455; 1925, 
47, 283; compare also Bentley, Gardner, and Weizmann, J., 1907, 
91, 1626) have shown that phthalic anhydride and its derivatives 
condense with phenolic ethers in the p-position to the alkyloxy- 
* The details of these experiments have not yet been published. - 

' 4Q ' 7/V 
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group, provided that position is open, and with phenols in the 
o-position to the hydroxy-group, and that no condensation in the 
m-position to the alkyloxy- or hydroxy-group can be effected. 
The constitutional formula of the chlorohydroxybenzoyltoluic acid 
may therefore be either (III) or (V). As a-substituted phthalic 
anhydrides usually condense with phenol and its ethers through the 
carbonyl group adjacent to the substituent (Bistrzycki and Schepper; 
Simonsen and Kau; Simonsen; Eder and his co-workers; Bis¬ 
trzycki and Krauer; Adams and his collaborators; locc . cit), it is 
highly probable that the chlorohydroxybenzoyltoluic acidis 5'-chloro- 
2'-hydroxy-2-benzoyl-m-toluic acid (III). 

By the action of concentrated sulphuric acid (98*25%) on the 
chlorohydroxybenzoyltoluic acid, an anthraquinone derivative, 
m. p. 223—224°, was obtained, and this should be 5-chloro-8-hydr- 
oxy-1 -methylanthraquinone. 

When 5'-chloro-2'-hydrox3 r -2-benzoyl-m-toluic acid was treated 
with concentrated sulphuric acid on the steam-bath, the greater 
part of the product was soluble in aqueous sodium carbonate. 
Two isomeric substances, differing in solubility, crystalline form, 
and in the amount of water of crystallisation of their salts, were 
obtained by fractional crystallisation of the recovered acids from 
alcohol; one melted at 171—171*5° and the other at 238—239°. The 
latter was proved to be identical with the initial substance by the 
mixed melting point method. These two isomerides are designated 
a- and (3-5'-ehloro-2'-hydroxy-2-benzoyl-m-toluic acid, respectively. 

After the isolation of the a- and (3-acids from the material soluble 
in sodium carbonate, the residue (C) melted at about 160—165° 
and was difficult to purify by further fractional crystallisation. 

The oc-acid (m. p. 171—171*5°) was treated with concentrated 
sulphuric acid, and the isolation of the products carried out, as 
in the case of the p-acid; the anthraquinone derivative, the (3-acid, 
unchanged a-acid, and the residue (O'), from which it was difficult 
to separate the a- and (3-acids by further fractional crystallisation, 
were then obtained. 

When treated with concentrated sulphuric acid on the steam- 
bath, the residue C or C' gave essentially the same results as those 
obtained from the a- or the (3-acid. Therefore the residues C and 
O' seem to consist of somewhat impure mixtures of the a- and 
(3-acids, and the percentages of these acids in them can be approxim¬ 
ately deduced from a table of melting points of mixtures of the 
two acids. 

On treating the a-acid, the (3-acid, the residue C and the residue C' 
separately with concentrated sulphuric acid at room temperature, 
the anthraquinone derivative was not obtained, but in each case 
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the a- and (3-acids could be isolated. Consequently the production 
of the anthraquinone derivative from the a- or the [3-acid is preceded 
by a reversible change between these acids. 

The a- and the [3-acid, being so readily interconvertible on treat¬ 
ment with concentrated sulphuric acid, are probably stereo- 
isomeric, and this view is supported by the great similarity of their 
ultra-violet absorption curves. This theory of the isomerism may 
be illustrated by the following formulas: 



At present there is no diagnostic reaction which will enable us to 
apportion these configurations, but since in an equilibrium mixture 
of the two acids at about 100° the amount of the (3-acid is very 
small and that of the a-acid is great, whilst the yield of the anthra¬ 
quinone derivative is relatively small, it seems probable that the 
configuration (VII) is that of the a-acid. 

The Kaufler diphenyl configuration (Annalen, 1907, 351, 151; 
Ber 1907, 40, 3250) has been employed by Cain and his col¬ 
laborators (J., 1914, 105, 1437, 1442, etc.), by Turner (J., 1915, 
107, 1495), by Kenner and his co-workers (J., 1922, 121, 614; 
1923, 123, 779, 1043, 1948), by Brady and McHugh (J., 1923, 123, 
2047), by Bullock and Wilson (J. Amer . Chem. Soc 1923, 45, 521), 
and by many other chemists to account for the stereoisomerism of 
diphenyl derivatives.* Moreover, Kaufler and Basel (Ber., 1907, 
40, 3253) and Kenner (J., 1922,121, 614) expected the existence of 
stereoisomerides of the same kind in derivatives of diphenyl- 
methane and diphenylethane, but so far as the author is aware, 
their existence has not been reported. In the case of S'-bromo- 
2'-hydroxy-2-benzoyl-m-toluic acid, the author obtained results 
similar to those described above in connexion with the chloro- 
derivatives. 

When 5'-chloro-2'-hydroxy-o-benzoylbenzoic acid, obtained by 
condensing phthalic anhydride with ^-chloroanisole or p-chloro- 
phenol, was heated with concentrated sulphuric acid (98-25%) on 
the steam-bath, 4-chloro-l-hydroxyanthraquinone was easily ob¬ 
tained in 90% yield (compare Uflmann, D.R.-P. 282,493), but 
interaction over-night at room temperature gave only a 5% yield 

* More recent investigations have shown that the conception is not even 
necessary for the satisfactory explanation of the chemistry of the diphenyl 
group, and as a result of these developments in the period following the 
writing of this communication the author feels that the alternative structural 
explanation of his results requires all the more careful consideration. 
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of the anthraquinone, 92% of the original substance being recovered. 
In these experiments, two isomerides of 5'-chloro-2'-hydroxy-o- 
benzoylbenzoic acid, anticipated from the analogy with the above- 
mentioned benzoyltoluic acids, were not encountered. This cir¬ 
cumstance lends some colour to the view that the isomerism of 
these substituted benzoylbenzoic acids is, after all, structural in 
accordance with one of the schemes : 



Obviously, in this case the shikizarin ultimately obtained would be 
a homogeneous product, whereas the chlorohydroxymethylanthra- 
quinone might consist of two isomerides. Experience in the 
anthraquinone group suggests that such a mixture might simulate 
the behaviour of a pure substance. 

The investigation of the analogous isomerism of other derivatives 
of benzoylbenzoic acid is in progress with the object of deciding 
between the two possible interpretations of the results. 

Experimental. 

$-5'-CMoro-2'-hydroxy-2-benzoyl-m-toluic Acid. —3-Methylphthalic 
anhydride (10 g., m. p. 115-5—116-5°) was dissolved in acetylene 
tetrachloride (50 c.c.), mixed with p-chloroanisole (10 g.), and finely 
powdered aluminium chloride (25 g.) gradually added in the course 
of 1—1| hours, with frequent shaking, the temperature being 
maintained at 115—120° (oil-bath) during the addition and there¬ 
after at 120—130° for 3 hours. The product was cooled, mixed 
with ice-water and, after the addition of an excess of hydrochloric 
acid, distilled in steam in order to remove ^-chloroanisole and 
acetylene tetrachloride. The solid residue was extracted several 
times with boiling ammonia solution,* and the ammoniacal extracts 

* CMorohydroxymethylanthraquinone (7% of the theoretical) was isolated 
from the part insoluble in a mm onia, and proved to be identical with the 
anthraquinone derivative, which was obtained from the a- or jS-5 / -chloro-2 / 
hydroxybenzoyltoluic acid, by the method of mixed melting points. 
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were freed from ammonia and cooled; the resinous substance that 
separated was removed. On acidification of the filtrate, impure 
P-5'-chloro-2'-hydroxy-2-benzoyl-m-toluic acid, m. p. about 210— 
220°, separated in 75% yield. The acid was redissolved in caustic 
alkali or in ammonia and the solution was boiled with animal 
charcoal, filtered, and acidified with hydrochloric acid; the almost 
colourless material thus precipitated was washed with water and 
crystallised from alcohol or glacial acetic acid (Found: C, 61*7; 
H, 4*0; Cl, 12*4; M, in camphor by Fast’s method, 285. C 15 H n 0 4 Cl 
requires C, 62*0; H, 3*8; Cl, 12*2%; M , 291). This acid melts 
at 238—239°, and dissolves readily in hot alcohol or glacial acetic 
acid, but is sparingly soluble in the cold solvents. It is easily 
soluble in acetone, slightly soluble in benzene, carbon tetrachloride, 
carbon disulphide or chloroform, and very sparingly soluble in light 
petroleum or water. The yellow solution in concentrated sulphuric 
acid develops a deep red colour. The crystalline form : rhombic 
system, 6c P (from alcohol). The ultra-violet absorption curve of 
this acid, determined with a Hilger quartz spectrograph, shows two 
bands with heads at X 3350 and 2860 A.U. 

In an experiment similar to that described above but starting 
from 3-methylphthalic anhydride (10 parts) and p-chlorophenol 
(9 parts), a substance, m. p. 215—225°, was isolated in 70% yield. 
(Chlorohydroxymethylanthraquinone, 7% of the theoretical quan¬ 
tity, was also isolated from the part insoluble in ammonia.) This 
was purified and identified as P-5 / -chloro-2'-hydroxy-2-benzoyl-m- 
toluic acid, since its m. p. was not depressed on admixture with the 
(3-acid. 

The sodium and barium salts were prepared by neutralising hot 
alcoholic solutions of the acid with solutions of the corresponding 
bases, and recrystallised from water by cooling their solutions with 
ice. The specimens were kept in a balance room until the weight 
was constant for a few hours [Found for the sodium salt (temper¬ 
ature of the room, 12°; relative humidity, 85%): loss at 105°/10mm., 
25*6; Na, 5*4. C 16 H 10 O 4 ClNa,6H 2 O requires H 2 0, 25*7; Na, 5*5%. 
Found for the barium salt (temperature of the room, 11°; relative 
humidity, 84%) : loss at 105°/10 mm., 16*6; Ba, 15*7. 
(C 15 H 10 O 4 Cl) 2 Ba,8H 2 O requires H 2 0, 16*7; Ba, 16*0%]. On 
standing in the atmosphere, the water of crystallisation was gradu¬ 
ally lost, the more quickly the higher the room temperature. The 
sodium salt is readily soluble and the barium salt moderately 
easily soluble in water. 

oc-5' -Chloro-%-hydroxy-2-benzoyl’WL-toluic Acid .—The (3-acid (l g.) 
was heated with sulphuric acid (6 c.c.; 98*25%) in a boiling water- 
bath for about 1 hour. On pouring the product into ice-water, a 
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dirty green, sticky precipitate separated and after warming for a 
few minutes this was collected, washed with water by decantation, 
and stirred with an excess of dilute aqueous sodium carbonate; a 
yellow substance (20—25% yield), m. p. 220 — 222 °, remained 
undissolved. This substance was recrystallised several times from 
glacial acetic acid and proved to be chlorohydroxymethylanthra- 
quinone (see p. 2524). From the yellow filtrate, acidified with 
hydrochloric acid, a sticky substance was precipitated which 
crystallised on being warmed for a few minutes or kept at the 
ordinary temperature for several days. The solid was collected, 
washed with water, and dried over sulphuric acid in a vacuum 
desiccator, a faintly yellow, crystalline mass being obtained (yield, 
55— 75 %). It sintered at about 160° and melted to a clear liquid 
at about 170°. On fractional crystallisation from alcohol, two 
forms were separated. The residue (C), from which nothing definite 
could be isolated by further recrystallisation, melted at 160—165° 
(yield, 10—30% of the ( 3 -acid). The less soluble fraction (yield, 
about 1 %), m. p. 220—235°, was recrystallised from alcohol and 
proved to be identical with the ( 3 -acid by the mixed melting point 
method. The more soluble fraction (yield, 35—50%) melted at 
169—171° an d was recrystallised several times from aqueous 
alcohol (Found: C, 61-8; H, 3*8; Cl, by Nomura and Murai’s 
method, 11*9; M } in camphor by Bust’s method, 287. C 15 H 11 0 4 C1 
requires C, 62*0; H, 3*8; Cl, 12*2%; 291). The substance is 

moderately easily soluble in benzene, dissolves to some extent in 
water, and is readily soluble in alcohol or glacial acetic acid. It 
dissolves in concentrated sulphuric acid to a deep red solution, a 
little heat being developed. Like the (3-isomeride, it is soluble in 
dilute aqueous caustic alkali to a yellow solution. Crystalline 
form: rhombic system, do P, P (from a mixture of alcohol and 
water). This acid has two absorption bands with heads at X 3390 
and 2860. 

a- 5' - Chloro-2' -hydroxy-2 - benzoyl-w-toluic acid was treated with 
sulphuric acid (98*25%) under the same conditions as in the case 
of the ( 3 -aeid, and the separation and identification of the reaction 
products were carried out as before. In this separation the chloro- 
hydroxymethylanthraquinone and the (3-acid, together with the 
initial substance, were isolated. Nothing definite could be isolated, 
by further recrystallisation, from the residue (O'). 

However, the a- and (3-acids and the chlorohydroxymethyl- 
anthraquinone were isolated from the residue (C or C^) by applying 
the same method as in the preceding cases, after treatment with 
concentrated sulphuric acid (98*25%). 

In the latter three cases, the percentages of the a- and p-acids 
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and of the chlorohydroxymethylanthraquinone thus formed were 
almost the same as in the case of the p-aeid. The details are given 
below in tabular form. 


Table I. 


Action of 98*25% Sulphuric Acid at about 95°. 


Insoluble in dil. 
HAaCOs soln. (crude 


Initial 

antbraquinone 

substance, 

, derivative). 


M. p. 

%• 

£-Acid 

220—222° 

20—25 

a-Acid 

219—222 

20—25 

Residue 

210—220 

20—25 


Cor C' 


Soluble in dilute sodium carbonate solution. 


M. p. 

%• 


M. p. 

0/ 

/O’ 

160—170° 

55—75 

Crude a-acid 

169—171° 

35—50 



Crude /3-acid 

220—235 

1 



Residue (C) 

160—165 

10—30 

158—170 

60—70 

Crude a-acid 

168—170 

30—50 



Crude jS-acid 

220—230 

trace 



Residue (C') 

160—165 

20—30 

158—170 

60—70 

Crude a-acid 

169—170 

30—50 



Crude #-acid 

220—235 




Residue 

ICO—165 

10—30 


The anthraquinone derivative was not obtained when a solution 
of the a- or the P-acid or of the residue (C or C') in concentrated 
sulphuric acid (98*25%) was kept over-night at room temperature 
(see Table II). This method is preferable for the preparation of 
the a-acid from the p-acid. 


Table II. 


Action of 98*25% Sulphuric Acid at Room Temperature. 


Initial 

substance. 

jS-Aeid 


a-Acid 


Residue 
C or C' 


Soluble in dilute sodium carbonate solution. 


M. p. 

168—170*5° 


%• 

95—98 Crude a-acid 

Crude /S-acid 
Residue (D) 
„ Crude a-acid 

Crude jS-acid 
Residue (D') 
„ Crude a-acid 

Crude j3-acid 
Residue 


M. p. %. 

170—171° 70—80 

could not be separated 
163—168 15—25 

169—171° 70—80 

could not be separated 
163—168 20—25 

169—171° 60—80 

could not be separated 
160—166 15—20 


It is clear from the data in Table III that the velocity of the 
reaction by which the p-acid changes to the a-acid is extremely 
rapid. 


Table III. 

The p-acid (0*1 g.) was treated with 98*25% sulphuric acid (1 c.c,) 


at 24° for the times stated. 

Reaction % a-Acid 
Time product, (from 

(mins.). m. p. Table IV). 
5 162*5—169° 75—80 

10 162*5—165 ca. 80 

16 162 —166 ca. 85 


Reaction % a-Acid 
Time product, (from 
(mins.). m. p. Table IV). 

21 165*5—168-5° ca, 93 

30 165*5—169 ca. 95 

60 168-5—170*5 ca. 98 
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Table IV. 


Melting Points of Mixtures of the a- and (3-Acids. 


jS-Acid %. 

a-Acid %. 

M. p. 

0-Aeid %. 

a-Acid %. 

M. p. 

0-0 

100-0 

171—171-5° 

18*7 

81-3 

162—165 c 

1*3 

98-7 

169—171 

19-2 

80-8 

162—166 

2-4 

97-6 

168—170 

24-2 

75-8 

162—200 

3-6 

96-4 

166—170 

29-2 

70*8 

162—205 

9-5 

90*5 

163—167 

40-4 

69-6 

162—215 

13-4 

S6-6 

163—167 

49-5 

50-5 

162—220 


The sodium and barium salts of the a-aeid were prepared and 
analysed under conditions similar to those described for the sodium 
and barium salts of the [3-acid. The sodium salt is readily soluble 
in water and closely resembles the sodium salt of the (3-acid (Found : 
loss at 105710 mm., 19-0; Na, 5*9. C 15 H 10 O 4 ClNa,4H 2 O requires 
H 2 0,18*7; Na, 6 * 0 %). The barium salt is moderately easily soluble 
in water and does not effloresce at about 12° [Found: loss at 
105710 mm., 4*7; Ba, 18-4. (C 15 H 10 O 4 Cl) 2 Ba,2H 2 O requires H 2 0, 
4*8; Ba, 18*3%]. The solubility of the oc-aeid and its salts is 
generally greater than that of the (3-acid and its salts. 

ChlorohydroxymdJiylanthraquinone. —A mixture of a- or (3-5'-chloro- 
2 '-hydroxy- 2 -benzoyl-m-toluic acid (1 g.) and sulphuric acid (6 c.c.; 
98*25%) was heated at 115—120° for about an hour, cooled, and 
added to ice-water, and the green precipitate that separated was 
collected and treated with an excess of dilute sodium carbonate 
solution. A yellow substance (yield, 65%), m. p. 220—222°, 
remained undissolved; after several recrystallisations from glacial 
acetic acid it melted at 223—224° (Found : C, 65*8; H, 3*6; Cl, 
13*3. C 15 H 9 0 3 C1 requires C, 66 * 1 ; H, 3*3; Cl, 13*0%). This sub¬ 
stance is easily soluble in hot benzene, appreciably soluble in hot 
glacial acetic acid, and sparingly soluble in hot alcohol. It dis¬ 
solves with difficulty in caustic alkalis and easily in concentrated 
sulphuric acid, giving a red solution in each case. 

5: &-DiJiydroxy -1 -methylanthraquinone (&-Methylquinizarin ).— 

Chlorohydroxymethylanthraquinone (1 g.) was gradually added to 
a solution of boric acid (2*4 g.) in concentrated sulphuric acid 
(10 c.c.) at 140—150°, and the whole was heated at 150—160° until 
the evolution of hydrogen chloride ceased. After cooling, the 
product was poured into ice-water, and the reddish-black precipitate 
was collected, and well washed with hot water. The substance 
was purified by dissolution in caustic soda and reprecipitation 
(yield, about 50%) and then by crystallisation several times from 
isobutyl alcohol or glacial acetic acid (Found: C, 70*6; H, 4*0. 
Calc., C, 70*9; H, 4*0%). The dark red crystals melted at 233— 
234° and at the same temperature when mixed with a specimen of 
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8-methylquinizarin (m. p. 232—233°) obtained from shikonin by 
Majima and Kuroda (loc. cit.). 

-Bromo-2'-hydroxy-2-benzoyl-m.4oluic Acid .—Aluminium chlor- 
ide (12*5 g.) was gradually added to a solution of 3-methylphthalic 
anhydride (5 g.) and p-bromophenol (7*5 g.) in acetylene tetra¬ 
chloride (20 c.c.), and the subsequent treatment and the separation 
of the reaction products were carried out as in the case of the 
chloro-derivative. Impure (3 - 5' - bromo- 2 ' - hydroxy-2-bcnzoyl-m-toluic 
acid , m. p. about 220—230°, was obtained in 75% yield from the 
part soluble in ammonia, and bromohydroxymethylanthraquinone 
in about 6% yield from the insoluble part. The former, after 
several crystallisations from alcohol, had m. p. 246—246*5° (Found : 
C, 53*8; H, 3*5; Br, by Nomura and Murai’s method, 23*8. 
Ci 5 H n 0 4 Br requires C, 53*7; H, 3*3; Br, 23*8%). It is easily 
soluble in hot alcohol, hot glacial acetic acid or hot acetone, and 
sparingly soluble in carbon disulphide, carbon tetrachloride or 
benzene. It is very sparingly soluble in water or light petroleum. 
The solution of this acid in concentrated sulphuric acid is at first 
yellow, but soon becomes deep red. The acid is also soluble in 
dilute caustic alkali to a yellow solution. It exhibits an absorption 
band with a head at X 3335. 

The bromohydroxymethylanthraquinone mentioned above was 
proved to be identical with bromohydroxymethylanthraquinone, 
which was obtained from a- or P-5'-bromo-2'-hydroxy-2-benzoyl- 
m-toluic acid, by the mixed melting point method. 

*-5'-Bromo-2'-hydroxy-2-benzoyl-m-toluic Acid .—After a solution 
of (3-5'-bromo-2'-hydroxy-2-benzoyl-ra-toluic acid in sulphuric acid 
{6 c.c.; 98*25%) had been heated in the boiling water-bath for 
| hour, the reaction products were treated with an excess of dilute 
sodium carbonate solution, bromohydroxymethylanthraquinone, a 
yellow substance, m. p. 187—195°, remaining undissolved (yield, 
8—10%); a crystalline mass, m. p. 157—162° (yield, 70—85%) was 
obtained from the yellow filtrate on acidification with hydrochloric 
acid. On repeated crystallisation from alcohol, two fractions were 
isolated. The less soluble crystals (about 1%) melted at 240— 
243°, and the more soluble ones (50—70%) at 161—164°. The 
former fraction was recrystallised from alcohol and proved to be 
identical with (3-5'-bromo-2'-hydroxy-2-benzoyl-w-toluic acid by 
the mixed melting point method. The latter was recrystallised 
from aqueous alcohol (Found: C, 53*7; H, 3*5; Br, by Nomura 
and Murai’s method, 24*1. C 15 H n 0 4 Br requires C, 53*7; H, 3*3; 
Br, 23*8%). This isomeride melts at 163*5—164°, and is readily 
soluble in alcohol* glacial acetic acid, or acetone, moderately readily 
soluble in benzene, carbon disulphide, or carbon tetrachloride, and 

. 4 0,2 :„v. 
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very sparingly soluble in light petroleum or water. Its solubility 
is generally greater than that of the (3-acid. It dissolves in con¬ 
centrated sulphuric acid and in dilute aqueous caustic alkali, giving 
a red and a yellow solution, respectively. This acid has an absorp¬ 
tion band with a head at 1 3345. 

The a-acid was treated with sulphuric acid (98-25%) at 100°, 
and bromohydroxymethylanthraquinone and the a- and (3-acids 
were then separated by applying the method used in the case of the 
(3-aeid. The same results were obtained from the residue (R or 
R') (see Table V). 

Table V. 

Insoluble in dil. 


Initial 

substance. 

Xa 3 C0 8 soln. (crude 
anthraquinone 
derivative). 

M.p. %. 

Soluble in dilute sodium carbonate solution. 

- 

M. p. 

%. 


M. p. 

\ 

%. 

0-Acid 

187—195° 

8—10 

157—162° 

70—85 

Crude a-acid 
Crude 0-acid 
Residue (R) 

161—164° 

240—243 

158—161 

50—70 

1 

10—25 

a-Acid 

188—194 

5—10 

159—162 

70—85 

Crude a-acid 
Crude 0-acid 
Residue (R') 

163—164 50—70 

very Bmall 
158—161 10—25 

Residue 

R or R' 

187—195 

5—10 

158—161 

70—85 

Crude a-acid 
Crude 0-acid 
Residue 

163—164 

240—245 

158—161 

40—70 

1 

10—30 


The Sodium and Potassium Salts of a- and (3-5' -Bromo -2' -hydroxy- 
2-benzoyl-m-toluic Acids .—These salts were prepared by neutralising 
hot alcoholic solutions of the acids with solutions of the correspond¬ 
ing alkali hydroxides, and recrystallised from water by cooling in 
ice. After standing in a balance room until the weight was constant 
for a few hours, they were analysed (Temp, of room, 6°; relative 
humidity, 87%. Pound for sodium salts of a-acid and of (3-acid, 
respectively : loss at 105°/10 mm., 17-0 and 23*5; Na, 5*4 and 5*0. 
c 1B n 10 0 4 BrNa,4H 2 0 and C 15 H 10 O 4 BrNa,6H 2 O respectively require 
HgO, 16*8 and 23*2; Na, 5*4 and 4*9%. Temp, of room, 11°; 
relative humidity, 83%. Pound for potassium salts of a-acid and 
of (3-acid, respectively : loss at 105°/10 mm., 4*3 and 12*4; K, 9-8 
and 9*1. C 15 H 10 O 4 BrK,H 2 O and O 16 H 10 O 4 BrK,3H 2 O respectively 
require H 2 0, 4*6 and 12*7; K, 10*0 and 9*2%). The two sodium 
salts and the (3-potassium salt gradually lost their water of erystal- 
lisatiQn in the air. 

Bromohydroxymethylanthraquinone .—The above-mentioned anthra- 
quinone derivatives obtained from a- and (3-5'-bromo-2'-hycLroxy- 
2-benzoyl-m-toluic acids and the residues (R and R') crystallised 
separately from isobutyl alcohol in yellow crystals, m. p. 198— 
. 198-5°, and were proved to be identical with each other by the 
mixed melting point method (Pound: 0, 56*7; H, 3*0; Br, by 
Nomura and Murai’s method, 25*15. C 15 B^0 3 Br requires C, 56*8; 
•H, 2*9; Br> 25*2%). This bromohydroxymethylanthraquinone is 
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easily soluble in benzene, glacial acetic acid, isobutyl alcohol, 
carbon disulphide, carbon tetrachloride, and acetone when the 
solvents are hot. It is moderately readily soluble in alcohol and 
sparingly soluble in light petroleum. It dissolves to a slight extent 
in dilute aqueous caustic alkali and easily in concentrated sulphuric 
acid, giving red solutions. 

In conclusion, the author wishes to express his gratitude to 
Professor Riko Majima, at whose suggestion this investigation was 
made, for his advice and helpful criticism, to Dr. Hiroshi Nomura 
for the micro-analyses, to Saichiro Nagarni Rg. s. for the spectro- 
graphic investigation, and to Kenjiro Kato Rg. s. for the crystallo¬ 
graphic measurements. 

T6hokxt Imperial University, 
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CCCXXXVII .—Reactions of Thiosemicarbazones . 
Part HI. 

By William Baird, Robert Burns, and Porsyth James 

Wilson. 

It has been found that the sodium derivative of acetonethiosemi- 
carbazone reacts with ethyl, propyl, allyl, and butyl halides, also 
with ethyl <o-bromo-o-toluate, to give $-alkyl compounds of the 
type CMe 2 IN’NIC(SR)*NH 2 . Whilst #-benzylthiosemicarbazide (J., 
1922, 121, 870) gave a monohydrochloride only and the benzylidene 
derivative was non-basic, the ^-alkylthiosemicarbazides described 
in this paper are diacid bases giving dihydrochlorides of the type 
NH 2 *NIC(SR)‘NH 2 ,2HC1, which were obtained from the parent 
compounds by hydrolysis with acid. The benzylidene derivatives 
are monoacid bases and were obtained as monohydrochlorides, 
CHPh!N-N.*C(SR)*NH 2 ,HCl. These acetone- and benzaldehyde-$- 
alkylthiosemicarbazones melt at much lower temperatures than the 
thiosemicarbazones themselves and it therefore appears probable 
that the thiosemicarbazones contain the group -CIS and not ~OSH. 

Whilst the sodium derivative of acetonethiosemicarbazone reacts 
with esters of a-halogenated monobasic acids to produce cyclic 
compounds (J., 1923, 123, 799), esters of (3- and y-halogenated 
monobasic acids behave quite differently. With ethyl [3-chloro- 
7&-butyrate and ethyl (3-bromo-p-phenylpropionate, elimination of 
hydrogen halide as sodium halide occurred with formation of 
acetonethiosemicarbazone and the unsaturated ester, ethyl croton- 



2528 


BATED, BURNS, AND WILSON : 


ate and ethyl cinnamate, respectively : ethyl y-chlor o-w-butyrate, 
ethyl y-chloro-7i-valerate. and ethyl y-chloroi$ohexoate reacted in 
a similar way. These reactions were carried out in alcoholic 
solution; in benzene suspension, no reaction took place even after 
several hours’ boiling. 

The interaction of thiosemicarbazones and primary amines, 
when hot, takes place according to the scheme 
+R"NH a = CRR'IN'NH'CS'NHR" + NH S , yielding ^-substituted 
thiosemicarbazones with the alkyl or aryl group attached, not to 
sulphur as in the preceding cases, but to nitrogen. The reaction 
is similar to that between semicarbazones and primary amines 
investigated by Borsche and others (Ber., 1901, 34, 4299; 1904, 
37, 3177; 1905, 38, 83) and by workers in these laboratories; 
thiosemicarbazones, however, react much more slowly. Acetone- 
thiosemicarbazone was chiefly employed, the amines being benzyl- 
amine, a-phenylethylamine, aniline, p-naphthylamine, and %-heptyl- 
amine. These 8 -substituted thiosemicarbazones on hydrolysis with 
dilute hydrochloric acid yielded the corresponding thiosemicarb- 
azide hydrochlorides, NH 2 -]SrH-CS‘NHR / ' J HCl, with the exception 
of the (3-naphthyl derivative, which suffered further decomposition; 
from these hydrochlorides the thiosemicarbazides were obtained. 
That these compounds contain the substituent in the ^-position is 
evident from the fact that acetonethiosemicarbazone and aniline 
yielded a product identical with a specimen of aeetone-8-phenyl- 
thiosemicarbazone prepared in the usual way; also S-benzylthio- 
semicarbazide, synthesised from benzylthiocarbimide and hydrazine 
hydrate, CH 2 Ph'NCS + NH 2 -NH 2 = CH 2 Ph'NH-CS-m-NH 2 (a 
general reaction for the preparation of such substances), was 
identical with the compound obtained by us. 

It is hoped to prepare the optically active S-a-phenylethylthio- 
semicarbazides and to investigate possible applications of these 
compounds. 

Experimental. 

l 

The Beaction between the Sodium Derivative of Acetc^ethiosemi - 
carbazone and Alkyl Halides. —■. Procedure . Alcoholic solutions of 
acetonethiosemicarbazone and sodium ethoxide (eq\|tmolecular 
quantities) were mixed, boiled for 10 minutes, and <k>oled, the 
alkyl halide (1 mol.) was then added, and after 12 hours the mixture 
was heated under reflux for 15 minutes. The solution was then 
evaporated to dryness under reduced pressure and the acetone- 
$-aIkylthiosemicarbazone was separated from the sodium halide 
and acetonethiosemicarbazone by dissolving it in ether; after 
evaporation of the ether, it was recrystallised from light petrole um . 
These compounds were readily soluble in the usual organic solvents* 
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Hydrolysis was effected by boiling under reflux for 15 minutes 
with 0*5iV-hydrocMoric acid; unchanged substance and any 
mercaptan formed were then removed by extraction with ether, 
the acid solution was concentrated under reduced pressure, and 
the $-alkylthiosemicarb azide dihydrochloride obtained in the solid 
form by keeping the residual syrup over sulphuric acid or phos¬ 
phorus pentoxide in an evacuated desiccator. These dihydro¬ 
chlorides were very hygroscopic and very soluble in water. 

The benzylidene monohydrochloride was obtained by shaking 
an aqueous solution of the dihydrochloride with a little benzalde- 
hyde, washing the product with a little ether, and then precipitating 
it from alcoholic solution by addition of ether. These compounds 
were readily soluble in alcohol and sparingly soluble or insoluble 
in benzene, ether, and water. The benzylidene derivative itself 
was obtained by treating the monohydrochloride with the necessary 
quantity of sodium carbonate in aqueous-alcoholic solution, evapor¬ 
ating the solution to dryness under reduced pressure, extracting 
the residue with ether, and, after evaporation of the ether, re- 
crystallising the product from light petroleum. These derivatives 
were soluble in the usual organic solvents. 

With ethyl bromide . Acetone-S-ethylthiosemicarbazone formed flat, 
transparent prisms, m. p. 55°, having a slight, unpleasant odour 
(yield, 65—70%) (Found : N, 264. C 6 H 13 lSr 3 S requires N, 264%). 
S-Ethylthiosemicarbazide dihydrochloride was obtained as a white 
powder after being kept for- several weeks over phosphorus pent- 
oxide; it melted indefinitely at about 60° (Found: HC1, 37*7. 
C 3 H 9 N 3 S,2HC1 requires HC1, 38* 0%). Benzaldehyde-S-ethylihiosemi - 
carbazone hydrochloride formed fine, colourless needles, m. p. 195° 
(Found: N, 17*2. C 10 H 13 N 3 S,HC1 requires N, 17*2%); benzalde- 
hyde-S-ethyUhicsemicarbazone formed flat prisms, m. p. 66 ° (Found : 
N, 20 * 2 . C 10 H 13 N 3 S requires N, 20 * 3 %). 

With propyl bromide. Acetone-S-propylthiosemicarbazone distilled 
at 121°/7$nm.; the distillate solidified on cooling in carbon dioxide 
and ethefiand then melted at 26—27° (Found : 1ST, 24*2. C 7 H 15 N 3 S 
requires B, 24*3%). S -Propylthiosemicarbazide dihydrochloride was 
a thick |yrup which would not solidify (Found: HC1, 35*3. 
C 4 H n N 3 S| 2 HCl requires HC1, 35*4%). Benzaldehyde-S-propylthio - 
semicarbadone hydrochloride formed lustrous needles, m. p. 209° 
(Found: N, 16*3. C U H 15 N 3 S,HC1 requires N, 16*3%); benzalde- 
hyde-S-prmylthiosemicarbazone formed short prisms, m. p. 54 ° 
(Found : sST, 18*9. C U H 15 N 3 S requires N, 19*0%). 

With afayl iodide . AcetoneS-allylthiosemicarbazone crystallised 
in flat, transparent prisms (yield, 75%), m. p, 51° (Found: N, 
24*5. C 7 H 13 N 3 S requires N, 24*6%). S-Attylthio&emicarbdzide di* 
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hydrochloride, a crystalline mass, melted at 75° (Found : HC1, 35*4. 
C 4 H 9 N 3 S,2HC1 requires HC1, 35*9%). Benzaldehyde-8-allylthiosemi- 
carbazone hydrochloride formed lustrous plates, m. p. 190° (Found : 
HC1,14-2; N, 16-2. C n Hi 3 N 3 S,HCl requires HC1,14-3; N, 16*4%); 
benzaldehyde-S-allylthiosemicarbazone formed transparent, rhombic 
prisms, m. p. 42° (Found : N, 19-0. C n H 13 N 3 S requires 1ST, 19*2%). 

With n-butyl bromide . Acetone- S -butylthiosemicarbazone, a colour¬ 
less oil of b. p. 146°/16 mm., did not solidify when strongly cooled 
and became slightly coloured on standing (Found: 1ST, 22*4. 
C 8 H 17 K 3 S requires N, 22*5%). S-J Butylihiosemicarbazide dihydro- 
chloride formed a crystalline mass, m. p. 100—101° (decomp.) 
(Found : HC1, 33*1; N, 19*1. C 5 H 13 H 3 S,2HC1 requires HQ, 33*2; 
IT, 19*1%). Benzaldehyde-8-butylihiosemicarbazone was obtained as 
a viscid oil which solidified on cooling in ether and carbon dioxide; 
the solid, after being pressed on porous tile, crystallised from light 
petroleum in transparent prisms, m. p. 50° (Found: N, 17*8. 
C 12 H 17 N 3 S requires N, 17*9%). 

With ethyl <a-bromo-o-toluate. Acetone-8 -o- carbethoxybenzylthiosemi- 
carbazone, CMe 2 :N*N.*C(S*CH 2 *C 6 H 4 -C0 2 Et)*NH 2 , formed pale yellow, 
transparent prisms, m. p. 66°, from light petroleum containing a 
little benzene; yield, 70% (Found: N, 14*3. C 14 Hi 9 0 2 N 3 S re¬ 
quires N, 14*3%). S-o -Carbethoxybenzylthiosemicarbazide dihydro¬ 
chloride, NH 2 *N:C(S*CH 2 *C 6 H 4 *C0 2 Et)*NH 2 ,2HCl,a crystalline mass, 
melted at 125—130° (decomp.) (Found: HC1, 22*2; IT, 12*7. 
0 11 H 15 0 2 lSr 3 S,2HCl requires HC1, 22*4; IT, 12*9%). Benzaldehyde- 
8>-o-carbethoxybenzylthiosemicarbazone hydrochloride formed lustrous, 
white plates, m. p. 115°, containing 1H 2 0 (Found: HC1, 8*7; IT, 
10*5. C 18 H 19 0 2 N 3 S,HC1,H 2 0 requires HC1, 9*2; IT, 10*6%); benz- 
(Mehyde-8-Q-mrbethoxybenzylthiosemicarbazone crystallised from light 
petroleum, containing a little benzene, in short, transparent prisms, 
m, p. 74° (Found : IT, 12*2. C 18 H 19 0 2 N 3 S requires N, 12*3%). 

Interaction of Thiosemicarbazones and Primary Amines when 
Hot. — Procedure. With one exception (acetophenonethiosemicarb- 
azone, as noted below), acetonethiosemicarbazone was used through¬ 
out. Equimolecular quantities of the reactants were heated under 
reflux in toluene solution or suspension at 125—130° until evolution 
of ammonia ceased; if necessary, the solution was then evaporated 
under reduced pressure. Hydrolysis was effected by refluxing with 
6% hydrochloric acid, followed, if necessary, by evaporation under 
reduced pressure. 

With benzylamine (20 hours). On cooling, acetone-S-benzylthio- 
semicarbazone and a little unchanged substance separated. The 
product was crystallised from alcohol (prismatic needles) and then 
from benzene (plates); it melted at 147—148°, had a slightly 
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creamy tint, and was insoluble in ether and light petroleum (yield, 
65%) (Found: N, 18*9; S, 14-4. C n H 15 N 3 S requires N, 19*0; 
S, 14*5%). After hydrolysis (1 g,; 20 c.c. of acid; 20 minutes) 
the solution, which contained acetone as shown by distillation, 
was filtered from a small amount of insoluble matter and evapor¬ 
ated after removal of the crystals which separated on cooling. 
The residue and the crystals were united and extracted with abso¬ 
lute alcohol to remove hydrazine hydrochloride; the alcoholic 
extract on cooling deposited §-benzylthiosemicarbazide hydrochloride 
in colourless plates, of m. p. 189° (decomp.) after recrystallisation 
(yield, 87%). It was insoluble in ether and benzene, but soluble 
in warm water (Found: Cl, 16*2. C 8 H 1;l N 3 S,HCl requires Cl, 
16*3%). The formation of hydrazine hydrochloride and an odour 
of cress (due probably to thiocarbimide) after the hydrolysis showed 
that some decomposition had occurred. S-Benzylthiosemicarbazide 
was obtained by boiling 0*8 g. of the hydrochloride with 20 c.c. of 
water for 5 minutes (an odour of thiocarbimide was apparent); 
the base deposited on cooling was recrystallised from absolute 
alcohol and then from benzene. It formed glistening leaves (yield, 
76%), m. p. 130°, insoluble in light petroleum and slightly soluble 
in ether and water. The aqueous solution gave a white precipitate 
with silver nitrate (Found : N, 23*2. C 8 H n N 3 S requires N, 23*2%). 
The benzylidene derivative, prepared from benzaldehyde and the 
base or the hydrochloride in aqueous-alcoholic solution, crystallised 
from light petroleum-alcohol in long, matted needles, m. p. 133— 
134° (Found : N, 15*7. C 15 H 15 N 3 S requires N, 15*6%). 3-Benzyl- 
thiosemicarbazide, identical with the specimen just described 
(mixed m. p. test), was prepared in good yield by mixing equi- 
molecular quantities of benzylthiocarbimide and hydrazine hydrate 
in ice-cold alcoholic solution. Heat was developed and the sub¬ 
stance, which soon separated, was recrystallised from alcohol 
(tabular prisms) and then from benzene (leaves); both forms 
melted at 130°. 

Acetophenonethiosemicarbazone and benzylamine reacted much 
more slowly (42 hours). Acetophenone-8-benzylthiosemicarbazone , 
which separated on cooling (a little more was obtained by evapor 
ation), crystallised from benzene as a mass of fine, colourless needles, 
m. p. 157—159°, and from alcohol in colourless plates, m. p. 160— 
161° (yield, 85%) (Found : N, 14*9; S, 11*2. C 16 H 17 N 3 S requires 
N, 14*8; S, 11*3%). The hydrolysis (1 g.; 20 c.c. of acid; 4J 
hours), which was slow and incomplete, gave acetophenone and 
3-benzylthiosemicarbazide hydrochloride besides hydrazine hydro¬ 
chloride and benzylthiocarbimide. 

With cc -phenylethylamine (35J hours). The solution after filtration 
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from a small quantity of insoluble matter and evaporation left a 
viscid oil which set to a transparent resin on cooling. The solution 
of this in a little hot absolute alcohol deposited crystals of acetone- 
S-cn-phenylethylthiosemicarbazone after cooling and scratching; re¬ 
crystallisation from alcohol gave colourless, tabular prisms, m. p. 
89—90° (yield, 66%) (Found: N, 18-0; S, 13-8. C I2 H 17 N 3 S 
requires N, 17-9; S, 13*6%). The substance was fairly soluble 
in benzene, sparingly soluble in light petroleum, and could be 
crystallised from a mixture of these solvents. The solution obtained 
by hydrolysis (1 g.; 20 c.c. of acid; 17 minutes) contained acetone 
and had an odour of thiocarbimide; a small quantity of an oil 
which was deposited on cooling was removed. The residue obtained 
by evaporation of the solution was dissolved in hot alcohol-benzene, 
and concentration in a vacuum then gave small, colourless plates of 
8-oc -phenylethylthiosemicarbazidehydrochloride, m.p. 157—158° (yield, 
80%) (Found : Cl, 15-5. C 9 H 13 N 3 S,HC1 requires Cl, 15*3%). The 
benzylidene derivative, prepared in the usual way, tended to separate 
as an oil but formed colourless plates, m. p. 128—129°, from light 
petroleum (Found : 1ST, 15*0. C 16 H 17 N 3 S requires N, 14*8%). An 
aqueous solution of the hydrochloride was boiled with barium 
carbonate, and the residue obtained by evaporation of the filtrate 
under reduced pressure was extracted with benzene. This extract, 
after drying and spontaneous evaporation in a vacuum, gave an 
oil which solidified on standing; recrystallisation from alcohol- 
light petroleum gave a crystalline mass of aL-phenylethylihiosemi- 
carbazide , m. p. 84°, which was extremely soluble in alcohol and 
sparingly soluble in light petroleum (Found : N, 21*6. C 9 H 13 N 3 S 
requires N, 21*5%). 

With aniline (20 hours at 120—125° and 17 hours at 130—135°). 
Some hydrogen sulphide was evolved and a small amount of in¬ 
soluble matter separated. After cooling and filtration, the toluene 
was evaporated, leaving a viscid oil which solidified on cooling 
and scratching. Recrystallisation from alcohol gave plates (yield, 
only 30%) of acetone-3-phenylthiosemicarbazone, which was identi¬ 
fied by comparison with an authentic specimen. The insoluble 
matter after recrystallisation from alcohol gave glistening leaves, 
softening at about 235° and melting at 245°. The quantity obtained 
was too small for identification. 

With $-naphihylamine (18 hours). An appreciable quantity of 
an insoluble substance was formed, and hydrogen sulphide and 
ammonia were evolved. The substance was collected and after 
extraction with boiling absolute alcohol was crystallised from 
alcohol-pyridine. The colourless crystals softened and darkened 
■frt about 266° and melted at about 275° (Found: N, 15*5%). 
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This substance may be di-^-naphthyliminotetrdhydrotModiazole 
(C 22 H 16 N 4 S requires N, 15-2%) produced from acetone-S-P-naphthyl- 
thiosemicarbazone by the reaction 2CMe 2 IN , NH*CS , NH> Ci 0 H 7 — 
CMe 2 :N-N:CMe 2 + C 10 H 7 -NH-CS-NH-]m-CS-NH-C 10 H 7> the hydr- 
azinedithiocarbo-P-naphthylamide then giving di-p-naphthylimino- 

nh-c:n-c 10 h 7 

tetrahydrothiodiazole, | ^>S , and hydrogen sulphide 

NH-C:N‘C 10 H 7 

(compare Busch and Schmidt, Ber., 1913, 46 , 2241, on the corre¬ 
sponding phenyl derivatives; also Pulvermacher, Ber., 1894, 27 , 
616). The toluene solution on cooling in ice deposited a substance 
which, after repeated recrystallisation from alcohol, benzene, and 
finally from alcohol to remove a little insoluble matter, gave yellow 
plates (yield, 60%) of cLcetone-S-fi-naphthylthiosemicarbazone, m. p. 
150—151°; from benzene it separated apparently amorphous, 
m. p. 137—138° (Found : 1ST, 16-4. C 14 H 15 N 3 S requires N, 16-3%). 
The substance was easily soluble in hot alcohol and hot benzene. 
Hydrolysis with acid gave acetone, hydrazine hydrochloride, a 
small amount of an unidentified hydrochloride which softened at 
175° and decomposed at 190°, and also a substance insoluble in 
water and alcohol. The last substance separated from alcohol- 
pyridine as a white, apparently amorphous powder, which began 
to decompose at about 220° and finally melted at 252°; it became 
slightly pink on standing (Found : N, 13-7. C 22 H 18 N 4 S 2 requires 
N, 13*9%). It is believed to be hydrazinedithiocarbo-$-naphihyl- 
amide , formed by decomposition of 3- p-naphthylthiosemicarbazide 
hydrochloride: 2(3m 2 -NH-CS-NH-C 10 H 7 ,HCl) = 

C 10 H 7 *NH*CS*NH-NH-CS*NH*C 10 H 7 + M* 2 H 4 ,2HC1. 

With n-heptylcimine (21 \ hours). The toluene solution on evapor¬ 
ation left a viscid oil which crystallised on cooling. On dissolving 
this in hot absolute alcohol and cooling the solution in ice, acetone - 
B-heptylthiosemicarbazone separated, and recrystallisation from light 
petroleum gave silvery, glistening plates (yield, 65%), m. p. 75° 
(Found : N, 18*4. CnH^lS^S requires N, 18*3%). The substance 
was easily soluble in benzene, ether, and carbon tetrachloride, and 
moderately or slightly soluble in other organic solvents. The 
solution obtained by hydrolysis (1 g.; 20 c.c. of acid; 10 minutes) 
contained acetone, and on cooling, %-heptylthiosemicarbazide hydro¬ 
chloride separated. This, on recrystallisation from light petroleum 
containing a little alcohol, formed silvery, glistening leaves, m. p. 
135—136°, which were easily soluble in hot water, very soluble in 
alcohol, and insoluble in other common solvents (Found: N, 18*5. 
C 8 H 19 N 3 S,HC1 requires N, 18*6%). The benzylidene derivative 
formed matted needles, m. p. 73°, from light petroleum (Found: 
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N, 15*3. C 15 H 23 U 3 S requires N, 15*2%). S-Heptylthiosemicarbazide, 
which formed silky, glistening, acicular plates, m. p. 54—55°, was 
prepared by boiling the hydrochloride with sodium carbonate in 
aqueous-alcoholic solution; the solution was filtered from the 
excess of sodium carbonate and allowed to evaporate spontaneously 
in a vacuum; extraction of the residue with hot light petroleum 
and recrystallisation from the same solvent gave the desired product 
(Found : N, 22*3. C s H 19 N 3 S requires N, 22*2%). 

In conclusion, we desire to thank the Governors of this College 
for Research Assistantships which have enabled two of us (W. B. 
and R. B.) to take part in this investigation. We wish also to thank 
the Carnegie Trust for the Universities of Scotland for a research 
grant which has partly defrayed the cost of this work. 

The Royal Technical College, 

Glasgow. [j Received, August 12th, 1927.] 


CCCXXXVIII .—The Atomic Weight of Antimony 
from Different Sources . 

By Kolab Ramakbishkaiyeb Krishkaswami. 

Theee determinations of the atomic weight of antimony have been 
made during the last seven years. Willard and MeAlpine [J. Amer. 
Chem . Soc., 1921, 43, 797) obtained the value 121*773, Weatherill 
{ibid., 1924, 46, 2437) 121*748, and Honigschmid, Linhard, and 
Zintl (Z. anorg . Chem., 1924, 136, 257) 121*76. These figures are 
in good agreement, but in each case the antimony used was obtained 
from Kahlbaum. Muzaffar (/. Amer. Chem. Soc., 1923, 45, 2009) 
has, however, published results for antimony from Brazil and other 
sources for which he obtained values varying from 121*444 to 
122*374. 

In order to see if similar variations were to be found with anti¬ 
mony from a different part of the world, determinations have been 
made with four ores of Indian and Burmese origin, whilst for com¬ 
parison parallel determinations have been conducted with a sample 
of Kahlbaum’s antimony. The results agree very closely with those 
of the three observers mentioned above, and the variation for 
different ores is within the limit of experimental error. 

Espeeixental. 

A few trials were made of Muzaffar’s method, but in spite of its 
apparent simplicity certain disadvantages became evident in prac¬ 
tice, and it was abandoned. These attempts will be referred to 
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later. The method of Willard and McAlpine was then adopted in 
its entirety and found very satisfactory : Antimony tribromide is 
prepared in an atmosphere of nitrogen and distilled in a vacuum 
into a bulb which is sealed, weighed, and finally broken under a 
solution of tartaric acid; the quantity of bromine is then estimated 
by conversion into silver bromide, the amount of silver required 
being determined nephelometrically or weighed as bromide. Refer¬ 
ence is only made to details in procedure when this differs in any 
way from that given by the above authors. The whole of the 
apparatus used in the course of the experiments was constructed 
from Pyrex or the very resistant T-glass of Greiner and Friedrichs. 

Preparation of Materials .—The water, bromine, potassium brom¬ 
ide, sodium chloride, nitric acid, tartaric acid, and sodium and 
potassium cyanides required in this research were purified by the 
methods given by Willard and McAlpine. Silver was prepared from 
silver nitrate according to the procedure of Richards and Wells 
(J. Amer. Chem. Soc ., 1905, 27, 459), but in most of the experiments 
Johnson and Matthey’s “ chemically pure ” silver was used after 
being washed with absolute alcohol and ether and fused on a lime 
support, for the two samples were found to give almost identical 
results. 

Hydrogen was generated by electrolysis of a 15% solution of 
sulphuric acid between platinum electrodes, and purified by 
passage over heated platinised asbestos and copper gauze, bubbling 
through a 20% solution of caustic potash containing some dissolved 
lead oxide, and drying by passage over phosphorus pentoxide (see 
Noyes, Bull. Bureau Standards , IV, 179). 

Nitrogen was prepared in an all-glass apparatus by passing a 
mixture of air and ammonia over heated copper, and purified 
according to the method of Richards and Krepalka (J. Amer. Chem . 
Soc., 1920, 42, 2225). 

Balance and Weighing. —A long-beam Oertling balance was em¬ 
ployed. Successive weighings of the same object, which were made 
by substitution, agreed to 0*02 mg. The weights were carefully 
calibrated, and counterpoises were used whenever necessary. Cal¬ 
cium chloride was kept in the balance case and 50% humidity was 
assumed when calculating the vacuum correction. 

Preparation of Antimony. —Five specimens of antimony were 
prepared from the following sources : (1) Kahlbaum’s purest anti¬ 
mony trioxide, (2) stibnite from the Mysore State, (3) eervantite 
from the same area, (4) stibnite from the Amherst District in Burma, 
and (5) stibnite from the Southern Shan States. 

The method of preparation of the metal was the same in all the 
cases. About 500 g. of the finely powdered material were digested 
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with hot concentrated hydrochloric acid in successive portions until 
extraction was practically complete. The excess of acid was dis¬ 
tilled off and the antimony trichloride distilled 4 or 5 times. It 
boiled regularly at 210—211°/680 mm., and was always obtained 
as a clear, pale yellow liquid solidifying to an ivory-white solid. 
The further steps were according to the method devised by Groschuff 
(Z. anorg . Chem 1918, 103, 168) : The trichloride is treated with 
chlorine and hydrogen chloride to give chloroantimonic acid, 
Sbd 5 ,Hd,pi 2 0; this is dissolved in a little water, and large 
dilution with water then precipitates antimonic acid, which is 
washed, evaporated to dryness with nitric acid to expel the last 
traces of chlorine, and ignited. The oxide thus obtained is reduced 
with sodium cyanide in a porcelain beaker in a muffle furnace at 
about 650°. The buttons of metal obtained are cleaned as recom¬ 
mended by Muzaffar, powdered in an agate mortar, dried in a 
current of hydrogen at 400°, and sealed in the containing tube. 

Preparation of Antimony Bromide .—Antimony bromide was pre¬ 
pared exactly according to Willard and McAlpine’s instructions, the 
only modification being the use of a mercury-vapour pump for the 
complete evacuation of the apparatus. 

Purity of the Silver.—As a check on the purity of the silver, the 
ratio AgCl: Ag was determined by following exactly the procedure 
of Eichards and Wells (loc. cit.). This work, and all subsequent 
operations in which silver salts were involved, was done in a special 
laboratory illuminated by ruby light. Table I shows the results of 
several determinations. 

Table I. 

Eatio AgCl: Ag. 


Wt. of 

Wt. of 

100 X 

Wt. of 

Wt. of 

100 X 

Ag> g. 

AgCl, g. 

AgCl/Ag. 

Ag, g. 

AgCl, g. 

AgCl/Ag. 

7*49956 

9-96437 

132*866 

7*57600 

10*06474 

132*850 

7*41387 

9-86060 

132*867 

7*74410 

10*32871 

132*862 

7*59879 

10-09663 

132*870 

7*48068 

9*93930 

132*866 


The first two experiments were made with silver from silver 
nitrate, and the remainder with Johnson and Matthey’s pure silver, 
which is evidently of a remarkable degree of purity for a com¬ 
mercial article. The mean value obtained by Eichards and Wells 
was 132*864, and thus the agreement is as close as can be expected, 
Weighing and Analysis of Antimony Bromide .—In this part of 
the work, also, the general method adopted was the one used both 
by Willard and McAlpine and by Honigschmid. After being cleaned 
and dried as recommended by Baxter ( Proc . Amer. Acad . Arts Sci ., 
1924—25, 60, 228), the bulb containing the antimony bromide was 
suspended from the balance by means of a platinum wire and 
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weighed in air and under water. The platinum wire also was 
weighed in air and in water with the same portion of it immersed 
as when the bulb was weighed under water. The bulb was then 
broken with a Pyrex rod “under a solution of tartaric acid (250 c.c. 
of 4—5% solution) in a thick-bottomed, tall beaker. Solution was 
complete in about 10 hours. 

In Expts. Nos. 1—6, the solution was passed through a Gooch 
crucible to collect the glass. Subsequently, a silica crucible with a 
porous sintered bottom was used and proved much more satisfactory. 
'In both cases, the glass was ignited to a dull red heat before weigh¬ 
ing. Its density was determined and found to be 2*56 g. per c.c. 
(T-glass). 

The analysis of the antimony bromide was effected by deter¬ 
mination of the ratio SbBr 3 : 3AgBr, and in two cases of the ratio 
SbBr 3 : 3Ag in addition. For the latter purpose a nephelometer of 
the Kober type with a Klett top-reader was used. 

The gravimetric determination was at first (Expts. 1—6) carried 
out exactly in accordance with the description given by the authors 
already mentioned. A Gooch crucible was used, and the solution 
was refiltered through a small filter-paper to secure any particles of 
asbestos. As the volume of the solution was about 700 c.c., this 
was a tedious operation. A great improvement was effected by the 
use of a Jena-glass crucible with a sintered bottom. In these 
experiments, the silver bromide was dried for 14—18 hours at 180°, 
and the moisture content determined by fusing the bulk of the 
precipitate in a porcelain crucible. Subsequently, the drying was 
conducted at 300° for 12—18 hours, as recommended by Honig- 
schmid, and the loss on fusion of the bromide was then found to be 
negligible, so that it was not determined in every case. The bromide 
was, however, always fused and its appearance after fusion noted; 
it was found that when dark spots or a discoloration appeared (due 
to traces of silver nitrate) a low value for the atomic weight was 
usually obtained. Such experiments are distinguished by an 
asterisk in the following table, and are not included in calculating 
the means. In all other cases, the fused silver bromide was quite 
clear. 

Table II gives the results of the determinations. For calculating 
the atomic weight, the values Ag = 107-880* Br = 79-920 have 
been adopted. 

In Expts. 7 and 8, the ratio SbBr 3 : 3Ag was determined by the 
nephelometer before filtering the silver bromide. The values 121*751 
and 121-735 were found for the atomic weight, the agreement with 
the gravimetric value being fair. It was not, however, considered 
necessary to determine this ratio in every case, as it is sufficient for 
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Table II. 


Sxpt. 

Wt. of SbBr 3 , 

Wt. of AgBr, 


Atomic weight 

No. 

g* 

g- 

SbBr 3 : 3AgBr. 

of Sb. 


Kahlbaum’s Antimony Trioxide. 


1 

4-44079 

6-92064 

0-641664 

121*753 

2 

3*15437 

4-91639 

0-641603 

121*719 * 

3 

3*64246 

5-67747 

0-641566 

121*701 * 

4 

3*97152 

6-18954 

0*641650 

121*746 

5 

3-47255 

5-41185 

0*641654 

121*750 

6 

3-80868 

5-93549 

0*641679 

121*762 

7 

3-44766 

5-37296 

0*641669 

121*756 

8 

4*12164 

6-42335 

0*641665 

121*754 





Mean 121*754 



Mysore Stibnite. 


9 

4-29146 

6-68901 

0*641569 

121*700 * 

10 

4-03746 

6-29236 

0*641645 

121-743 * 

11 

3-85444 

6-00720 

0*641637 

121-738 

12 

4-25750 

6-63517 

0*641656 

121*749 

13 

4-16876 

6-49684 

0*641659 

121*751 

14 

3-40170 

5-30160 

0*641636 

121*738 





Mean 121*744 



Mysore Cervantite. 


15 

3-35625 

5-23081 

0*641631 

121-735 

16 

3-98107 

6-20437 

0*641659 

121-751 

17 

3-82381 

5-95934 

0-641650 

121*746 





Mean 121*744 



Amherst Stibnite. 


18 

4-61169 

7-18715 

0-641657 

121-750 

19 

4-61851 

7-19785 

0-641651 

121-746 

20 

4-1X282 

6-40990 

0-641635 

121-737 

21 

3-50233 

5-45818 

0-641666 

121-755 

22 

3-98801 

6-21524 

0-641650 

121-745 





Mean 121*747 


S. 

Shan States Stibnite. 


23 

3*74847 

5-84185 , 

0-641658 

121*750 

24 

4-94145 

7*70114 

0*641652 

121*747 

25 

3*82442 

5-96012 

0-641668 

121*756 





Mean 121*751 


the present purpose to compare the relative values for the different 
samples of antimony, the absolute value of the atomic weight being 
of secondary importance. 

The mean results show an extreme variation of 0-010 in the 
atomic weights; this is considerably less than the variation among 
individual experiments and may reasonably be ascribed to experi¬ 
mental error. The difference between these results and those of 
Muzaffar is considerable, this author having found a variation of 
0-93 unit in the atomic weight of different samples of antimony. 
His individual results are not very concordant, the ratio 3Sb : KBrO s 
ranging from 2-1802 to 2-1875 in the case of one sample, corre¬ 
sponding with 0*41 unit in the atomic weight, whilst the preliminary 
determination of the ratio 3As 4 0 6 : 4KBrO s gave results fluctuating 
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over a range of 0-4%, showing that one of these materials was not 
very pure, or that the end-point of the reaction was not definite. 

An attempt was made to investigate the bromate method as 
conducted by Muzaffar, but a difficulty was experienced in dis¬ 
solving the pure antimony in concentrated sulphuric acid except by 
very prolonged boiling. On cooling, the mass became semi-solid, 
and although solution could be effected by the addition of a little 
water, too much water produced a precipitate and transference was 
troublesome. As Muzaffar gives no details of manipulation, it was 
considered preferable to make use of a method which had been 
fully described and experiments by the bromate method were not 
continued. 

Summary. 

The atomic weight of antimony has been determined in five 
samples, one from Kahlbaum and the others from India and Burma. 
Willard and McAlpine’s method was used, and the results ranged 
from 121*744 to 121*754. These are in good agreement with the 
best previous determinations; there is no indication that the vari¬ 
ation is due to a change in atomic weight, and in any case such 
variation does not exceed 0*01 unit for the samples examined. 

In conclusion, I wish to express my gratitude to Professor H. E. 
Watson for his valuable suggestions during the course of this work, 
and to the Directors of Geology of the Governments of India and of 
Mysore for their kindness in supplying the necessary ores of antimony. 

Indian- Institute oe Science, 

Bangadoee, India. [Received, August 9th, 1927 .] 


CCCXXXIX .—Studies of Dynamic Isomerism . Part 
XXIV . Neutral-salt Action in Mutarotation. 

By Thomas Martin Lowry and Gilbert Freeman Smith. 

Neutral Salt Action in Catalysis by Acids. 

The idea of “ neutral salt action 55 in catalysis by acids arose in the 
first instance from the observation of Arrhenius (Z. - physikal . Chem ., 
1889, 4, 226) that the rate of inversion of sucrose by weak acids 
was augmented by the addition of neutral salts of strong acids, 
such as potassium chloride, which, at a concentration of NJ8, 
increases the catalytic activity of N /40-acetic acid by 12*6%. 
Since neutral salts are not themselves catalysts for the inversion of 
sucrose, this effect was attributed by Arrhenius to the indirect 
action of the salt in increasing the ionising power of the medium 
and therefore the ionisation of the weak acid; a similar iporease of 
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the catalytic activity of hydroxyl ions by neutral salts has been 
postulated by Senter (J., 1907, 91, 460), and by Osaka (Z. physikal. 
Chem ., 1900, 35, 661). On the other hand, it has been suggested 
that neutral salts with a common ion may act by decreasing the 
ionisation of the acid, the undissociated molecules of which are 
assumed to be catalytically active, as well as the hydrogen ions 
derived from them. Thus, whereas Arrhenius supposed that only 
the hydrogen ions act as catalysts, Snethlage ( Z . Elektrochem ., 
1912, 18, 539; compare Goldschmidt, Z . jphysikal. Chem., 1912, 
81, 30, and McBain, J., 1914, 105, 1517) attributed a part of the 
catalytic activity of the acid to the undissociated molecules, the 
activity of the molecules and ions being in the ratio k m : k h = 0*06 : 1 
for picric acid, but about 2 :1 for hydrochloric acid. On the other 
hand, Lapworth (J., 1908, 93, 2163, 2187) and Dawson (J., 1911, 
99, 1; 1914, 105, 1093), from a study of the influence of water in 
diminishing the catalytic activity of acids in alcoholic solutions, 
concluded that catalysis by acids, so far as it depends on the action 
of ions, is due to the presence of a mere trace of free hydrogen ions, 
the effect of the hydrated hydrogen ions (which are mainly responsible 
for the conductivity of the acid) being relatively unimportant. 
This conclusion is directly opposite to that of Kendall (Proc. Nat. 
Acad. Sci., 1921, 7, 56), who supposes that the hydrolysis of methyl 
acetate may be catalysed by compounds of anhydrous hydrogen 
ions with all the other components of the solution; but it was not 
intended to exclude catalysis by undissociated molecules of the 
acid, which was widely advocated by Dawson (J., 1915,107, 1426) 
as the “ Dual Theory of Acid Catalysis.” More recently, Dawson, 
who gave for the ratio k m jk h values ranging from 1-77 for hydro¬ 
chloric acid to 0-0034 for acetic acid, has included the anion (but 
not the metallic kation) of the neutral salt as an independent 
catalyst, the acceleration produced by these anions being formulated 
as an inherent property of the ion, comparable with the independent 
catalytic activity of the hydrogen and hydroxyl ions. 

The most important feature of Dawson J s work is his repudiation 
of Arrhenius’s hypothesis that the catalytic activity of the ions of a 
neutral salt is a secondary effect, which is produced only indirectly 
by stimulating the catalytic activity of some other ion. Each 
active component is therefore represented by an independent term 
in his equations. Moreover, Dawson found that he could make 
use of the concentrations of the various components, without 
attempting to convert them into activities . Finally, Dawson’s 
results have attracted widespread attention by reason of their 
precise quantitative character, which can be illustrated by quoting 
tfieT catalytic coefficients (x 10 6 ) deduced from a study of the 



STUDIES OE DYNAMIC ISOMERISM. PART XXIV. 2541 

velocity of iodination of acetone in presence of sodium acetate and 
acetic acid, viz., 

OH' = 10 7 ; H* = 442; Ac' = 4-5; HAc = 1*5. 

The authors of the present paper desire to put on record the 
fact that, whilst the theory set out in Part XXV (following paper) 
is a logical development of views advanced in previous papers of 
this series, the experiments now described were suggested directly 
by analogy with Dawson's observations on acetone. The analogies 
that have been detected afford confirmation of the view (which is 
still based on theory rather than on direct experiment) that the 
iodination of the ketone and the changes of rotatory power of the 
sugar are both dependent on a prototropic change, in marked 
contrast, for instance, to the isomeric change of N-chloroacet- 
anilide, which has been shown to depend on a process of reversible 
chlorination (Rep. Brit . Assoc., 1910, 85). 

Neutral-salt Action in Mutarotation . 

The influence of neutral salts on the mutarotation of the reducing 
sugars has received but little attention, perhaps because the changes 
of rotatory power proceed so rapidly, even in pure water, that a 
relatively small acceleration makes the velocities too great for 
accurate measurement. Ample evidence is available, however, to 
show that, whilst bases and acids (and even water) are powerful 
catalysts, no marked acceleration is produced by neutral salts of 
the type of sodium and potassium chlorides (Lowry, J., 1903, 83, 
1317; Worley, J. Physical Chem., 1927, 31, 882). Kuhn and 
Jacob ( Z . physikal . Ghem., 1924, 113, 389) have indeed plotted a 
curve showing the influence of sodium chloride on the velocity of 
mutarotation of glucose at 25° over a range of acidity and alkalinity 
from 1 to 7*7. The influence of this salt is shown to be almost 
negligible throughout, although definite catalytic effects were 
attributed to the anions of the weak acids which were present in 
certain buffer solutions. 

The experiments that have just been cited leave the impression 
that neutral salts in general exert only a negligible effect on muta¬ 
rotation, and that the velocity of mutarotation is determined 
mainly, even if not quite exclusively, by the acidity or alkalinity 
of the solution, as represented by its “ hydrogen-ion concentration." 
This view is expressed in a precise mathematical form in Hudson’s 
well-known equation (J. Amer. Chem . Soc., 1907, 29, 1571), in 
which the velocity of mutarotation of glucose at 25° is given by 

Je* = 0*0096 + 0*258[H] + 9750[OH]. 

* Calculated by the use of logarithms to the base 10. : 
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This equation represents the observed velocities of mutarotation 
as depending on the sum of two variable terms, representing 
respectively the catalytic activity of hydrogen ions and of hydroxyl 
ions, together with a constant term which can be attributed to the 
action of neutral water . It has been adopted (with slightly different 
constants) by Kuhn and Jacob (loc. cit.), who write 

h = 0-0104 + 0-334[H] + 9345[OH], 

and has been generally accepted as an adequate expression of all 
the relevant facts. This is made even more striking if the velocity 
of mutarotation is plotted against the values of the solution, in 
the form of a “ catalytic catenary ” (Nelson and Beegle, J. Amer. 
Ghem . Soc., 1919, 41, 559; Kuhn and Jacob, loc . cit.; Euler, Z. 
anorg. Chem., 1925, 146, 45; 1926,152, 113). The resulting curve 
falls to a shallow minimum at p H 5, and rises steeply on each side 
in order to show the rapid increase of velocity which is observed in 
acid or alkaline solutions for which p H <2 or >8, i.e., at concen¬ 
trations of acid or alkali greater than N /100 or Nj 1,000,000, 
respectively. The purpose of the present paper is to prove by direct 
experiment that the algebraic and the geometric methods of repre¬ 
sentation are alike inadequate, unless the catalytic activity of at 
least three other possible components of the solution is also taken 
into account. 

Experimental. 

(a) Materials .—The glucose included a sample recently used in 
establishing a standard value for the velocity coefficient of the 
pure sugar (Richards, Eaulkner, and Lowry, this vol., p. 113), 
together with a similar sample which had been purified and tested 
in the same way. The sodium acetate was thrice recrystallised from 
distilled water. Acetic acid was distilled from 2% chromic anhydride 
(Orton and Bradfield, J., 1924, 125, 960), and on redistillation the 
fraction of b. p. 116—118° was collected; after freezing, it melted 
at 16*2°, and therefore contained about 0-2% of water. Hydro¬ 
chloric acid (approximately 0-2A 7 ) was standardised by estimating 
the chlorine gravimetrically, and was diluted to the required strength 
with conductivity water. The pyridine had been purified by Dr. 
I. J. Faulkner for experiments on mutarotation (J., 1925, 127, 
2883). The phenol was colourless and melted at 40°. Sodium 
carbonate and bicarbonate of “ A. R.” quality were used without 
further purification. 

(b) Polarimetric and Electrometric Measurements .—The velocities 
of mutarotation were determined in solutions containing 2 g. of 
glucose in 20 c.e. of the solution at 20°; the velocity coefficients 
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(Ic d ) are for time in minutes and for natural logarithms. After 
mutarotation was complete the £>h values of the solutions were 
determined by standard methods. When a hydrogen electrode was 
used, the gas was passed through alkaline permanganate and 
saturated mercuric chloride solutions, then over electrically-heated 
palladinised copper, through water, and finally through a solution 
identical with that under investigation before entering the elec¬ 
trode vessel; the values of the E.M.F . recorded for two electrodes 
in no case differed by more than 1 millivolt. These values were 
checked by measurements with the quinhydrone electrode, or, 
when the concentration of electrolytes exceeded 0*lif, with the 
hydroquinhydrone electrode (Biilmann, Trans . Faraday Soc ., 1924, 
19, 676). The bicarbonate and carbonate solutions (p K 7—9) were 
examined by Dr. W. S. Hughes with a glass electrode, which had 
been standardised against a phosphate buffer (p u 6*80) and a borate 
buffer (p K 9-24, as determined by means of a hydrogen electrode). 

Determination of the Catalytic Catenary for Glucose at 20°. 

Since the data of Kuhn and Jacob related to 25°, a fresh catalytic 
catenary was plotted for 20°, for comparison with the data of 
Euler (Z. anorg. Chem. s 1926, 152, 113). This was done (as in the 
experiments of the earlier workers) by using dilute hydrochloric 
acid and sodium bicarbonate or carbonate to produce the desired 
degrees of acidity or alkalinity. The electrometric and polarimetric 
data are set out in Table I, and the velocity coefficients from Table I 
have been plotted in Fig. 1 against the p R values of the solutions. 


Table I. 

Mutarotation of glucose in acid and alkaline solutions. 
Hydrogen-ion concentration, 


Hydro- Quin- 

gen hy drone Glass k e — (k — 

Solvent. electrode, electrode, electrode. k 6 . 0*0147. 0*0147)/c. 


0-5AT-HC1 

0*404 

— 

0*40621V-HC1 

0*483 

— 

0-3JV-HC1 

0*619 

— 

0T98AT-HC1 

0*900 

0*88 

0-UV-HCl 

1*09 

1*09 

ca . 0*05#-HCl 

1*44 

1*44 

0*05JV-HC1 

1*40 

— 

0-0LZV-HC1 

2*08 

2*10 

ca. O'OOUV-HCl 

3*23 

— 

ca. 0*0005AT-HC1 

3*42 

3*38 

ca. 0*000Ltf-HCl 

6*18 

— 

O-Olikf-NaHCOa 

— 

— 

0*05Af-NaHC0 3 

— 

— 

0*001ilf-Na 2 C0 3 

— 

— 

0*002Af-Na a C0 3 

. — 



— 

0*216 

0*201 

0*402 

— 

0*174 

0*159 

0*391 

— 

0*133 

0*118 

0*393 

— 

0*0909 

0*0762 

0*385 

— 

0*0529 

0*0382 

0*382 

— 

0*0338 



— . 

0*0337 

0*0190 

0*380 

— 

0*0184 

0*0037 

[0*37] 

— 

0*0147 


— 

0*0147 



— 

0*0150 



7*76 

0*0274 



7*92 

0*0497 



8*35 

0*131 



8*86 

0*196 / 

■- A ' , " ... > 
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The velocities measured by Euler at 20°, and by Kuhn and Jacob 
at 25°, have also been included in the figure, the latter being divided 



0 2 4 6 8 10 


Ph- 

Velocity of mutarotation of glucose at 20° in acid and alkaline solutions: (a) the 
hollow circles are for solutions made acid with hydrochloric acid or alkaline with 
sodium carbonate or bicarbonate . The crosses (+) on a dotted curve represent 
Euler's data for 20°. The diagonal crosses (x) represent Kuhn and J acob's data 
for 25° reduced to 20° by dividing the velocity coefficients by 1*65 ; (b) the black 
circles are for solutions containing (i) various proportions of acetic acid (L.H.), 
(ii) K110• acetic acid with various proportions of sodium acetate (B.H.). 


by 1*65 to allow for the difference of 5° in temperature (Hudson and 
Bale, J. Amen Chem . Soo. 9 1917, 39, 320). 
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(a) Acid solutions . The velocity coefficients and hydrogen-ion 
concentrations were measured in 10% solutions of glucose in 
aqueous hydrochloric acid over a range from 0*0001 to Q-SI^-acid. 
The values, which were determined with a hydrogen electrode 
and checked in some cases with a hydroquinhydrone electrode, 
agree closely in this part of the catenary with those given by the 


Fig. 2. 



Normality of acetic acid. 

Velocity of mutarotation of glucose at 20° in presence of hydrochloric 
and acetic acids. 


earlier -workers; but these electrometric data do not give a very 
satisfactory constant for the catalytic coefficient of the ion. On 
the other hand, Tig. 2, in which the increment produced by the 
acid in the velocity coefficient of the sugar is plotted against the 
volumetric concentration of the acid, shows a linear relation between 
these two quantities which persists up to about 0-4A r , but is then 
followed by a definite upward curvature. The values of the ratio 
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(1c e — 0*0147)/c, which are given in the last column of Table I, 
show a small progressive increase with increasing concentration, 
from 0*38 at 0*05iV to 040 at 0 -5N. This increase can be explained 
quite readily by accepting Snethlage’s view that the catalytic 
coefficient of the undissociated molecules of hydrochloric acid is 
greater than that of the hydrogen ions derived from them. Since 
the degree of dissociation of hydrochloric acid in water is about 
83% at N1 2 and 93% at N/20, a rough extrapolation to zero con¬ 
centration would give a limiting value of 0*36 for the catalytic 
coefficient of the hydrogen ion at 20°. This agrees closely with the 
coefficient given by Hudson, which is about 0*36, when reduced to 
base e and divided by 1*65 to correct for the difference of 5° in tem¬ 
perature. A much rougher estimate shows that, since the catalytic 
coefficient of the acid is increased in the ratio of 19 :20 when the 
ionisation is decreased from 93 to 83%, that of the undissociated 
molecules of the acid must be about half as great again (1*53 :1) 
as that of the hydrogen ions derived from them, in close agreement 
with the ratio 1*55 : 1 deduced by Dawson in 1915. 

(b) Alkaline solutions. On the alkaline side, the quinhydrone 
electrode is no longer trustworthy, and the hydrogen electrode is 
subject to error as a result of the displacement of carbon dioxide 
from the solutions by hydrogen. We have therefore based our 
calculations on a series of determinations by Dr. W. S. Hughes, 
in which a glass electrode was used. The alkaline arm of our 
catenary is therefore notably different from that of the catenaries 
plotted by Kuhn and Jacob, and by Euler, which are practically 
coincident when allowance is made for the different temperatures 
at which their measurements were made. We believe, however, 
that the velocities now recorded for the mutarotation of glucose in 
alkaline solutions ($ K >1) are free from a source of error that was 
previously present, and are therefore more trustworthy than those 
published hitherto. Whilst, however, it is possible to deduce a 
satisfactory value for the catalytic activity of the hydrogen ion 
from measurements of the velocity of change in a dilute solution 
of a strong acid, this cannot be done in the same simple way in the 
case of the hydroxyl ion of an alkali because (i) the concentrations of 
alkali that are required to produce a given velocity are about 
30,000 times smaller than in the case of an acid, and (ii) a very 
dilute solution of a free alkali inevitably becomes carbonated, and 
to an unknown extent, by the carbon dioxide of the atmosphere. 
The required degree of alkalinity can therefore only be maintained 
by using a “buffer solution”; and, as Kuhn and Jacob have 
shown, the anion of the buffer solution may have a catalytic activity 
which is comparable in magnitude with that of the trace of hydroxyl 
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ions which the solution contains. Since precisely the same con¬ 
siderations must apply to a carbonate or bicarbonate as to a phos¬ 
phate or citrate, it is clear that solutions that have been made 
alkaline with sodium carbonate or bicarbonate cannot be used to 
give an exact value for the catalytic activity of the hydroxyl ion, 
unless a correction is made for the catalytic activity of the carbonate 
and bicarbonate ions, of which the concentrations are uncertain 
and the specific catalytic activities unknown. We therefore merely 
put on record the fact that the catalytic coefficient of the hydroxyl 
ion is probably less than Jc e = 20,000, since this number includes 
the catalytic activity of the bicarbonate ions as well as of the 
hydroxyl ions; but we are not yet prepared to put forward a more 
definite value. 

(c) Neutral solutions. The concentrations of the hydrogen and 
hydroxyl ions at the isoelectric point are so small that their effect 
on the velocity of mutarotation of.the sugar (as calculated from 
the effects produced by higher concentrations of acid or alkali) is 
only of the order of 1 X 10~ 5 , and is therefore quite inappreciable. 
This is true, not only at the isoelectric point, but over a considerable 
range on either side, so that the central part of the catalytic catenary 
is almost horizontal over the range p R 3—7. The actual velocity 
of mutarotation at the isoelectric point, however, so far from being 
inappreciable, is only a little less than it is in neutral water, where 
the influence of the ions should be about 100 times greater than at 
the isoelectric point. Thus Hudson’s equation gives a velocity 
coefficient k = 0*0106 for glucose in neutral water at 25°, falling 
to a minimum value of k = 0*0097 at the isoelectric point; 
the velocity at the isoelectric point is therefore 91*5% of that in 
neutral water. In the same way, the minimum velocity, k = 
0*01041, calculated from the equation of Kuhn and Jacob is 92% 
of the velocity, k = 0*01133, in neutral water. These authors 
therefore concur in postulating a diminution of about 8% in the 
velocity of mutarotation of glucose in feebly acid solutions. On 
the other hand, this effect was not observed by Andrews and 
Worley (J. Physical Chem ., 1927, 31, 882). In the present series 
of experiments, our own measurements have given a velocity 
coefficient k e = 0*0147 at 3*23 and 3*42, and k c = 0*0150 at 
p R 6*18, as contrasted with the standard value k € = 0*0146 in neutral 
water at 20°. These measurements therefore afford no experimental 
confirmation for the very plausible theoretical view that the velocity 
coefficient in feebly acid solutions should be rather less than in 
pure water; and it is noteworthy that Euler also does not record any 
value less than 0*0146 for the velocity coefficient of glucose at 2p°, 
although his measurements at 5*2° show a welhmarked minimum. 
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Determination of the Catalytic Coefficient of an Undissociated Acid . 

The catalytic coefficient of the undissociated molecules of a strong 
acid is difficult to detect, because this component only becomes 
important at high concentrations, when the velocity of mutarotation 
is too great for accurate measurement. We can, therefore, only 
put on record a general statement to the effect that the catalytic 
coefficient of the undissociated molecules of hydrochloric acid is 
apparently about 1*5 times as great as that of its ions. In the 
case of a weak acid, such as acetic acid, however, a fairly accurate 
value for the catalytic coefficient of the undissociated acid can be 
deduced from the measured velocities of mutarotation of glucose 
in solutions of the acid. The data for 10% solutions of glucose in 
acetic acid over the range 0*1—3*22 N are set out in Table II and 
plotted in Fig. 2. 

Table II. 


Mutarotation of glucose in dilute acetic acid at 20°. 


Cone, of 
acetic acid, N. 

Pu¬ 

K 


k a kh‘ 

(k e &a)/c. 

3-22 

l-87 

0-0416 

0-0208 

0-0208 

0*0065 

1-61 

2-17 

0-0284 

0-0175 

0-0109 

0-0068 

1-00 

2-26 

0 0233 

0-0170 

0-0063 

0-0063 

0-370 

2-54 

0*0182 

0-0158 

0-0024 

0-0065 

0-100 

2-78 

0*0158 

0-0152 

0-0006 

— 


In Fig. 2 the velocity coefficients have been diminished by an 
amount equal to the value of the coefficient in dilute hydrochloric 
acid of equal electrometric activity, and the differences have been 
plotted against the normality of the acetic acid. The relation 
between these two quantities is linear over the whole range of 
concentrations. This difference is a measure of the catalytic 
activity of the acid, after allowing for the catalytic activity of the 
hydrogen ions and of the water in the solution. Since the acid is 
ionised only to a very small extent (about 1%) even in the most 
dilute solutions, the constant ratio shown in the last column of 
Table II gives the catalytic coefficient of the undissociated acid, 
h = 0*0065[HAc]. 

Determination of the Catalytic Coefficients of Anions and Rations . 

Although the equations of Hudson and of Kuhn and Jacob con¬ 
tain a “ neutral water ” term (which is not present in Dawson's 
equation), there is nothing in their equations to correspond with 
Dawson’s c< anion ” term. This omission is all the more remarkable 
in view of the observations made by Kuhn and Jacob on the 
catalytic activity of buffer solutions. A most important feature 
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of tie present experiments, therefore, was an attempt to discover 
the existence of an “ anion ” term in mutarotation, and to deter¬ 
mine its magnitude in some particular case. It was already clear 
from earlier observations that the ions of sodium and potassium 
chlorides had no marked catalytic properties; but we anticipated 
on theoretical grounds that the anion of a weak acid might possess 
appreciable catalytic activity. A difficulty immediately arises, 
however, from the fact that the salts of a weak acid are hydrolysed 
to an extent which increases as the dissociation constant of the 
acid diminis hes; moreover, the catalytic activity of the hydroxyl 
ions resulting from this hydrolysis is so enormous that it would 
entirely mask any small catalytic activity due to the anion of the 
acid, unless the latter were present at relatively enormous con¬ 
centrations. For this reason we adopted the device of adding to 
the neutral salt (A r -sodium acetate solution) a quantity of the 
free acid (N /10-acetic acid) sufficient to make the reaction of the 
solution definitely acid instead of alkaline . The ideal condition 
would, of course, be to work at the isoelectric point, where the 
velocity of mutarotation (in the absence of some eatalytically 
active ion other than hydrogen and hydroxyl) would be, if any¬ 
thing, rather less than in pure water. 

(a) Catalytic coefficient of the acetate ion. Our first experiment 
showed that a solution of glucose in JV-sodium acetate gave a 
velocity coefficient, k e = 0*0982 at 20°, which was nearly seven 
times as great as in neutral water (k e = 0*0146 at 20°). In this 
case an acceleration was inevitable in view of the alkaline character 
of the salt; but this explanation was no longer possible in a second 
experiment in which the velocity coefficient for 0*961iV^sodium 
acetate, in a solution acidified with N/10 -acetic acid to 5*54, was 
found to be k e = 0*0822, or about six times as great as in water. 
In this experiment, if hydrogen and hydroxyl ions and neutral water 
had been the only catalysts in the solution, the velocity coefficient 
would have been k e = 0*0147; and a correction for the catalytic 
activity of the undissociated molecules of acetic acid would have 
increased this only to k e = 0*0153. This number is rather less than 
one-fifth of the velocity coefficient actually observed, and, since the 
sodium ion is known to be inactive, the other four-fifths of the 
observed velocity must have been due to the acetate ion , which 
was thus shown to be an active catalyst for the mutarotation of 
the sugar. 

Table III gives the velocity coefficients and p# values for a series 
of solutions containing N /10-acetic acid, with various proportions 
of sodi um acetate. The velocity coefficients of these solutions are 
plotted against the p s values in the form of a catalytic catenary 
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Table III. 


Mutarotation of 10% 

glucose in Ol N-acetic acid + sodium acetate 
at 20°. 

NaAc, N. 

jP-H* 

k e . 

Jc e - 0*0153. 

(ft fi —0*0153)/c. 

0*0096 

3*64 

0*0164 

0*0011 

— 

0*0480 

4*25 

0*0200 

0*0047 

— 

0*100 

4*52 

0*0230 

0*0077 

— 

0*300 

5*00 

0*0365 

0*0212 

0*071 

0*480 

5*21 

0*0491 

0*0338 

0*070 

0*750 

5*41 

0*0672 

0*0519 

0*069 

0*961 

5*54 

0*0822 

0*0669 

0*070 

1*50 

5*75 

0*119 

0*104 

0*069 

2*00 

5*89 

0*149 

0*134 

0*067 


in Fig. 1, whilst in Fig. 3 the p E values are plotted against the 
concentrations of sodium acetate. 

The p a values plotted in the upper curve of Fig. 3 for solutions 
which did not contain any sugar agree closely with those given by 
Dawson, but these values were lowered when determined in presence 
of 10% of glucose by an amount which varied from 0-02 to 0*06 
as the concentration of the sodium acetate increased from 0*0096 
to 0*3^, and then remained almost constant up to 2N. 

The solutions now under consideration were too near to the 
isoelectric point to exhibit any marked catalysis by hydrogen or 
hydroxyl ions, but they all contained, in addition to the acetate 
ion, the catalytically active molecules of water (which would give 
a partial velocity coefficient of 0*0147) as well as active molecules 
of N/ 10-acetic acid (which would give a partial velocity coefficient 
of 0*0006). Fig. 3 shows that, when the difference between the 
observed velocity coefficients and a constant partial velocity 
coefficient of 0*0153 is plotted against the volumetric composition 
of the sodium acetate, these two quantities are proportional to one 
another over the range from 0*0096 N to 1*5 N. The ratio (k e — 
0*0153)/c, which is given in the last column of Table III, tends to 
increase in the most dilute solutions; but, over the range from 
Q-3N to 2*0 N, it gives an average value for the catalytic coefficient 
of the acetate ion, Jc e — 0*069. In Dawson’s experiments on the 
iodination of acetone, the catalytic coefficient of the acetate ion 
was about 3 times as great as that of the undissociated molecule of 
acetic acid, but the ratio of the two coefficients, when deduced from 
a study of their influence on the mutarotation of glucose, is rather 
greater than 10 to 1. 

(b) Catalytic coefficient of the ammonium ion . Theoretical reasons 
led us to suppose that catalytic activity need not be confined to 
the anion of a salt, but that a kation might possess similar catalytic 
powers, provided that it could be classed as a proton donator. 
We therefore determined the velocity of mutarotation of glucose 
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in a iV-solution of ammonium chloride, and found that, although 
the hydrogen-ion concentration of the solution (p fl 4-7) coincided 
almost exactly with the isoelectric point, the velocity coefficient, 
k e = 0*0159 at 20°, was actually 8% greater than in neutral water. 
The catalytic coefficient of the ammonium ion as deduced from 


Fig. 3. 



Normality of sodium acetate. 

Velocity of mutarotation and pn values for solutions of glucose in N/IQ-acetic 
acid with various concentrations of sodium acetate. 

this experiment is approximately 0*0012. This is about one-fifth 
as great as the coefficient for undissociated acetic acid, but sixty 
times smaller than that of the acetate ion. 

Catalytic Coefficients of Neutral Salts . 

A comparison of the “ acetate ” catenary of Fig* I with the 
“ carbonate ” catenaries previously deduced from the b^b^yiaur q| 
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carbonate and bicarbonate solutions is very instructive, since it 
shows the relatively small part that is played by the feeble acidity 
or alkalinity (p K 2 to 8) of a buffer solution in determining the 
velocity of mutarotation of the sugar, and the enormous influence 
of the neutral or saline components of the solution. In order, 
however, to dissipate finally the idea that the velocity of muta¬ 
rotation is determined predominantly by the acidity or alkalinity 
of the solution, or by its hydrogen-ion concentration, a number of 
measurements were made with aqueous solutions of glucose con¬ 
taining a salt of a weak acid and a weak base, under conditions 
which ensured that the hydrogen-ion concentrations were either 
approximately equal to that of neutral water or intermediate between 
that of neutral water and the isoelectric point. Since the velocity 
coefficients calculated from the equations of Hudson or of Kuhn 
and Jacob are substantially constant from p R 3 to p 3 7, any solution 
in this range might be expected, on the basis of these equations, to 
give a velocity coefficient equal to, or slightly less than, that 
observed in neutral water; on the other hand, if our theoretical 
views were well-founded, it appeared likely that a neutral solution 
containing the neutral salt of a weak acid and base would change 
much faster than a neutral solution in pure water, or than a neutral 
solution containing only a neutral salt of a strong acid and base. 

(a) Ammonium acetate . This prediction was tested by measuring 
the velocity of mutarotation of glucose in presence of A-sodium 
acetate and A-ammonium chloride. Since sodium chloride pro¬ 
duces no important changes of velocity, this solution was equivalent 
to one containing A-ammonium acetate. As we anticipated, the 
sugar in this neutral solution changed even more rapidly than in a 
solution containing only A-sodium acetate, which has a strongly 
alkaline reaction, or in a solution of ammonium chloride, which 
is definitely acid in its reaction. The velocity coefficient, k e = 0*106 
at p R 6*66, was found to be more than seven times as great as in 
neutral water. It is also about 25% greater than the value, 
0-0147 + 0-0012 + 0*069 = 0-085, calculated by adding together 
the catalytic coefficients of neutral water and of the ammonium 
and acetate ions. This acceleration, which can be attributed to 
the c< hydrolysis ” of the salt to free ammonia and free acetic acid, 
was in accord with the expectations which we had formed in view 
of the increase in the amphoteric properties of the solution, which 
would result from the simultaneous presence of the weak acid and 
the weak base. The approximate value of the catalytic coefficient 
of the salt in its various forms is 0-091. 

(b) Pyridine and phenol. The neutral-salt effect described in 
the preceding paragraph (which is of a totally different character 
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from that postulated by Arrhenius, since the increment of velocity 
produced by the neutral salt was 626% instead of only 12*6%) 
would obviously become negligible if the acid and base were so 
weak as no longer to exhibit any appreciable acid or basic pro¬ 
perties ; it is also known to be negligible when the acid and base 
arcjboth strong. The effect must therefore rise to a maximum at 
some intermediate value of the dissociation constants. For this 
reason, the experiment was repeated, but with phenol and pyridine 
as the acid and base in place of acetic acid and ammonia. The 
relevant dissociation constants are set out below, whilst the velocity 
coefficients and p R values are included in Table IV. 

Acid .dissociation constant, K a . Basic dissociation constant, Ki. 

Phenol: 1*1 X lO" 10 at 18° or 25° Pyridine : 1-6 X 10~ 9 at 18° 

2-3 x 10-* at 25° 

Acetic acid : 1*8 X 10” 6 at 18° or 25° Ammonia : 1*75 X 10~ 5 at 18° 

1*8 X 10~ 5 at 25° 

Table IV. 


Mutarotation of glucose in presence of a weak acid and base. 


Solvent. 


Velocity coefficient at 20°. 

V-Sodium acetate . 

_ 

0-0982 

N -Ammonium chloride . 

4*7 

00159 

-V-Sodium acetate 
^-Ammonium chloride J. 

6*66 

0*106 

0-5iV-Phenol . 

5*8 

0*0146 

0-lAT-Phenol . 

6-21 

0*0147 

0-LV-Pyridine \ 

O-Ltf-Phenol /. 

7*48 

0-0447 


Since phenol is not sufficiently soluble to give a iV-solution, the 
acid and base were used at N /10-concentrations, and gave a velocity 
coefficient, k e = 0*0447 at 20° for p H 7*48. The velocity coefficient 
was therefore 3 times as great as in water, although the p K was 
changed by less than 0*5 unit from that of neutral water. If the 
slight alkalinity of the solution had been produced by a trace of 
sodium bicarbonate, the velocity coefficient would have been about 
0*0175, or about 40% of that actually observed; the other 60% 
must therefore be due to the N /lO-pyridinium phenoxide. The 
catalytic coefficient of the pyridinium salt as deduced from these 
data is roughly 0*272. It is noteworthy that the catalytic coefficient 
of the pyridinium salt in iV/10-solution is about 3 times as great 
as that of ammonium acetate in jV-solution, and is very nearly as 
large as that of the hydrogen ion, although it is still not so great 
as that of the undissociated molecules of a strong acid. 

Summary. 

(a) Although the mutarotation of glucose is catalysed by acids 
and bases, as well as by water, it is not affected appreciably by 
neutral salts of the type of sodium chloride. 
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(b) De fini te catalytic activity has been detected, however, in 
(i) the undissociated molecules of a strong or weak acid, (ii) the 
anion of a weak acid, and (iii) the kation of a weak nitrogenous 
base. 

(c) The catalytic coefficients of these components are 

[HC1] about 0-5; [NHJ = 0*0012; 

[HAc] = 0*0065; [Ac] = 0*069. 

University Chemical Laboratory, 

Cambbldge. [Received, July 28 th, 1927.] 


CCCXL .—Studies of Dynamic Isomerism. Part XXV. 
The Mechanism of Catalysis by Acids and Bases. 

By Thomas Martin Lowry. 

Catalysis of Mutarotation by Acids and Bases. 

The fact that mutarotation, like so many other chemical changes, 
is not a spontaneous process, but depends on the presence of a 
catalyst (Lowry, J., 1899,75,211), compels us to seek an explanation 
of the part played by the catalyst in effecting the change, and in 
particular to discover a reason for the unique efficiency of water as 
a solvent for the mutarotation of the sugars, and for the still more 
remarkable catalytic activity of acids and bases. The earliest 
suggestion {ibid., p. 219) postulated that mutarotation could be 
initiated by any oxygenated solvent, since the changes of rotatory 
power in these solvents were usually very rapid when compared with 
the slow changes observed in hydrocarbons and in analogous solvents 
such as chloroform. This view became untenable, however, when 
it was found that the mutarotation of nitrocamphor could be 
u arrested ” by adding a trace of carbonyl chloride to ether, in order 
to eliminate basic impurities (Lowry and Magson, J., 1908, 93, 119). 
It Was then pointed out that catalytic solvents all appeared to be of 
the type HX, and that solvents from which a hydrogen atom cannot 
be eliminated easily are not able to initiate isomeric change, although 
(as in the case of ether) they may contain oxygen, and may even 
possess ionising properties {ibid., p. 132). Subsequent investig¬ 
ations (Lowry and Richards, J., 1925,127,1385; Lowry and Faulk¬ 
ner, ibid., p. 1883) showed that, although dry pyridine had been 
repeatedly cited as an effective catalyst for the mutarotation of 
glucose (Behrend and Roth , Annalen, 1904, 331, 361), pyridine And 
cresol are alike impotent in the absence of water , but that when 
mixed with one another they develop a catalytic activity which is 
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far greater than that of water itself. The view was therefore 
advanced that the prototropic changes which give rise to the mutaro- 
tation of the sugars can only take place in an amphoteric solvent, 
i.e ., in a solvent which can both accept a proton from the sugar and 
give a proton back again to it or to its ion. 

An entirely different method of approach to the problem is found 
in the theory put forward by Euler (Euler and Hedelius, Biochem. Z., 
1920,170, 150; Euler, Myrback, and Rudberg, Arhiv. Kemi Min . 
Geohy 1923, 8, No. 281) in order to provide a quantitative basis for 
determining the influence of acids and alkalis on the mutarotation of 
glucose. Euler supposes (i) that the velocity of mutarotation of 
glucose is proportional to the volume concentration of its ions, and 
(ii) that these ions are produced by the formation of salts of the 
sugar, on the one hand with alkalis, and on the other with acids. 
According to this theory, the velocity of mutarotation of the sugar 
in a solution of given acidity or alkalinity could be calculated from 
its acid and basic dissociation constants, K n and K b , together with 
the reaction velocities, r a and r b , of the anion and kation of the sugar 
salts; but in practice the calculation can only be carried out in the 
converse direction, since only one of the four fundamental constants 
has been measured by an independent method. This one inde¬ 
pendent constant is the acid dissociation constant of glucose in 
water at 18°, which was determined electrometrically by Miehaelis 
and Bona (Biochem. Z 1913, 49, 232) from the change of 
“ hydrogen-ion concentration ” on adding the sugar to a dilute 
alkali. Euler and Hedelius ( loc . cit.) measured the velocity of 
mutarotation of glucose in buffer solutions containing sodium 
citrate and hydrochloric acid of Nj 10 and N/ 100 concentration, 
and deduced (by extrapolation to zero concentration of buffer 
solution) the value k * = 0*0066 for the minimum velocity 
at 20°, and p H = 3*6 for the hydrogen-ion concentration at this 
point of maximum stability of the sugar; they then used the 
value, K a ~ 6*6 X 10~ 13 , given by Miehaelis for the acid dissociation 
constant of the sugar at 18°, in order to calculate an approximate 
value, Kb = 10” 19 , for the basic dissociation constant, on the assump¬ 
tion that the point of maximum stability is identical with the 
isoelectric point and that the hydrogen-ion concentration at the 
isoelectric point is given by the equation [H + ] = y/K a K w jK b > where 
K w is the dissociation constant of water. In two subsequent 
papers (Z. anorg. Ghem., 1925,146, 45; 1926,152, 113), Euler used 
his own measurements of the acid dissociation constant of water at 
5*2° in order to deduce values for the concentration of the sugar ions 
and for their reaction velocities at this temperature, which he 
* The velocity coefficient calculated from logarithms to the base 10.; 
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supposed to be equal to one another, since he obtained symmetrical 
catenary curves on plotting the velocity of mutarotation at 5*2° and 
at 20° against the p R of the solution. In this way he deduced for the 
four essential constants at 5-2° the values K a = 1 X 10~ 13 ; K b = 
2 x 10~ 18 ; and r a = n = 38, the half-change period being therefore 
0*45 sec. for the ion of either sign. 

Euler’s ionic theory of mutarotation was at once adopted by 
Kuhn and Jacob ( Z . physical. Chem ., 1924,113,389) as the basis for 
their numerical calculations. These authors made a new series of 
measurements of the velocity of mutarotation of glucose at 25° in 
solutions of different degrees of acidity and alkalinity, and showed 
that it could be expressed by an equation which differed only 
slightly from that of Hudson. Since this equation contains a term 
which does not depend on the acidity or alkalinity of the solution, 
they concluded that the neutral molecules of glucose, as well as the 
kations and anions derived from them, undergo isomeric change. 
Moreover, since the two arms of their catenary curve were not 
sy mm etrical, they concluded that the reaction velocity of the anions 
and kations are not equal (as Euler supposed) but that the reaction 
velocity of the anions is 2-1 times as great as that of the kations. 
They therefore assigned to the reaction velocities at 25° of the 
neutral molecules of the sugar and of the kations and anions derived 
from them the values r u — 0*0104, r b = 54*4, and r a = 113*2. The 
dissociation constants of the sugar at this temperature were given 
as K a = 10*5 X 10“ 13 and K b = 7*8 x 10~ 17 . 

In his later papers, Euler also adopted the view that mutarotation 
is not due exclusively to the anion and kation of the sugar, but he 
suggested that the constant term in Hudson’s equation need not 
necessarily represent the isomeric change of the undissociated 
molecules of the sugar, since it could also be attributed to a 
“ zwitterion 55 (or bipolar molecule, compare J., 1925, 127, 1371) 
carrying both a positive and a negative charge, or to “ some form of 
glucose which is present at a concentration proportional to that of 
the uncharged molecules.” 

It will be seen that, whilst the simple ionic theory of mutarotation 
can be used to calculate hypothetical values for the ionisation of the 
sugar, and for the reaction velocities of its ions, it does not provide 
any numerical data which can be checked by independent experi¬ 
ments, It is, moreover, definitely incompatible with our more recent 
observations on mutarotation in non-aqueous solutions, and must 
be rejected for the following reasons : 

(i) If the sugar is capable of being ionised by mere dissolution in 
water, according to the scheme HS =s= s = H* -f- S', it must obviously be 
ionised even more readily to form an ionised pyridinium salt accord- 
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ing to the scheme C 5 H 5 N + HS = 5 =^ C 5 H 5 NH* + S', when dis¬ 
solved in anhydrous pyridine.* If then the ion S' has a definite 
reaction velocity, as Euler supposes, this ion must at once undergo 
isomeric change and give rise to a very rapid mutarotation, since the 
half-life period of the ion (according to Euler’s calculation) is less 
than a second. In reality, however, nothing of the sort happens, 
since the mutarotation of tetramethyl glucose in pyridine can be 
stopped completely over a period of 2 or 3 hours by very moderate 
purification and drying (Lowry and Richards, loc. cit ., p. 1398). 

(ii) Conversely, if the sugar is capable of being ionised, either by 
removal of hydroxyl or by addition of hydrogen, according to the 
scheme HOS HO' + S* or S + H* = 5 = 5 = HS*, it seems certain that 
this ionisation must be promoted by dissolving the sugar in an 
acidic solvent, such as cresol, which would form an ionised salt 
according to the scheme C 7 H 7 *OH + HOS ===== C 7 H 7 *0' + S* + H 2 0, 
or C 7 H 7 *OH + S^=^C 7 H 7 0' + HS*. The ionic theory then indicates 
once more that this ionisation must be followed by a rapid isomeric 
change, and consequent mutarotation, in accordance with the 
ordinary laws of mass action and reaction velocity. Actually, 
however, the velocity of mutarotation of tetramethyl glucose in 
cresol is almost inappreciable, since it is at least forty times less than 
in pure water. 

(iii) Finally, if the simple ionic theory were correct, mutarotation 
must inevitably occur in any ionising solvent , whereas experience 
has shown that it is only in the case of media which possess definite 
amphoteric properties that we can assert with any degree of con¬ 
fidence that the pure solvent is a complete catalyst for mutarotation. 
Thus, even in the case of methyl alcohol, which is quite a good 
ionising solvent, the very low velocity coefficient observed by 
Faulkner and Lowry (J., 1926, 1938) has been reduced about 8-fold 
in the recent experiments of Worley and Andrews (J. Physical 
Ghent., 1927, 31, 742), so that the residual velocity of change is now 
altogether insignificant. 

On all these grounds the simple ionic theory of catalysis is seen to 
be untenable in the light of experiments on mutarotation in non- 
aqueous solutions. 

An Electrolytic Theory of Catalysis. 

A mechanism of catalysed mutarotation, which is in harmony 
with the observations cited above (and which actually led to the 
experiments by which most of the relevant facts were discovered) 

* It is assumed that the pyridine has not been dried so perfectly as to 
inhibit completely the formation of a salt, as in Baker’s experiments on dry 
ammonia and hydrogen chloride. r ' - 

4b2 :■ 
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was described in 1925 (J., 127, 1371). This mechanism depends 
on an initial addition and subtraction of a proton by a medium 
possessing both acid and basic properties, giving rise to the formation 
of a bipolar molecule or “ zwitterion 55 ; the rupture of a bond (by 
the conversion of the covalency into an electrovalency) then produces 
just those electric charges which are needed to neutralise the charges 
already present in the bipolar molecule, and thus gives rise 
immediately to the intermediate aldehydie form of the sugar. Only 
two additional points are needed in order to make this mechanism 
cover also Dawson’s recent experiments on the iodination of acetone 
in presence of acids and their salts, as well as the new observations 
on mutarotation which are described in Part XXIV (preceding paper). 
These additional points are (i) a clear recognition of the fact that 
prototropic change involves a flow of electrons through the molecule , 
in addition to the transfer of a proton to and from the medium, and 
(ii) an extended conception of the meaning of the terms acid and base, 
to include all those ions and molecules which are able to give or to 
receive a proton. The isomeric change is then seen to depend on a 
process which is closely analogous to an electrolysis of the prototropic 
compound between positive and negative poles provided by the 
basic and acid components of the medium. 

(a) Electron-migration as a Condition of Isomeric Change. —It is 
not generally realised that the process of isomeric change in un¬ 
saturated compounds involves a flow of electrons through the mole¬ 
cule, as well as the migration of a radical. It is, however, obvious 
that, if the radical migrates in the form of an ion , it must deliver up 
an electric charge at its new point of attachment, whilst leaving 
behind a charge of opposite sign at the point of departure; the 
elimination of these electric charges is therefore an essential feature 
of the isomeric change. It is then easy to show that the rearrange¬ 
ment of bonds (described by Jacobsen as “ desmotropy ”), which 
accompanies isomeric change in unsaturated and conjugated 
systems, actually consists in a transfer of valency electrons from 
atom to atom, and that this transfer produces a flow of electrons of 
precisely the kind that is required to neutralise the charges set up 
by the migration of the ion. 

Since the iodination of acetone, which has formed the basis of 
Dawson’s recent experiments on catalysis, depends on the enolis- 
ation of the ketone (Lapworth, J., 1904,85,30), it will be convenient 
to select this type of isomeric change as an illustration of the general 
proposition set out above. We will therefore suppose that an enol 
is to be changed into a ketone by an ionic mechanism of the same 
general character as that postulated by Euler and by Kuhn and 
Jacob for an action catalysed by bases. The four consecutive 
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stages (i)—(iv) of such a process may be illustrated by a scheme of 
the same general character as that already used to represent the 
mutarotation of a sugar (J., 1925,127, 1384), but dissected into a 
series of steps as follows : 

(0) a) (2) (3) (0) a) (2) (3) 

r \ i + - r * 

H—0—9=0 ^ H 0—9=0 

{I; Enol.) (II; Enolio ion.) 

a) (2) ( 3 ) ( 4 ) a) (2) ( 3 ) ( 4 ) 

iv -rv + 

0—9—0—H 0 =<9—C H 

(V ; Ketone.) (IV; Ketonic ion.) 

(i) Ionisation of the enolic compound. In this process, the pair of 
shared electrons which constitutes the hydrogen-oxygen bond in (I) is 
transferred in toto to the oxygen atom in (II); the oxygen atom (1) 
thus acquires an electron whilst the hydrogen atom (0) loses one. 

(ii) Isomeric change of the enolic ion. In passing from (II) to (III), 
the pair of shared electrons which represents the second link of the 
2 : 3-double bond is transferred in toto to the carbon atom (3), 
which thus acquires an electron, whilst the carbon atom (2) loses 
one. 

(iii) Formation of the ketonic ion . In passing from (III) to (IV), 
a lone pair of electrons on the oxygen atom (1) is shared with the 
carbon atom (2) in order to form the second link of the ketonic 
double bond; in this process the oxygen atom (1) loses an electron 
and the carbon atom (2) gains one. 

(iv) Formation of the ketone. Finally, in passing from (IV) to (V), 
a proton is fixed in the position (4) by sharing a lone pair of electrons 
belonging to the carbon atom (3); in this case the hydrogen atom 
(4) gains an electron and the carbon atom (3) loses one. 

Each stage in the process is therefore accompanied by the transfer 
of an electron from left to right, and these four transfers are equiv¬ 
alent to moving a single electron through the organic compound from 
(0) to (4). They thus provide the necessary electrical compensation 
for the migration of the proton through the medium from (0) to (4). 

(b) Characteristics of the Electrolytic Theory of Catalysis. —(i) The 
chief novelty of the electrolytic theory consists in the suggestion that 
isomeric change in the molecule or the ion is effected by a displace¬ 
ment of valency electrons between the two alternative points of 
attachment of the proton, which may be described as the “terminals” 
of the labile system. Since, however, it has already been pointed 
out (. Nature, 1925, 115, 376) that a mechanism for effecting, this 
flow of electrons is present in all conjugated i? 


( 1 ) ( 2 ) ( 3 ) ( 4 ) 

— + — + 

0-9—0 H 

(III; Zwitterion.) 
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necessary to elaborate this point in connexion with the simpler case 
of keto-enolic change. 

(ii) When compared with the simple ionic theory described above, 
the electrolytic theory is seen to depend on a ternary reaction 
between the sugar and the acid and basic components of the solvent, 
whereas Euler postulated a binary reaction between the sugar and a 
catalyst, which may be either acid or basic, but not both. It is, of 
course, possible that, if the sugar were ionised, say by the removal 
of a proton with the help of an alkaline catalyst, the resulting anion 
might be discharged by a proton coming into contact with the 
opposite “ terminal ” of the sugar, instead of with the “terminal ” 
from which the proton had been originally removed, thus giving rise 
to an isomeric form of the sugar; but no provision is made in 
Euler’s theory for any independent supply of protons for this 
purpose, apart from those which were derived in the first instance 
from the sugar by ionisation. The electrolytic theory, on the other 
hand, definitely requires that the medium, instead of being merely 
an ionising solvent, must be one which can act both as a “ proton 
source ” and as a “ proton sink.” 

(iii) A third feature of the electrolytic theory is to be found in 
the suggestion that the easiest way of effecting isomeric change is 
to bring the organic compound into a circuit in which it is in contact 
simultaneously with a proton acceptor and a proton donator. It has 
already been suggested (J., 1925, 127, 1383, footnote) that the 
changes in question “ may occur simultaneously in the same 
electric circuit, as in Armstrong’s theory of chemical change ”; but 
this tentative suggestion is now advocated as affording for the first 
time an adequate explanation of the impotence of acids and bases to 
produce mutarotation when acting alone, and of their wonderful 
efficiency when acting together. The obvious alternative is to 
suppose that the acid and basic components of the medium may act 
on the sugar consecutively instead of simultaneously. Thus the action 
might be supposed to depend on two consecutive bimolecular actions , 
in which the acid and basic components act independently on the 
sugar (i) to produce a sugar ion by the addition (or removal) of a 
proton, and (ii) to discharge this ion through the body of the sugar 
by the removal (or addition) of a proton at the opposite “ terminal ” 
of the labile system. The initial stage in this action is, however, an 
endothermic process, in which the molecules of the sugar are con¬ 
verted into ions of such an unstable character that the dissociation 
constants are said to be of the order of 10" 13 and 10~ 19 . The exact 
amount of energy required to produce these ions is unknown; but 
it is obvious that, if we can regard the entrance and the exit of the 
proton as simultaneous, no energy at all is needed beyond the small 
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amount that is required to cover the difference in energy content of 
the two isomerides, and perhaps to overcome the 44 frictional ” 
resistance to the migration of an electron through the sugar. The 
ternary reaction therefore exhibits, in a characteristic form, the 
essential feature of a catalysed reaction, since, by making use of a 
4 4 coupled reaction 99 in place of two consecutive reactions, it avoids 
the necessity for lifting the molecule to the high energy level repre¬ 
sented by its extremely unstable ions. 

Acidity and Basicity as Factors in Catalysis. 

In order that the electrolytic theory of catalysis may cover 
Dawson's experiments, as well as the new results set out in the 
preceding paper, it is necessary to abandon the narrow definition 
which measures acidity in terms of hydrogen-ion concentration and 
basicity in terms of hydroxyl-ion concentration, and to make use of 
definitions and constants which are not limited to the special case of 
aqueous solutions. Thus, when water is the solvent, the basicity 
of a solution can be expressed in terms of its alkalinity, as measured 
by the concentration of hydroxyl ions in the liquid; but this is no 
longer true of solutions of nitrogenous bases in non-aqueous solvents, 
many of which do not contain any oxygen at all. We have, there¬ 
fore, adopted the more modern view, which regards acidity as a 
characteristic property of all those hydrogen compounds which can 
give up a proton to some other molecule or ion, whilst basicity is the 
more general and passive property of being able to accept a proton 
from an acid. 

(a) Acid catalysts. If this conception is adopted we must include 
as acids all those ions or molecules which can give a proton to 
acetone or to a sugar. Of these acidic catalysts, we may exclude 
from our consideration the free hydrogen ion , H*, which is probably 
non-existent in solution, since its formation can only take place by 
an endothermic action involving the absorption of about 260,000 
calories; it can, however, be replaced (perhaps quantitatively) by 
the oxonium ion , OH 3 \ which is probably the principal form in which 
44 hydrogen ions ” exist in the solution, although the presence of 
OH 4 ** is not excluded. The undissociated acid , HX, must also be 
classed with the oxonium ion as a proton donator, and may therefore 
be an active catalyst, apart altogether from any pre-existent ionis¬ 
ation, since there is nothing to prevent the molecule of acid from 
giving a proton directly to the acetone or to the sugar, instead of 
passing it on (as an oxonium ion) through the agency of a molecule 
of water; it is also clear that the undissociated molecule of a strong 
acid is necessarily a more powerful proton donator than the molecule 
of a weak acid, and must therefore be a much more powerful catalyst, 
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as Snethlage and others have found to be the case* Neutral water 
also must be classed as a proton donator, quite independently of its 
pre-existent ionisation, since here again there is no reason why one 
molecule of water should be compelled to make use of a second mole¬ 
cule of water as an agent for transferring a proton to the ketone or to 
the sugar.* According to our theory, however, these proton 
donators can only act in conjunction with a proton acceptor, which 
in dilute aqueous solutions will usually be a molecule of the solvent. 

(b) Basic catalysts. Amongst the bases or proton acceptors it is 
usual to reckon only the hydroxyl ion as having any catalytic activity, 
but for the present purpose the molecule of neutral water must also 
be included as a basic catalyst, in view of the readiness with which it 
can combine with a proton from the acetone or from the sugar to 
form an oxonium ion. More novelty is to be found in the perfectly 
logical conclusion of Bronsted (Bee. trav. chim. s 1923, 42, 718) that 
the anion of an acid is also a base or proton acceptor, in view of the 
fact that it can combine with a proton to form a molecule of the 
undissociated acid. The fact that the basicity of the anion is inversely 
proportional to the acidity of the acid provides an obvious explanation 
of the fact that the chloride ion has no marked catalytic activity, 
such as is possessed by the acetate ion in virtue of the weakness of 
the acid from which it is derived. It is of interest to notice that, 
whilst ammonia is a base in virtue of its ability to accept a proton 
from an acid, the resulting ammonium ion is an acid (just like an 
oxonium ion) in virtue of its ability to give up a proton, e.g., when the 
ammonium salt is dissociated into the free acid and base, NH 4 C1 
NHg 4- HC1. In the case of ammonium acetate or pyridinium 
phenoxide, there is a similar reversal of function on the two sides of 
the equation: 

CH 3 -COOH + NH 3 ^2= CH 3 -C0*6;NH 4 

acid base base acid 

C 6 H 3 -OH + NC 5 H 5 — C 6 H 5 -0:NHC 6 H 5 

acid base base acid 

On the other hand, a metallic ion, which can neither give nor accept 
a proton* possesses no acid or basic properties of any kind, and 
cannot act as a catalyst for mutarotation. 

Applications of the Electrolytic Theory of Catalysis. 

(a) The Dual and Quadruple Theories of Acid Catalysis. —The 
ee dual theory ” of acid catalysis met with a good deal of passive 
resistance merely because it was not easy to see how an acid could 

* The ionisation of water cannot give rise to a free proton, and must 
therefore be written as 2H s O ^ OH a * + OH 7 , instead of H 2 0 ^ H* 4 OH'. 
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act as a catalyst apart from its acidity, i.e., its ability to liberate 
hydrogen ions. This difficulty no longer exists, however, if we admit 
that HX and OH 3 * can both act as proton donators, and so con¬ 
tribute to the catalytic activity of the system, although only the ion 
is able to contribute directly to its electrical conductivity. Dawson’s 
“ quadruple theory ” of catalysis presents even greater difficulties, 
since no hint is given to suggest why the anions of a salt should be 
catalytically active, but not the (cations . The distinction thus made 
between anions and kations has, however, been shown to be 
fictitious, in that it only applies to metallic kations, which cannot 
take any part in a catalysis which depends on giving or receiving a 
proton; on the other hand, our own experiments have shown that 
the ammonium and pyridinium ions, which can give but not receive 
a proton, both act as catalysts for the mutarotation of a sugar in 
aqueous solutions. It is also clear that the catalytic activity of an 
anion depends on the weakness of the acid from which it is derived, 
and should therefore disappear, as experiment has proved (e.gr., in 
the case of the chlorides), when the anion is derived from a strong 
mineral acid. If, then, we admit that the kations of a weak base 
and the anions of a weak acid possess similar catalytic functions to 
the hydrogen and hydroxyl ions, since they must also be classed as 
acids and bases in terms of the modem definitions, all the coefficients 
in Dawson’s equation for the catalysis of acetone are then seen to 
refer to molecules or ions which possess acid or basic functions, 
thus : 

V - um + *<[A-] + &oh[OH-3 + 

On the other hand, those molecules and ions which cannot act as 
acids or bases are omitted from the equation, since they are not able 
to influence the course of the change. 

(b) Catalysis by Neutral Water .—A similar difficulty to that en¬ 
countered in connexion with the dual theory of acid catalysis is 
presented by the constant term in Hudson’s equation for the velocity 
of mutarotation of glucose, which we may write as : 

k x + jfc 2 = 0*258[H] + 9750[OH] + 0*0096. 

The constant term, which accounts for practically the whole of the 
velocity at the isoelectric point, and for 92% of the velocity in 
neutral water, was regarded by Kuhn and Jacob as a measure qf 
the velocity of isomeric change in neutral molecules of sugar , and by- 
Euler as representing the isomeric change of a “ zwitterion ” derived 
from the sugar; but it can be explained much more naturally by 
regarding it as a measure of the catalytic activity qf neutral molecules ■ 
of water. It was, however, very difficult to see how water caul# 
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act as a catalyst, in a process that is catalysed specifically by acids 
and alkalis, except by dissociation into hydrogen and hydroxyl ions, 
the activity of which was already allowed for in the equation. On 
the other hand, since the electrolytic theory of catalysis postulates 
that prototropic change depends on the combined action of an acid 
and a base, we may regard the first two terms in the above equation as 
representing the combined action of (i) a hydrogen (or oxonium) ion 
acting as a proton donator at one “ terminal ” of the sugar, with 
water as proton acceptor at the other, and (ii) a hydroxyl ion acting 
as proton acceptor at one “ terminal 55 point with water as proton 
donator at the other. There is then still room for a ec neutral 
water ” term to represent (iii) the action of a molecule of water 
acting as a proton donator (with formation of a hydroxyl ion) at 
one terminal, with another molecule of water acting as a proton 
acceptor (with formation of an oxonium ion) at the other terminal. 
This neutral-water term, which is independent of the acidity and 
alkalinity of the solution, does not appear in Dawson’s equations, 
perhaps because the enolisation of acetone is too difficult a process 
to be effected to any appreciable extent by the combined action of 
two molecules of water and requires the intervention of at least one 
component with stronger acid or basic properties. Since, however, 
components of both types are necessary for the effective catalysis of 
a prototropic change, all the other terms in his equation must be 
regarded as representing the combined action of the ions or mole¬ 
cules of the catalyst with neutral molecules of water , which would be 
present in an enormous excess in the dilute aqueous solutions with 
which he worked. 

(c) Hydrolysis. —Since the analogy between hydrolysis and proto- 
tropic change provided the experimental data from which the 
mechanism now under discussion was first deduced (J., 1925, 127, 
1379), it is inevitable that the electrolytic theory of mutarotation 
should be supplemented by an electrolytic theory of hydrolysis. 
Thus, when regarded from the point of view which is set out above, 
the rupture of the ester bond in hydrolysis and its formation in 
esterification are seen to involve a transfer of valency electrons, 
which is equivalent to the passage of an electric current; the process 
therefore again resembles an electrolysis of the organic compound 
between positive and negative poles provided by the acid and basic 
components of the solution. Whilst, however, any molecule or ion 
which is capable of accepting a proton from an organic compound 
can play the part of the base in promoting prototropic change, this 
is no longer true of hydrolysis, where the hydroxyl ion and the 
neutral molecule of water are the only catalysts which are able to 
provide the necessary atoms of oxygen and hydrogen. We can 
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therefore foresee that the acetate ion, which has such a marked 
effect on the mutarotation of glucose, can exert no direct action in 
promoting hydrolysis. Any effects which it can produce must then 
result from an indirect process of activating either the pre-existing 
hydroxyl ions or the ester, or (in some more vague way) the medium 
in which hydrolysis is proceeding. These effects may be purely 
apocryphal, although they have been used freely to support the view 
that catalysis by acids depends exclusively on the concentration of 
pre-existing hydrogen ions. It is, however, noteworthy that, whilst 
other workers have suspected that the undissociated acid as well as 
its ions can act as a catalyst in hydrolytic processes such as the in¬ 
version of cane sugar, the inherent activity of the anion of a weak 
acid was only demonstrated when catalysis was studied by a 
process depending on prototropic change, and not on hydrolysis. 
Whilst, therefore, it is quite possible that a physico-chemical 
analysis may disclose some influence of the anion on esterification or 
hydrolysis, it appears probable that this indirect effect will be very 
much smaller than the direct effects which have been observed in 
the iodination of acetone and in the mutarotation of glucose. 

Summary . 

(а) The catalysis by acids and bases of prototropic change and 
of hydrolysis is interpreted in terms of an electrolytic theory, 
according to which a flow of valency electrons through the molecule 
is produced by bringing a proton donator and a proton acceptor, or 
a hydroxyl donator, into contact with the two terminals of the labile 
complex. 

(б) An explanation is given of the parts played in the catalysis of 
isomeric change by (i) neutral water, (ii) the molecules of a strong 
acid, (iii) the anions of a weak acid, and (iv) the kations of a weak 
base. The ineffectiveness of metallic kations in isomeric change and 
of the anions of an acid in hydrolysis are also accounted for. 

University Chemical Laboratory, 

Cambridge. [deceived, July 28th , 1927,] 


CCCXLI .—The Quantitative Estimation of Mixtures of 
Isomeric Vnsaturated Compounds. Part II. Iodo - 
metric Methods. 

By Reginald Patrick Linstead and Cecil John May* 

Rapid and quantitative addition of halogens to unsaturated sub¬ 
stances is known to be prevented if the double bond is in the ap¬ 
position with respect to a negative group. In the case of 
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this prevention has been observed with a variety of compounds and 
is responsible for the low “ iodine numbers ” sometimes obtained. 

For mixtures of isomerides of the type CHRR^CECCHX (ocp) + 
CRR^CH-CBLjX (Py), where X is C0 2 H, C0 2 R, COR, or other 
negative group, the velocity of addition of halogen depends on the 
proportion of the isomerides present, and a bromine addition method 
for the analysis of such mixtures, based on this principle, has been 
described (this vol., p. 355). The present communication deals 
with the application of iodometric methods for the same purpose. 


I. Acids. 

Iodine may be added to unsaturated acids in the form of the 
chloride (Huhl, Wijs), the bromide .(Hanus), or as hypoiodous acid 
(Margosches, Bougault). In the present work these methods were 
tested by means of mixtures of two representative unsaturated acids, 
A^q/cfchexenylacetic acid (py) and cycZohexylideneacetic acid (ap). 
The ap-acid showed a much lower reactivity in every case, but the 
methods did not yield uniformly satisfactory results. Under the 
conditions of Hiibl and of Wijs the end-point in the back titrations 
was not clearly marked. The use of nascent hypoiodous acid from 
iodine, moist ether, and mercuric oxide (Bougault) was unsatis¬ 
factory for quantitative measurements. The method of Margosches 
and his collaborators (Ber., 1924, 57, 996) was of value when a high 
velocity of reaction was required (see p. 2569). In general, the 
sodium salt method of Bougault was most satisfactory {Cornet, rend., 
1904,139, 864; Ann. GUm. Phys., 1908,14,145). 

Bougault observed that when iodine in aqueous potassium iodide 
was added to unsaturated acids in sodium bicarbonate solution, 
ap-acids were apparently unchanged whilst py-acids reacted to give 
as final products p-iodo-y-lactones (I). Ponzio and Gastaldi 
(Gazzetta, 1912, 42, ii, 92) suggested that a(3-acids react extremely 
slowly under these conditions, and their view has now been con¬ 
firmed. The difference between the reactivities of the isomerides, 
however, is large and hence the reaction, as suggested by Bougault, 
is of value for analytical purposes. According to Bougault the 
reaction of the py-acids takes place by the addition of nascent 
hypoiodous acid; which must involve the formation of the inter¬ 
mediate (II). 


CRR'rCH-CH^CO^a 

CRR'(OH)-CHI-CH 2 -C0 2 Na'' 


^ORR'-CHI-CHo-i 
_—n_!_ 


Whilst the present work is not claimed to represent a full study of 
this- reaction, the mechanism suggested above c anno t be passed 
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without comment. In the first place addition of this type would 
involve an exceptionally high velocity coefficient for the reaction, 
account being taken of the facts that the formation of lactone is often 
extremely fast and the concentration of hypoiodous acid in the 
presence of the excess of sodium bicarbonate is very small (compare 
Francis, J. Amer. Chem. Soc 1925, 47, 2340). Again, the sodium 
salt of a y-hydroxy-acid such as (II) should show no tendency to 
lactonise in alkaline solution. We suggest that the mechanism of 
the reaction is represented either by (A) or by (B), which is a modi¬ 
fication of (A) based on the views of Francis (loc. cit.) on bromine 
addition, the first stage being the addition of positive iodine to the 
negative [3-carbon of the ionised salt.* 


RR'C:CH-CH 2 *C0 2 Na + I 2 


- + + - 


ER'CI-CHI-C^-CO^a 

ERyCHI-CH^O + Hal 
0 (A) 


[RR'C—CH*CH 2 *C0 2 Na] + [I—I] 
RR'C=^CH-CHo-c 6 2 + [Na 1] 


RRyCHI-CH 2 -(j!0 

(B) 


The velocity of addition inter alia would be inversely proportional 
to the concentration of the salt of the di-iodo-acid (or its ionic 
equivalent) and would therefore be greatest when this was most 
rapidly removed as the insoluble lactone. The lack of reactivity of 
the ap-acids can thus be attributed in part to the instability of the 
a-iodo-p-lactones which would be formed as final products. Recent 
investigations have shown that the presence of two (3-substituents has 
a stabilising influence on the (3-lactone ring and facilitates its form¬ 
ation, as anticipated by the Thorpe-Ingold modification of the 
Baeyer theory (private communication from Mr. S. F. Biggs). It 
is therefore to be expected that addition of iodine to ap-acids may be 
appreciable in the case of pp-disubstituted acids. We find that with 
a large excess of iodine under the conditions of Bougault, cyclo - 
hexylideneacetic acid gives 32% addition in 24 hours, while with 
equivalent amounts of reagents the reaction occurs to the extent of 
some 1% per hour. 

The method described by Bougault (loc. cit.), which depends on 
the actual isolation and weighing of unchanged acid (ap) and of 
iodo-lactone, gives only approximately correct figures, as it is not 
possible to obtain complete reaction of the py-acid without sonic 
conversion of the ocp. In addition, p-iodo-lactones are unsatis¬ 
factory substances for quantitative estimation owing to the ease with, 

* We are indebted to Professor R. Robinson, F.R.S., for this suggestion. 
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which the iodine atom is displaced by hydroxyl. The following 
methods of analysis give satisfactory results. 

(1) When the pure isomeric acids are available. The reaction of 
iodine with the mixed sodium salts is carried out as described in the 
experimental portion of this paper. The use of the concentrations 
suggested by Bougault leads to irregular results and in general the 
presence of an excess of iodine is detrimental. The most satis¬ 
factory results are obtained by using equivalent quantities of N /20- 
iodine and Nj 15-acid (against alkali). A curve connecting com¬ 
position and percentage addition of iodine is constructed as described 
in Part I and the compositions of unknown mixtures are found by 
reference to it. This method is more convenient than that involving 
bromine addition and the absence of substitution reactions renders 
it more accurate. The experimental error does not exceed 1%. 

(2) When the isomeric acids cannot be isolated in the pure state. 
With certain acids (see e.g., Kon and May, this vol., p. 1549) it is 
either impossible to obtain definite evidence of homogeneity or else 
no methods are available for the complete separation of the isomer- 
ides, and the interpolation method can no longer be used. In these 
circumstances the separation method of Bougault has been applied 
to obtain the value for the position of equilibrium in the cyclo- 
heptylideneacetic acids (Kon and May, loc. cit.), and the figure so 
obtained remains to be checked by the more accurate method now 
available. Attempts were also made to isolate pure diisobutylaerylic 
acid from mixtures by this method, but very little was obtained 
owing to the velocity of reaction of the ap-acid with iodine. It 
has now been found possible to apply a correction for this source of 
error, which prevents the direct determination of the iodine taken 
up by the py-acid. The extrapolation method described below takes 
advantage of the relatively small reaction of an ap-acid in mixtures 
containing its isomeride. 

If iodine absorption is plotted against time for a pure Py-acid, the 
curve will be that of an ordinary bimolecular reaction, ultimately 
becoming asymptotic to the line of 100% addition. The curve for 
the ap-isomeride will follow the same general course, but over the 
period during which Py-addition goes to completion it will approx¬ 
imate to a straight line. For a mixture of the two acids, the curve 
will resemble that for the pure py-acid, but instead of becoming 
asymptotic to a line parallel to the time axis it will continue along a 
line representing the ap-addition after all the Py-acid has reacted. 
If, therefore, this rectilinear portion of the curve is continued back 
to meet the axis, the point of intersection will represent the addition 
due to the Py-acid alone. Or, if a 1 and a 2 are the addition values 
after times t x and then Py-addition = a x — (a 2 — u 1 )/(« 2 — ^). 
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It is, of course, only a first approximation to assume that the rate 
of a p-addition remains constant during the progress of the py- 
reaction : actually it progressively decreases. The error involved, 
however, is not large if the conditions of experiment are carefully 
controlled. To test the accuracy of results so obtained, a series of 
titrations was carried out with mixtures of A 1 -cycZohexenyl- and 
cycZohexylidene-acetic acids of known composition; the curves 
are shown in Fig. 2. 

The strengths of the solutions and the details of the titrations are 
similar to those described in the experimental portion of this paper 
for the interpolation method (p. 2573). For a given mixture, four 
or five determinations of iodine addition must be made at accurately 
known intervals of time. The following additional features require 
attention. 

(i) In general, the time for complete reaction lies between 2 and 3 
hours, provided that the amount of Py-acid is not above 50% and 
that the theoretical amount of iodine for 100% addition has been 
added. Sometimes, however, strict adherence to these conditions 
makes it necessary to extend the titrations for an inconveniently 
long time. The period may be shortened by employing an excess of 
iodine, but this device leads to the occurrence of side reactions. 
The necessary increase in reaction velocity may be brought about by 
applying the method of Margosches (Hoc. cit.), which eliminates 
potassium iodide by using alcoholic solutions of iodine. The 
retarding infiuence of potassium iodide on the reaction velocity is 
clearly shown by the following figures for the reaction with hydro- 
sorbic acid (CH 3 'CH 2 *CH!CH*CH 2 'C0 2 H): Solutions of 0*0696 g. 
(0*61 X 10” 3 g.-mol.) of the unsaturated acid in 10 c.c. of saturated 
bicarbonate solution and of 0*1580 g. (0*613 X 10 _s g.-mol.) of 
iodine in 25 c.c. of 50% ethyl alcohol were added in the order 
named to 10 c.c. of water containing a definite quantity of potassium 
iodide. The % reactions were : 

KI (g.-mol. X 10” 3 ) ... 0 0*157 0*314 0*470 0*784 0*941 1*157 

% Addition in 10 mins. 54*4 48*2 43*2 40*6 36*2 34*0 32*8 

The occurrence of side reactions is not eliminated by this modifi¬ 
cation, for the curve for the pure py-acid shows a noticeable rise above 
100% absorption. This does not appear to affect the results appre¬ 
ciably and it would seem that the effects of the side reaction are 
eliminated by the process of extrapolation employed. 

(ii) While it is necessary to use sufficient iodine to ensure the 
virtual completion of the py-reaction within a reasonable time, any 
considerable excess over this amount is to be avoided; the amount 
of iodine used may therefore be reduced below the theoretical 
quantity for complete reaction of both acids, provided that an J 
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excess of 10—20% above that required for complete fty-addition is 
used. The requisite amount can be determined by carrying out a 
rough preliminary examination of the mixture. 

(iii) The most satisfactory method of conducting the experiments 
is to mix the acid and iodine solutions in bulk and to remove aliquot 
portions for titration at definite times. This can, however, only be 
done when the lactone formed is soluble in the particular solution 
employed. Otherwise there is a tendency for the precipitated 
lactone to carry down iodine, and it becomes necessary to prepare a 
number of separate solutions, similar in all respects, each one being 
titrated as a whole. Iodine occluded in this way does not harm the 
accuracy of each individual titration, as the lactone is dissolved by 
the chloroform which is first added. 

The application of this method to the determination of the taut¬ 
omeric equilibria in the dipropyl- and dmobutyl-acrylic acids is 
described on p. 2575. 

II. Neutral Substances. 

The substances examined were ketones and esters, but the 
methods employed should be applicable to nitriles, substituted esters 
such as cyano-esters, and probably to olefines containing a phenyl 
substituent. These compounds were known to add on halogens 
much more readily than the corresponding acids and it was therefore 
necessary to find considerably milder reaction conditions. In the 
first place, the use of bromine in an inert solvent was tried at lower 
concentrations than those used for the acids (Part I, loc. tit.). This 
work was carried out on the isomeric ketones (III) and (IV) and it 
was only under extremely mild conditions that the addition to the 
py-ketone (III) was sufficiently slow to be measured. The reference 
figures for the pure ketones being known, the equilibrium between 
them was studied: 

(m.) CHMe:CEt*CH 2 -COMe — CH 2 Me-CEt:CH*COMe (rv.) 

It has been shown (Kon and Linstead, J., 1925,127, 815) that this 
interconversion occurs in cold sodium ethoxide solution, the extent 
of the change in 28 hours being 15% fty—^aftand35%aft—>py. It 
is now found, by the bromi n e method of analysis, that equilibrium is 
attained in about 30 hours and is approximately 14% aft-ketone:^ 
86% fty-ketone. The experimental error, however, is high, at least 
2%, and a redetermination by the more accurate iodine chloride 
method given below has not yet been possible owing to lack of 
material. 

Use of Iodine Chloride .—The well-known Hubl method for the 
determination of iodine numbers may be modified to give satisfactory 
results. It has been applied in a number of cases, but only three, 
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namely, ethyl styrylacetate (CHPh!CH*CH 2 *C0 2 Et), ethyl cyclo- 
hexylideneacetate, and ethyl A 1 -c?/cZohexenylacetate, -will be 
described. As in the Hubl method, the nnsaturated substance or 
mixture of substances is allowed to react with iodine chloride pre¬ 
pared from mercuric chloride and iodine in alcoholic solution. The 
concentrations of the reagents are, however, lower than those under 
Hubl’s conditions and the substances are brought together in equiv¬ 
alent amounts. When the pure isomerides are available, an addition 
curve is constructed in the usual way and the composition of an 
unknown mixture is determined by reference to it. The experi¬ 
mental procedure for this method is given on p. 2578. In cases where 
the pure isomerides are not available the extrapolation method 
already described should be of value; we have, however, not yet 
tested it. 

No evidence of the movement of the double bond in ethyl styryl¬ 
acetate could be obtained by comparing its iodine figures before and 
after treatment with sodium ethoxide (compare Linstead and 
Williams, J., 1926, 2735), for the action of this agent led to partial 
hydrolysis and partial polymerisation. 

Unlike ethyl styrylacetate, ethyl A 1 -ci/ctohexenylacetate shows 
no tendency to condense in the ag-phase under the conditions of the 
Michael reaction and therefore it was not expected that sodium 
ethoxide would cause any tautomeric change in this ester. At 60°, 
however, the isomeric esters were readily interconvertible and 
analyses by the iodine chloride method indicated that an equilibrium 
was reached in the neighbourhood of 10% ap-ester^±r 90% [3y-ester; 
the equilibrium mixture derived from the ap-ester was carefully 
hydrolysed and substantially pure py-acid obtained. The equil¬ 
ibrium figure is close to that (12% 88% (3y) found for the corre¬ 

sponding acids in caustic alkali solution (Linstead, this vol., p. 2579). 
It would appear probable that the esters of mono-olefinic acids under¬ 
go a reaction analogous to the Pittig change. This does not seem to 
have been observed previously, although many examples of changes 
in unsaturated esters containing a second negative group have been 
recorded (compare Thorpe, J., 1905,87,1670; Vorlander, Annalen, 
1906, 345, 244; Parmer, J., 1923, 123, 3324). This branch of the 
work is being further investigated. 

The iodine chloride addition method has now been used in a study 
of the pulegone isopulegone change and is being used in that of 
other tautomeric ketones. 

Experimental. 

Materials .—The A 1 -cycZohexenyl- and cycfohea^Kdene-a^tio acBs 
satisfied the usual criteria of purity. The pp-dipropylaca^Ec acid. 
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PP-di&obutylacrylic acid, and their isomerides were the original 
materials prepared by Kon and May (loc. cit.). The isomeric ethyl- 
hexen-p-ones (III and IV) were prepared by Kon and Linstead’s 
method (loc. cit.) and had the following properties: Py-Ketone, 
b. p. 70°/20 mm.; semicarbazone, m. p. 141° after one crystallisation. 
ap-Ketone, b. p. 71°/I8 mm.; semicarbazone, m. p. 156° without 
crystallisation. Ethyl styrylacetate, prepared by esterification of 
the pure acid, had b. p. 162°/24 mm. This ester underwent slow 
fission to benzaldehyde on standing and was redistilled immediately 
before use. Ethyl c?/cfohexylideneacetate, prepared from the pure 
acid through the acid chloride {b. p. 104°/11 mm.), had b. p. 111°/16 
mm. Ethyl A 1 -ct/cZohexenylacetate, made from the pure solid acid 
through the acid chloride (b. p. 86°/13 mm.), had b. p. 95°/14 mm. 
The iodine used was of analytical purity. 

Reaction of the Isomeric cycloi? exenylacetic Acids with Iodine .— 
(1) Qualitative . Excess of iodine in aqueous potassium iodide was 
added to a solution of the Py-acid in aqueous sodium bicarbonate. 
A resinous oil was formed almost immediately, and after 5 minutes 
this was extracted with ether; the extract was washed with solu¬ 
tions of sodium thiosulphate and sodium carbonate and dried. The 
ether was removed cautiously, the last traces in a good vacuum; the 
residue slowly solidified. Subsequent preparations were readily 
induced to crystallise by seeding. The crude product was pressed 
on a porous tile and then boiled in ether with the addition of animal 
charcoal. The purified lactone, obtained by filtration and evapor¬ 
ation, was recrystallised from light petroleum, the y-lactone of 

l-wdo-2-hyctroxycyclohexyfacetic acid , C 6 H 9 I<Cq?£>CO, separating 

in white prisms, m. p. 58° (Found: C, 36*0; H, 4*3; I, 46*3. 
C 8 H n 0 2 I requires C, 36*1; H, 4*2; I, 47*7%). It is soluble in 
organic solvents except cold light petroleum, insoluble in water 
and in alkali carbonate solutions, but soluble in caustic alkalis. 
The crude material has a strong characteristic smell, which is 
di mini shed by purification. Hot petroleum solutions develop a 
characteristic pink colour which is not due to the liberation of 
iodine. The liquefied lactone decomposes vigorously at 80—100° 
with the formation of free iodine. 

When treated with iodine under similar conditions, the isomeric 
ap-acid slowly formed an insoluble resin, which had a strong smell 
quite different from that of the preceding lactone and could not 
be obtained in a pure condition. The rate of reaction of the 
ap-acid under these conditions was determined in the following 
experiments. 

i. 0*4986 G. of the acid in 25 c.c. of saturated aqueous sodium 
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bicarbonate was treated with 25 c.c. of iodine solution of Bougault’s 
concentration (25 g. 40 g. KI, water to 125 c.c.). % Addition 
found : (in 2 hrs. 10 mins.) 7; (in 24 hrs.) 30, 34. 

ii. 0-7140 X 10" 3 G.-mol. of the acid in 10 c.c. of the bicarbonate 
solution was treated with 0*6435 x 10~ 3 g.-mol. of iodine in potassium 
iodide solution. % Addition found : (in 1 hr.) 1; (in 2 hrs.) 1-9; 
(in 2 hrs. 30 mins.) 2*7. 

(2) Quantitative. When mixtures of the acids were treated under 
the analytical conditions described below, the product was a mixture 
of the 1-iodo-y-lactone and the unchanged ap-acid. The following 
experiments indicate the degree of completion of the separation. 
The mixed acids in known proportion (1—2 g.) were dissolved in 
some 15 c.c. of saturated sodium bicarbonate solution, and iodine 
(3 g.-atoms to 1 of acid) was added in potassium iodide solution of 
Bougault’s concentration. After 1—2 hours, 4 c.c. of saturated 
sodium carbonate solution were added and the lactone was isolated 
in the manner already described. The a[3-acid was separated from 
the carbonate solution in the usual way and weighed. The weight 
of Py-acid present in the mixture was calculated from the weight of 
crude lactone. 

Mixture 1. Found: ap-acid, 81*8; py, 19*6% (=101-4%). 
Actual ap-acid, 85%. 

Mixture 2. Found: ap-acid, 48*5; py, 47-7% (=96-2%) 
Actual ap-aeid, 52*6%. 

Mixture 3. Found: ap-acid, 80*7; Py, 24*3% (= 105%). 

Actual ap-acid, 76*3%. 

Titration Methods of Analysis .—(1) By interpolation. To find 
the most satisfactory conditions of reaction, various concentrations 
of the reagents were tried. The results are shown in Fig. 1. Curves 
a, 6, and c were obtained on using 500, 250, and 100% excess of 
iodine respectively, and curves d and e on using the reagents in 
exactly equivalent proportion. The high addition values in series 
a and b are due to side reactions still under investigation. Some 
reaction of the iodine with traces of carbonate present certainly 
occurs. Curve e is the standard reference curve, obtained by using 
0*033 g.-mol. of each reagent per litre. 

In carrying out a determination, the acid (l/60th g.-mol.) is 
dissolved in a little saturated sodium bicarbonate solution without 
heating, and the mixture is then made up to 250 c.c. with the 
bicarbonate solution. To 10 c.c. of the solution, contained in a 
stoppered bottle, the theoretical quantity (about 28 c.c.) of approx¬ 
imately N /20-iodine (in potassium iodide solution) is added, and the 
reaction is allowed to proceed for 10 minutes in the dark; 10 c.c. of 
chloroform and about 200 c.c. of water are then added, the solution 
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is. acidified with hydrochloric acid, and the unchanged iodine 
immediately titrated with N/2 0-sodium thiosulphate.* 

The time of reaction can be altered to bring out the difference in 
reactivity of any pair of isomerides, provided that the time taken in 
analyses of unknown mixtures of the isomerides is the same as that 
taken in the analyses from which the reference curve is constructed. 
Exact thermostatic control of temperature is unnecessary, but large 
temperature changes obviously introduce a source of error and are to 
be avoided. 



% Addition of iodine . 


By plotting % addition of iodine against composition a smooth 
curve is obtained (curve e, Fig. 1) which can be used for the analysis 
of unknown mixtures of these acids. 

(2) By extrapolation . The titrations were carried out as in the 
preceding method. 

* The acidification is desirable, as traces of carbonate present in the bi¬ 
carbonate react with hypoiodous acid as follows (Eougault, Compt. rend,, 
1917, 164, 949); 

I 2 + H 2 0 HIO + HI; 2HI0 + Na 2 C0 3 —^NalO; 

4NaIO -f Na 2 S 2 0 3 + H 2 0 —^2NaHS0 4 + 4NaI. 

The last reaction proceeds concurrently with the ordinary titration reaction 
and requires only l/8th of the normal amount of thiosulphate per g.-mol. of 
free iodine. In the early work described above, this precaution was omitted 
and there is therefore a slight absolute error. 




MIXTURES OE ISOMERIC UN SATURATED COMPOUNDS. PART II. 2575 


Table I. 

Mixtures of A^cycZoHexenyl- and cycZoHexylidene-acetic Acids. 


% ajS-Acid. 100 83-7 75-0 66*7 

% Addition . 5-9, 4*9, 6*3 21-0,22-4 28-5,26-8 34-7, 33-3 

% ajS-Aoid. 50 33-3 25-0 16-7 

% Addition . 43-5, 43-7 53*6, 53*1 56-7,56-2 60-2, 60-5 

% a/J-Acid. 0 

% Addition . 66-4, 65-5, 65*5 


Table II. 


Test Mixtures of A^cycZoHexenyl- and cy cZoHexylidene - acetic Acids 

(see Fig. 2). 



Acid in 10 c.c. 

Iodine added 

Iodine 

% jSy-Acid. 

Mixture. 

(g.-mol. x 10 3 ). 

(g.-mol. X 10 3 ). 

solution. 

Actual.* 

Found. 

A 

0-7140 

0-6435 

25 c.c. aq. 

0 

-0-1 

B 

0-5897 

0-6451 

99 

8-7 

9*4 

C 

0-5508 

0-6470 

99 

23-7 

24-7 

I) 

0-7012 

0-6451 

99 

40-1 

40-5 

E 

0-7226 

0-7280 

99 

60-9 

61-3 

F 

0-4936 

0-5170 

15 c.c. ale. 

81-4 

82-5 

G 

0-7106 

0-8413 

32-5 c.c. ale. 

100 

103 


* These points are shown in Fig. 2, marked 0, where the ordinates represent 
% /?y-acid for this purpose. 


The iodine solutions in aqueous potassium iodide were similar to 
those used in the previous method. The solution in alcohol which 
was used in all the determinations described in this paper had the 
composition: iodine 6-35 g., 95% ethyl alcohol 600 c.c., water to 
1 litre. 

The accuracy of the method will not, in most cases, exceed ± 5%, 
as we consider the cyclo hexenylacetic acids to be an exceptionally 
favourable pair. The method, however, is the only one capable of 
giving trustworthy results for acids which cannot be completely 
separated from their isomerides. As such it has been applied in the 
two cases studied by Kon and May (loc. cit.). 

Equilibrations .—1. Lipropyl-acids. pp-Dipropylacrylic acid and 
its Aft'-isomeride were heated with aqueous potash under the follow¬ 
ing conditions : 

a. j8y-Acid heated with excess 60% potash for 24 hours. 

b. /3y* „ „ ,, ,, 60% „ 24 ,, 

then with 20% „ 24 „ 

c. ajS- „ „ „ „ 60% „ 48 „ 

d. ct/3- ,, ,, ,, „ 20% ,, 48 ,, 

The results of iodine absorption by the products (Table 3H) show; 
that equilibration is slow in 60% potash, probably owing to the 
sparing solubility of the potassium salts of the acids at this 
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concentration. The effect on the result of an increase in iodine 
concentration is shown by the two analyses (cA and cB) of the pro¬ 
duct in experiment c. 

Fig. 2. 



Minutes. 
Fig. 3. 


2. Dmobutyl-acids .—Only one accurate determination has been 
carried out, on a mixture of pp-dusobutylacrylic acid and its Aft'- 
isomeride which was heated with 60% potash for 24 hours. The 
result obtained (51*5% of gy-acid) by the iodine absorption method 
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agrees with that to be expected from the physical properties of the 
mixture (Kon and May, loc. cit.). 

Table III. 


Pp-Dipropyl- and pp-Diisobutyl-acrylic Acids (see Kg. 3). 



Acid in 10 c.c. 

Iodine in 25 c.c. 
alcoholic solution 

% /?y-Acid 

Mixture. 

(g.-mol. X 10 s ). 

(g.-mol. X 10 s ). 

found. 

Dipropyl. 

aA 

0*5720 

0*6182 

(74*9) 

bA 

0*6810 

0*6458 

68*6 

cA 

0*6298 

0*6458 

62*5 

cB 

0*5530 

0*7350 

(76*2) 

dA 

0*4238 

0*4125 

66*3 
Mean 65*8 

Diisobutyl. 

eA 

0*6380 

0*6265 

51*5 


Addition of Bromine to the Isomeric Ethylhexenones .—The reaction 
with bromine was studied by the method given in Part I (this vol., 
p. 355). The reaction of the a (3-ketone with an equimolecular 
quantity of bromine was approximately bimolecular; the mean 
velocity coefficients obtained under various conditions are in 
Table IV, where c is the concentration (g.-mol. per 1.) of each reagent. 


Table IV. 


Solvent. 

c. 

Temp. 

Mean h. 

CC1 4 . 

1/60 

25° 

0*0141^0*0059 

cs 2 . 

•* ft 

ft 

0*0151^0*0094 

CHCl 3 . 

*• tt 

„ 

0*0024± 0*0008 

CHCla... 

• • tt 

0 

0*195 ±0*035 

CC1 4 .. 

1/120 

25 

0*0052±0*0004 


The order for the rates of reaction in the various solvents at 25° is 
the same as that found by Herz and Mylius for cinnamic acid 
(. Ber ., 1906, 39, 3817), namely, CS 2 >CC1 4 >CHC1 3 . Under all the 
above conditions the Py-ketone reacted completely (within the 
limits of experimental error). 

Experiments at 25° with concentrations of the reagents each 
1/300 g.-mol. per litre of carbon tetrachloride (a bromine solution 
at this dilution retained its strength during the necessary interval 
of time) showed that the py-ketone reacted completely in 6—7 
minutes, whereas the reaction of the ap-ketone was quite slow. The 
addition figures over a 2-minute interval were determined and com¬ 
pared with those obtained for the equilibrated ketones (prepared in 
the usual way from the parent ketones by the action of cold sodium 
ethoxide solution). The figures given in Table V are subject to 
considerable experimental error owing to the small differences 
measured, . 
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Table V. 

Ketone. Treatment. Mean % addition of bromine in 2 mins. 


ajS Pure. 37*9 ± 0*6 

a/3 NaOEt, 24 hrs. 83*3 

aj3 NaOEt, 48 hrs. 89*3 

/3y NaOEt, 48 hrs. 89*2 

fiy Pure. 97*3 ± 1*9 


By interpolation the equilibrium is found to be approximately 14% 
ap-ketone^=^86% py-keto&e. In confirmation, the semiearbazone 
of the equilibrium mixture was prepared and was found to be mainly 
that of the Py-ketone. 

Use of Iodine Chloride .—The two standard solutions required in 
this method contain respectively 3-384 g. of iodine and 5*076 g. of 
mercuric chloride per 100 c.c. of 95% ethyl alcohol. These solutions 
are mixed in equal parts 24 hours before use; the mixture does not 
retain its strength. 10 C.c. are approximately equivalent to 1/1500 
g.-mol. of a mono-olefinic substance. 

An analysis is carried out by weighing out 1/300 g.-mol. of the 
unsaturated substance into a graduated flask and dissolving it in 
50 c.c, of pure carbon tetrachloride. 10 C.c. of this solution are 
pipetted into a stoppered bottle. The iodine chloride solution 
prepared as described above is standardised against iV/20-sodium 
thiosulphate and the exact theoretical amount is run into the solu¬ 
tion of the unsaturated substance from a burette.* The reaction is 
allowed to proceed in the dark. At the end of a convenient time, 
determined by preliminary experiments, the mixture is treated with 
some 30 c.c. of 10% potassium iodide solution and 300 c.c. of water, 
and the unchanged iodine chloride is determined by back titration. 
The isomeric ethyl c^/cfohexenylacetates showed the expected large 
difference in reaction; the figures for these esters and for ethyl 
styrylacetate under these conditions are in Table VI. 

Table VI. 

Time (mins.). 

10. 20. 60. 

% Addition fcycfohexylideneacetate (a/?) 0*2 2*2 4*2 

to A^ct/cfchexenylacetate (j3y) 56*0,56*1 62*0 69*8 

ethyl \ styrylacetate (jSy) 34*2 46*4 62*7,61*8 

* If M is the mol. wt. in g. of the substance, t is the titre of 10 c.c. of iodine 
chloride solution, and F the factor of the thiosulphate (1 c.c. = F g. of iodine), 
then the volume of iodine chloride solution ( J) required by 10 c.c. of a solution 
containing x g. per 50 c.c. is given by (i) J = 507-6x/MtF, and the % of 
unchanged substance at the end of the reaction period by (ii) 1000T/tJ, where 
I* is the back titre. Expression (i) allows for small discrepancies in weighing 
the unsaturated material; x\M should equal 1 /300 to the nearest milligram. 
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There was no back reaction with the a (3-ester after titration, but a 
slow liberation of iodine occurred in the case of the two Py-esters. 

Artificial mixtures of known amounts of the two c^/cZohexenyl- 
acetates reacted as follows in 1 hour : 

% ajS-Ester. 100 75*1 50-2 33*5 25-1 0 

% Addition ... 4*2±0*5 23-5±0*05 43*3±0*05 54*5±0*3 59-7 69-8 

The smooth composition-addition curve given by these figures 
was then used to determine the compositions of equilibrated mixtures 
of the esters. The pure esters were refluxed at 60° with an equi- 
molecular amount of alcoholic sodium ethoxide for 43 hours. The 
product was in each case poured into water and extracted with ether. 
After drying and removal of the ether the residue was fractionated. 
Some 15—20% of liquid was isolated (b. p. 134°/12 mm., probably 
p-ethoxy-ester), but the bulk of the material was recovered as 
unsaturated ester, which had the following properties : 

% Addition of iodine % a/?-Ester 

Parent ester. B. p. of product. chloride in 60 mins. (calc.). 

aj8 94-—102°/12 mm. 68-4 ±0*1 6 

102—107°/17 nun. 63*8 ± 0*05 16 

The equilibrium appears to be of the order of 10% ap-ester=^90% 
py-ester. 

The equilibrated ester from the ap-ester was hydrolysed under 
conditions precluding isomeric change in the acids, namely, at room 
temperature with 10% alcoholic-aqueous sodium hydroxide for 
4 days. The acid isolated in the usual way was found to consist 
of A x -c 2 /cZohexenylacetic acid [plates, m. p. (crude) 33—34°], con¬ 
taminated with an oily mixture which deposited more py-acid but 
no ap-acid on standing. 

The authors wish to express their thanks to Professor J. F. Thorpe, 
F.R.S., and Dr. G. A. R. Kon for their interest in this work. 

Imperial College op Science and Technology, 

London, S.W. 7. [. Received , August 22nd, 1927.] 


CCCXLII .—The Chemistry of the Three-carbon System . 
Part XIV . The JEffect of Conditions on Isomeric 
Change in Unsaturated Acids . 

By Reginald Patrick Linstead. 

In previous papers of this series the terms “mobility” and 
“position of equilibrium” were used somewhat freely, but their 
expression in quantitative terms was not possible. The position 
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of equilibrium was assumed to be constant for a definite pair of 
isomerides, and subsequent experimental evidence has supported 
this view (Linstead, this vol., p. 362; Johnson and Kon, J., 1926, 
2748). The work of the latter on the p-alkylcinnamic acids, how¬ 
ever, was based on a salt-separation method, whilst that of the 
present author on the cyclohexane acids was limited in scope. 
Further work has now been carried out on this important point 
and on the quantitative expression of mobility. The technique of 
the equilibration experiments has been improved and the con¬ 
venient iodine method of analysis (Linstead and May, preceding 
paper) has been used in place of the bromine method. 

The value now found for the equilibrium is 88*2% A^cyclo- 
hexenylacetic acid ((3y) 11-8% cycfohexylideneacetic acid (a(3), 

which confirms that (88^=12) previously reported. The probable 
accuracy of both analytical methods is shown by the agreement 
between the results. In addition, it has now been found that this 
position of equilibrium is, within the limits of experimental error, 
indepenjdent of temperature, concentration of the unsaturated acid 
and of the catalytic alkali, the nature of the alkali, and the presence 
of alcohol. It may therefore be regarded with some certainty as a 
structural constant. The independence of the equilibrium point of 
temperature indicates that the reaction between the acids, whilst 
requiring considerable energy for its inception, takes place with 
scarcely any heat change. In view of the work of Derick (J. Amer. 
Ghem . Soc ., 1910, 32, 1333), it is of interest to note that the ionis¬ 
ation constants of the two acids are very similar, 0-00260 for the 
ap- and 0-00249 for the Py-acid (Zelinski and Izgaryschev, J. Russ . 
Rhys . Ghem . Soc., 1908, 40, 1379). 

The mobility of systems such as these, tautomeric in the presence 
of a powerful catalyst, can only be expressed rationally in terms of 
the velocity of the interconversion reaction. As previously pointed 
out (this vol., p. 368), a definite set of conditions has to be standard¬ 
ised before the mobilities of different series can be compared. 
From a survey of the results so far obtained, the following have 
been selected as the most convenient conditions : The equilibration 
is carried out at 100°, the unsaturated acid being treated with 
25% aqueous potassium hydroxide (ten times the quantity required 
for exact neutralisation).* The velocity coefficient of interconver¬ 
sion is given by k x 4* h z = lo g £ {£/(£ — x)}/t (this vol., p. 367). It 
is proposed to take the expression 100 (& x + Jc 2 ), when t is expressed 

* If 0*01 g.-mol. of unsaturated acid is used, this quantity is 18*12 c.c. of 
a solution containing 25 g. of potassium hydroxide in 100 g. of solution 
(30-96 g. in 100 c.c.), d 1 / 1*239. Solutions between 24 and 26%, if used in 
equivalent amounts, may be taken as satisfactory. 
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in hours and £ and x in g. of potassium salt per c.c. of water, as a 
convenient numerical figure for the degree of mobility of the system. 
For the acids here dealt with, this figure becomes 10*0 ±1*3 units (see 
p. 2584). Previous work was not carried out under these standard 
conditions, but various acids, including the simplest straight-chain 
olefinic acids, are now being examined with a view to obtain definite 
values for their mobility and position of equilibrium. 

Experimental. 

Equilibration. —A 1 -C 2 /cZoHexenylacetic acid and q/cfohexylidene- 
acetic acid were prepared and purified by the standard methods. 
The acid under investigation (1*40 g .; 0*01 g.-mol.) was sealed up 
in a thick-walled tube of resistance glass with the appropriate 
amount of alkali. The concentrations and the excess of the 
alkali solutions were varied to suit the particular conditions required. 
The concentrations, allowing for neutralisation, of the potassium 
salt of the acid and the excess alkali in the various solutions are 
given in Table I. 

Table I. 

Concentrations of Reactants . 

Amount present (g.). Concentration (g./c.e.). 


Sol. 

K salt. 

KOH. 

Water. 

K salt. 

KOH. 

A 

1*78 

5*04 

15*74 

0*114 

0-321 

B 

ft 

ft 

17*53 

0*102 

0*287 

C 

if 

0*56 

3*29 

0-541 

0*170 

D 

ft 

tt 

22*63 

0-079 

0-025 

E 

ft 

>t 

13*93 

0*128 

0*041 


Solutions A and B are approximately “ standard,” the theoretical con¬ 
centrations conforming with the conditions given on p. 2580 being 0*105 g. K 
salt and 0*297 g, KOH per c.c. 

The reaction tube was heated at the desired temperature in a 
bath of boiling liquid (chloroform, 61*2°; trichloroethylene, 87°; 
water, 100°; saturated solution of potassium nitrate, 115°). At 
the end of the required interval of time the product was freed 
from a trace of lactone in the usual way and the acid was dried, 
carefully freed from solvent, and weighed. The loss was of the 
order of 5%. 

Examination of the Mixed Acids .—In the earlier work little or no 
addition of water to the double bond occurred when the unsaturated 
acids were boiled with 60% alkali. The absence of such addition 
products was shown in the present work by the normal iodine 
addition values of all the products and by the fact that no hydroxy- 
acid could be isolated by Fittig’s method (separation by steam 
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distillation), although in control experiments a quantity of 2% 
could readily be isolated under the conditions used. 

The mixed unsaturated acids were then examined by the iodine 
addition method (First method, Linstead and May, loc. cit.) and 
the proportion of the isomerides was determined by reference to 
the standard curves. 

Tabulation and Examination of Results. 

I. Point of Equilibrium .— 


Table II. 


Concentrations of Reagents —A (Table I). 


Product. 


Expt. 

Initial 

material. 

Temp. 

Time 

(hrs.). 

% Addition of iodine. 

% aj8-Acid. 

1 

<x£-Acid 

100° 

21 

61-8; 62*8; 62*8; 63-0 

12*0 ± 1*0 

• 2 

99 

99 

23 

63*8; 62-8; 63*2; 62*5 

10*8 ± 1*0 

3 

99 

99 

49 

63*7; 62*7; 62*7 

10*8 ± 1*1 

4 

jSy-Acid 

B.p. 

7*5 

62-6 

12*2 

5 

100 

8*8 

62-6; 62-5; 61*0 

13*3 db 1*7 

6 

99 

99 

24 

62-9 

11*0 

7 

39 

115 

17-5 

63-2 

10*5 

The 

effect of 

less vigorous conditions was most conveniently 


tested by starting with the equilibrium mixture. A quantity of 
this (addition value, 62-6%; ap-acid content, 12*2%) was prepared 
from the ap-acid and treated under the following conditions : 

(8) Concentrations, A; temperature, 61°; time, 24 hrs. The 
product had addition value, 62*5%; ap-acid content, 12-3%. 

(9) 1*40 G. of the equilibrium mixture were treated with 18*62 c.c. 
of 24*4% KOH solution (B) and an additional 18*62 c.c. of ethyl 
alcohol were added. Temperature, 100°; time, 24 hrs. The 
product had addition value, 63*1%; ap-acid content, 10*5%. 

(10) 1*40 G. of the equilibrium mixture were treated with ten 
times the amount required for neutralisation of a 25% solution of 
sodium hydroxide. The product had addition value, 61*3%; 
«P-acid content, 15*0%. 

The mean of these results corresponds to an ap-acid content at 
eqmlibriutn of 11*8% ± 1*1%. The corresponding mean value 
for the eqtdlibrium in boiling 40, 50, and 60% potassium hydroxide 
solutions is 12% ± 0*8% (Linstead, loc. cit.). The equilibrium is 
therefore constant over a wide range of conditions. 

II. Effect of Temperature on Mobility .—These experiments were 
carried out with the “ standard ss solutions, namely, at concen¬ 
trations (A). In experiments 18 and22 the slightly weaker solution 
(B) Was used. The initial material was ap-acid throughout, except 
in experiment 28 where py-acid was used. 
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Table III. 

Interconversion under Standard Conditions . 

Product. 
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Expt. 

Temp. 

Time (hrs.). 

% Yield. 

% Addition of iodine. 

% ajS-Acid. 

11 

61° 

2-0 

97 

— 

100* 

12 

99 

5-0 

97 

— 

100* 

13 

87 

5-5 

96 

16-3; 16-3 

90*4 

14 

99 

17*25 

90 

25*6; 25*2; 25*6 

78*7 ± 0*2 

15 

99 

21-0 

91 

26-5; 24-7; 23*2; 25*0 

79*6 ± 1*3 

16. 

„ 

47-0 

97 

44*2; 43*5; 43*6 

49*7 ± 0*5 

17 

100 

2-0 

— 

25*1; 23*5 

80*3 ± 1*0 

18 

99 

3-92 

86 

26*8; 26*0 

77*5 ± 0*5 

19 

99 

6-0 

— 

37*8; 37*5; 36*9 

60-5 ± 0*5 

20 

99 

6*0 

90 

34*6; 34*4; 34*9 

65*1 ± 0*2 

21 

99 

8*0 

94 

40-2; 38*8; 38*8; 37*6 

58*1 ;fc 1*2 

22 

99 

8-75 

91 

43*8; 44*2 

49*5 ± 0*5 

23 

99 

10*0 

94 

47*4; 45*9; 45*5 

45*2 ± 1*2 

24 

„ 

15*0 

89 

56*8; 56*3; 54-4 

27*4 ± 2-0 

25 

115 

3*08 

93 

38*9 

58*0 

26 

99 

4*5 

87 

49*5 

39*6 

27 

99 

5*5 

64 

57*3 

24*6 

28 

87 

47*0 

98 

65*3; 64*6; 64*7 

5*2 ± 1*1 


* From melting point and crystalline form. 


The results indicate that there is no interconversion at 61° and 
that at the higher temperatures the reaction follows fairly closely a 
reversible unimolecular course. The figures for the velocity 
coefficient calculated from the equation (p. 2580) are in Table IV. 

Table IV. 

Initial concentration, ap-K salt 0-114 g./c.c. (except in Expts. IS and 22); 
equilibrium concentration of $y-K salt (£) 0*1006 g./c.c.; x — change in 
concentration of ajS-K salt; t in hours. 



Time. 

% jSy-Acid. 

X, 

£ -x. 

{k x + 

o 

r- 

00 

5*5 

9*6 

0*0109 

0*0897 

0*021 


17*25 

21*3 

0*0243 

0*0763 

0*016 


21*0 

20*4 

0*0232 

0*0773 

0*012 


47*0 

50*3 

0*0574 

0*0433 

0*018 






Mean 0*017 ± 0*004 

100° 

2*0 

19*7 

0*0225 

0*0781 

0*126 


3*92 

22-5 

0*0256 

0*0750 

0*088 


6*0 

39*5 

0*0450 

0*0556 

0*099 


6-0 

34*9 

0*0398 

0*0608 

0*083 


8*0 

41*9 

0*0477 

0*0528 

0*080 


8*75 

50*5 

0*0576 

0*0430 

0*103 


10-0 

54*8 

0*0625 

0*0381 

0*097 


15*0 

72*6 

0*0847 

0*0159 

0*126 






Mean 0*100 ± 0-013 

115° 

3-08 

42*0 

0*0479 

0*0527 

0*209 


4*50 

60*4 

0*0689 

0*0318 

0*256 


5-50 

75*4 

0*0860 

0*0146 

0*350 


Mean 0-272 ± 0-051 
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The reaction velocity is approximately doubled for a 10° rise 
above 100°, and the low value at 87° is to be expected from the 
zero reaction at 61°. From the figures found for the reaction at 
100°, the degree of mobility of the series is 10-0 ± 1*3. An inspec¬ 
tion of the above figures and others previously obtained indicates 
that for rapid determinations of the degree of mobility of a series 
it is best to carry out three or four estimations of the amount of 
interconversion over periods ranging from J to f the time required 
for complete equilibration. On this basis the mobility in the 
present series would be 9*3 ± 0*S. 

III. Effect of Concentration on Mobility .—The velocity of the 
reaction diminishes with dilution and is particularly sensitive to 
decrease in alkali concentration. The mathematical relationship 
between these factors has not been obtained, but several points of 
interest arise from the results given below. 


Table V. 

Initial material, ajS-acid; temperature, 100°. 


Product. 



Cone, (see 

Time 


--- 

- s 

Expt. 

Table I). 

(hrs.). 

% Yield. 

% Addition of iodine. 

% a[ 3-Acid. 

29 

D 

21*0 

90 

21*8; 21*1; 22*0; 19*4 

84*4 ± M 

30 

D 

47*5 

94 

20*2; 18*4 

86*7 ± 1*2 

31 

C 

21*0 

54 

48*1; 48*7; 45*9; 45*6 
10*8; 11*8 

43*8 ± 2*3 

32 

E 

6*0 

94 

95*3 ± 0-4 

33 

E 

17*0 

97 

13*3; 11*9; 15*5 

93*1 ± M 

34 

E 

24*0 

89 

18*2; 15*6; 16*0 

89*8 ± 1*2 

35 

E 

41*5 

97 

20*9; 20-1; 20*9 

84*9 ± 0*5 

Experiments 

29 and 

30 show that the ap-acid is 

essentially 


unchanged by 5% alkali just below its boiling point even over long 
periods of time. In experiment 31, the concentration of potassium 
salt is very high (five times that under the standard conditions), 
and the catalyst concentration is about half its standard value. As 
a result the reaction velocity decreases considerably, there being 
only 56% change instead of complete equilibration in 21 hours. 
In the last four experiments (Series E) the concentration of the 
potassium salt is approximately standard, while that of the catalyst 
is much lower. The velocity coefficients compare as follows : 

Cone, of K salt. Cone, of KOH. Mean {k x + & 2 ). 


Standard (Series A) . 0*1X4 0*321 0*100 

Series E . 0*128 0*041 0*0048 


The effect of catalyst concentration is clearly marked. General 
theoretical considerations indicate that the catalytic agent is the 
hydroxyl ion and are supported by the fact that sodium hydroxide 
does not affect the equilibrium attained in potash solution. An 
obvious analogy exists between this effect and that of the hydrogen 
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ion in hydrolyses, when the velocity of reaction is proportional to 
the concentration of the catalyst. 

The Hydrolysis of Esters of Mobile Acids. 

The results obtained are of value in that they indicate the conditions 
under which the ester of a comparatively unstable, unsaturated acid 
can be hydrolysed with alkali without movement of the double bond. 
The alcohol liberated from the ester does not affect the equilibrium 
(Experiment 9) and the following results show that, if anything, 
it has a slight retarding influence on the velocity of interconversion. 

Concentrations, (A); solvent, 70% water -f 30% ethyl alcohol; 
temperature, 100°. 

Product. 

Time (hrs.). % Yield. % Addition of iodine. % a/3-Acid. 

6 96 37-8; 36*4 6M ± 1*2 

25 94 58-5; 59*3; 57*9; 58-5 21-8 + 0-9 

It may therefore be predicted that in this series hydrolysis of 
either ester with cold aqueous or alcoholic alkali of any strength 
will yield the corresponding acid in a state of purity. Hydrolysis 
with boiling solutions of 10% alkali for periods of 8 hours or so 
will yield substantially pure products. The latter conditions 
should prove more convenient than those used at present, which 
involve 50% alkali and often lead to considerable fission. 

The author wishes to thank Professor J. F. Thorpe, C.B.E., 
F.R.S., and Dr. G. A. R. Kon for their kind interest in this work, 
and the Royal Society for a grant which has largely defrayed its 
cost. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received, July 23rd, 1927.] 


CCCXLIIL —The Chemistry of the Three-carbon System • 
Part XV. Pulegone and i&oPulegone. 

By Wilfred Eynon Hug-h, George Armand Robert Kon, and 
Reginald Patrick Linstead. 

The experiments described in Part X of this series (J., 1926, 3101 v 
made it clear that pulegone (I) and isopulegone (II) were related in 
the same way as the ketones studied by Kon and Linstead (J., 1925, 
127, 815), and that they exhibited what was described as retarded 
mobility; thus they are quite distinct, but the formation from; 
pulegone of isopulegoneoxime in the presence of alkali (WaDach, 
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Annalen, 1909, 385, 240), and of methylisopulegone by tbe action 
of sodium and methyl iodide, on the one hand, and the conversion 
of isopulegone into pulegone by baryta (Tiemann and Schmidt, 
Ber., 1897, 30, 22), on the other, point to the establishment of an 
equilibrium. 

CMe 2 :C<Qg~Qg-^> CHMe CH 2 :CMe-CH<^~^>CEMe 

J (i.) 2 (n.) 

Owing to their accessibility, these ketones form a convenient 
material for the study of tautomerism, but whilst pulegone is well 
known and readily characterised, the data on isopulegone (especially 
on its physical properties) are scanty and, in part, conflicting. As 
a preliminary step, therefore, it appeared necessary to establish 
definitely the properties of pure asopulegone and to evolve a method 
of estimating it in mixtures with pulegone. 

Probably the simplest method of obtaining zsopulegone consists 
in the preparation of its oxime from pulegone (Wallach, loc. cit.) f 
but all our attempts to hydrolyse this oxime led to mixtures con¬ 
taining a high proportion of pulegone and some methylcycfohex- 
anone. 

The ketone is, however, readily obtained by the oxidation of 
iaopulegol (Tiemann and Schmidt, Ber., 1896, 29, 917), although 
special precautions are necessary to obtain a pure product (see 
Experimental). The ketone consists of a mixture of the active 
and the inactive compound, but in our experiments the latter was 
only obtained in very small quantities. The optical activity of the 
active ketone is higher than that previously found. 

The method of Harries and Boeder (Ber., 1899, 32, 3357) is 
untrustworthy and gives rise to mixtures from which a pure ketone 
is isolated only with great difficulty; this is dextrorotatory and 
identical with that obtained from fsopulegol, as might have been 
anticipated from the work of Wallach (loc. cit.). The lsevorotation 
of the crude ketone is due to the presence of other compounds. 
The lsevorotatory ketone prepared by Grignard (Cornet, rend., 
1926,182, 422) by this method cannot have been isopulegone owing 
to its totally different physical properties (d\f 0*9097, %> 1*46335); 
on one occasion we obtained a ketone of very similar properties 
which consisted mainly of menthone, evidently formed by the 
reduction of pulegone hydrobromide. 

Bo isopulegone could be found in the three samples of oil of 
pennyroyal examined. Fractions with properties agreeing with 
those recorded by Grignard have in every case been isolated, but 
these consisted mainly of menthone which had already been found 
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in the oil by Tetry (Bull Soc. chim ., 1902, 27, 186), a fact which 
had apparently escaped Grignard’s notice. This ketone occurs in 
a strongly dextrorotatory fraction of the oil, but is, curiously enough, 
inactive when isolated by means of its semicarbazone. The physical 
properties of Grignard’s natural isopulegone, although almost 
identical with those of the ketone he prepared by Harries and ftoeder’s 
method, differ considerably from those of pure isopulegone; and 
it appears certain that his material consisted, like ours, of a mixture 
of pulegone and menthone. It is unfortunate that this material 
was used by Kon and Nutland (Part X, loc. cit.) before its true 
nature was realised, although the poor yield of metkyKsopulegone 
obtained from “ natural isopulegone ” was noted at the time. The 
formation of the methylation product was evidently due to the 
pulegone still left in the mixture; the methylation has since been 
repeated with a genuine sample of tsopulegone and found to give 
the same laevorotatory product. 

The proportion of pulegone and wopulegone in mixtures of the 
two ketones can be roughly estimated from the physical properties 
of the mixture (see Experimental), but a more accurate method 
has been worked out, based on the different rates of reaction with 
iodine chloride and similar to that employed by Linstead and May 
(this vol., p. 2565), This method incidentally provided a ready means 
of differentiating between isopulegone and mixtures like “ natural 
taopulegone 53 containing saturated compounds, and supplied the 
final proof that wopulegone did not occur in the oils examined. 

The equilibrium between pulegone and iaopulegone was studied 
in the presence of a variety of reagents with reference both to the 
rate of equilibration and to the proportion of the constituents in the 
final product. The results show that the final equilibrium point 
is so close to pure pulegone that no difference between the latter 
and the equilibrium mixture can be detected even by the iodometric 
method employed. The system is evidently very mobile, because 
in the presence of small quantities of sodium ethoxide (1/50 mol.) 
the rate of equilibration is already too rapid for exact measurement. 
With baryta (1/50 mol.) the reaction is complete in 2 hours, but 
with sodium carbonate it requires several days; piperidine also 
produces a small change in 24 hours. Cold aqueous sulphuric acid 
produces little change, but hot acids have a marked effect; this 
could not be studied quantitatively owing to the ready fission of 
both pulegone and twpulegone under these conditions, but it is 
apparent from the fact that, if comparatively large quantities of 
fcsopulegonesemicarbazone are hydrolysed by digestion with oxalic 
acid in a current of steam, the resulting ketone contains up to 50% : 
of pulegone, whereas small quantities can be hydrolysed without 
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much conversion taking place. The most noteworthy points are 
the very rapid equilibration in the presence of sodium ethoxide, and 
the coincidence of the final equilibrium point with pure pulegone, 
within the limits of experimental error. Prom these results it is 
clear that Grignard’s figure for the equilibrium between the two 
ketones (i loc . cit.) is erroneous; and the great sensitiveness of 
isopulegone makes its occurrence in essential oils extremely 
improbable. 

Experimental. 

Preparation of i&oPulegone. —Commercial isopulegol (aff — 1*22°), 
obtained from Messrs. Boake, Roberts & Co., of Stratford, was 
oxidised exactly as described by Tiemann and Schmidt (loc. cit.), 
and the resulting oil treated with semicarbazide acetate; the 
semiearbazone was purified by thorough grinding with light 
petroleum, followed by repeated grinding with cold ether; the 
ethereal extract gave on evaporation a solid (E), whilst a large 
proportion remained undissolved (R). 

The solid (E) was freed from adhering oil by means of light 
petroleum, and a portion was recrystallised from methyl alcohol. 
The various crops obtained were somewhat indefinite and melted at 
157—158°. They were combined and hydrolysed by means of 
oxalic acid; the ketone had b. p. 94—96°/13 mm., d l p* 0*92540, 
1-47241, a D + 34*3° (c = 9*1408 in ethyl alcohol),* and evidently 
contained some pulegone. Another sample obtained in a similar 
way was treated with aluminium amalgam (Harries and Boeder, 
loc. cit.) before the final distillation; the greater portion had b. p. 
100—102 o /20 mm, d?J' 0*91759, nf° B 1*46519, [E l ]d 45*85, 
«d + 38*0° (c = 6*6708 in methyl alcohol). The optical activity 
of the ketone so obtained depends on the number of times the 
semiearbazone is extracted with ether, the first extract containing 
the most active material, which is, however, more liable to be 
impure. Subsequent extracts usually give a semiearbazone which, 
after several crystallisations from methyl alcohol, forms long, silky 
needles, m. p. 175—176°. 

The residue (R) on crystallisation from methyl alcohol separated 
in silky needles, m. p. 176—177°, although a small amount repre¬ 
senting the least soluble portion formed transparent prisms, m. p. 
180°, doubtless belonging to the inactive ketone (compare Wallach, 
he. cit.); mixtures of the two melted at about 178°. The ketone 
regenerated from the pure material, m. p. 176—177°, and treated 
with aluminium amalgam had b. p. 105—106°/23 mm., dft-' 
0-91731, nT' 1-46589, a D + 23*8° (c = 6*6676 in methyl alcohol), 
and gave an oxime, m. p. 134° after one crystallisation from methyl 

* All the rotations recorded in this paper were measured in a 2-dcra. tube. 
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alcohol. Another sample similarly obtained from the less soluble 
portions of (E) had df*' 5 ' 0*91994, n D 1*46689, a D + 26*6°. When a 
large quantity of semicarbazone (e.g., 100 g.) was hydrolysed all at 
once, the product contained as much as 60% of pulegone (d\^* 
0*93161, n D 1*47917); the aluminium-amalgam process of purification 
is not altogether satisfactory in this case because an appreciable 
quantity of pulegone is reduced to menthone; but the amount of 
menthone formed is negligible if the crude ^opulegone contains but 
small quantities of pulegone. For this reason it is necessary to 
hydrolyse ^opulegonesemicarbazone in small portions (about 20 g.). 
A separate experiment showed that isopulegone was unaffected 
by treatment with aluminium amalgam, the material having the 
same physical properties and iodine-absorption before and after 
treatment (see below). 

iso Pulegone from Pulegone Eydrobromide. —The preparation was 
carried out as described by Harries and Boeder (loc. cit .). The 
results were extremely variable, pulegone being usually almost 
the sole product obtained. This is removed in the process of 
reduction, but the product then contains menthone; thus, on one 
occasion a ketone regenerated from the crude semicarbazone had 
b. p. 84°/9 mm., O** 0*90846, n l ™° 1*45833, a D - 11*6°, in good 
agreement with Grignard’s figures (be. cit.); it was reconverted into 
a semicarbazone from which considerable quantities of menthone- 
semicarbazone were isolated. In most cases a semicarbazone is 
formed with great difficulty as already observed by Harries and 
Boeder (loc. cit.). Sometimes, however, almost pure isopulegone 
is formed; e.g. } on one occasion a considerable amount of an 
optically inactive fraction, b. p. 104—105°/18 mm., was obtained; 
the refractive index approximated to that of isopulegone, although 
the density was too high (this was always the case). The product 
was treated with aluminium amalgam and converted into the semi¬ 
carbazone. The ketone regenerated from it had b. p. 101— 
102°/17 mm., d?* 0*920855, <°* 1*46669, [BJ D 45*81, a D + 24*7° 
(c = 5*5532 in methyl alcohol), agreeing well with the properties of 
^sopulegone prepared from isopulegol (df** 0*92177, 1*46787), 

The latter are regarded as the physical constants of the pure 
ketone. 

When pulegone hydrobromide was allowed to stand for 4 days 
with a slight excess of piperidine in light petroleum solution, the 
resulting ketone proved to be pulegone. 

Estimation of Pulegone and iso Pulegone in Mixtures . 

The proportion of the two ketones in a mixture can be roughly 
estimated by means of the density or the refractive index, an 
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examination of several synthetic mixtures having shown that these 
two properties could be satisfactorily expressed by a straight-line 
relationship. For the accurate analysis of mixtures, however, the 
iodometric method of Linstead and May (loc. cit.) has been adopted. 

Preliminary experiments were made to ascertain suitable condi¬ 
tions. An M /300-solution of each ketone in chloroform was allowed 
to stand with the theoretical quantity of iodine solution with the 
following result: 

Time (mins.). 2. 10. 20. 27. 

% Reaction with pulegone. 5*2 9*9 15*4 — (complete in 45 hrs.) 

,, ,, isopulegone * 32*1 57*5 — 72*6 

* The sample of isopulegone used in the preliminary work was not quite 
pure. 

Fig. 1, 


Absorption of iodine by pulegone-isopulegone mixtures . 



100 80 60 40 20 0 


% Pulegone . 

A standard time of 10 minutes was therefore adopted. Mixtures 
of pure pulegone and tsopulegone, made by mixing M /300-solutions 
in chloroform, were then titrated, with the following results (mean 
of 3 concordant deter m inations in each ease): 

Mixture.(% pulegone). 0 20 35 50 65 80 100 

% Addition ... 64*7 58*5 55*1 48*9 40*1 30*9 16*6 

From the above data the reference curve (Fig. 1) was constructed. 

Examination of Oil of Pennyroyal . 

Spanish Oil. —Two samples of this oil gave practically identical 
results, of which one is recorded: Light green oil, dp' 6 * 0*9324, 
approx. + 22°. 1370 G-. distilled under reduced pressure 

(fractionating column) gave: 

<92°/Il—12 mm. 92—98711 mm. 98—105°/11 mm. Residue. Loss. 

194 g- 1110 g. 7 g. 30 g. 29 g. 
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The low fraction was refractionated and another large fraction, 
b. p. 90—91°/10 mm., was obtained, which was increased by a third 
fractionation. This fraction had n D > 1*48 and was therefore 
added to the main pulegone fraction, which thus amounted to 
1270 g., or 93% of the original oil; it had 0-93869, n D 1*48820; 
titrations with iodine gave 12-9% addition (mean of 3), showing 
that no appreciable amount of ^sopulegone was present. The low 
fractions gave on refractionation at 10 mm. : 48—52°, 13 g.; 
58—62°, 4 g.; 84—90°, 10 g. The terpene fractions were pro¬ 
gressively refractionated under atmospheric pressure, but were 
not definitely separated; a portion, b. p. 168—174°, had djf 7 * 
0*85569, n^’ r 1*46768, a D — 23° in alcohol; its odour suggested 
limonene. These were not further investigated. The fraction 
84—90°/10 mm. still contained pulegone and terpenes. 

750 C.c. of the pulegone fraction were treated with sodium 
hydrogen sulphite and alcohol until no further precipitation occurred, 
and the solid was filtered off and washed with alcohol and ether. 
The oil recovered from the mother-liquor and washings still con¬ 
tained pulegone and was therefore again treated with bisulphite. 
The portion which had failed to combine was isolated and distilled, 
but was found to contain pulegone?; it was finally reduced by means 
of aluminium amalgam in ether, and fractionated at 10 mm. : 



Fraction. 

Weight. 

<$'• 


(1) 

<83° 

3*8 g. 

— 

— 

(2) 

83—83 

7-9 g. 

0*89522 

1*45763 

(3) 

84—87 

5-7 g. 

0*90822 

1*46250 

(4) 

87—90 

6-5 g. 

0*91728 

1*46669 

(5) 

High 

2-1 g. 

— 

1*47014 


The two lowest fractions were combined and redistilled under 
ordinary pressure, a part boiling below 200°, and the rest about 
207°. The same semicarbazone was obtained from each in moderate 
yield and melted at 181—182° after washing with petroleum, 
extraction with ether, and crystallisation from methyl alcohol; 
this was identified as menthonesemicarbazone (Found : C, 62-5; 
H, 10*1. .Calc.: C, 62*6; H, 9-9%). The fraction (4), which 
corresponds with Grignard’s isopulegone fraction, had a D + 43*16° 
(c = 5*22 in alcohol), and on treatment with semicarbazide gave a 
sparingly soluble semicarbazone (fine needles from methyl alcohol, 
m. p. 184—185°) together with a portion which dissolved in ether, 
from which it was obtained on evaporation as a brown syrup. 
The ketone regenerated from this by means of oxalic acid was again 
treated with semicarbazide and gave a product consisting mainly 
of menthonesemicarbazone. The presence of ^opulegone in 
fraction (4) could not be demonstrated, although its behaviour 
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towards iodine suggested the presence of some unsaturated material, 
corresponding with an ?’sopulegone content of 25%. This un¬ 
saturated material, however, appeared to be non-ketonic and 
accumulated in the light-petroleum washings from the menthone- 
semicarbazone, from which it could be obtained on evaporation; 
it appeared to be a mixture of menthol and terpenes and was highly 
unsaturated (iodine number, Hiibl: 154*3). 

French Oil .—A sample of French oil was found to have properties 
closely agreeing with those of the Spanish oils: d[o r 0*93671, 
% D 1*48627. On distillation, some 1*5% of terpene fraction was 
isolated; 93% boiled at 98—103°/16 mm. and had d ] ™° 0*93525, 
1*48724; titrations with iodine gave a mean addition of 16%, 
showing that no appreciable quantity of isopulegone could be 
present. 

The whole of this fraction (839 g.) was treated with sodium 
hydrogen sulphite for a fortnight, and the oil which had failed to 
react was isolated and treated again until no further precipitation 
occurred. The resulting oil amounted to 59 g. and gave the following 
result on fractionation at 12 mm. : 


Fraction. 

Weight (g.). 

d\r\ 

n V' 

old (in methyl 
alcohol). 

(1) Below 79° 

11*3 

0*87113 

1*45323 

+ 13° 

(2) 79—84 

(3) 84r—88 

4*3 

14-9 

0*89360 

1*45893 

+ 33*0 

(4) 88—92 

9*2 

0*90617 

1*46201 

(5) 92—98 

4*8 

0*91166 

1*46728 

+ 29*7 

(6) 98—105 

4*5 

0*91771 

1*47309 

Besidue 

10*0 





Fraction (1) consisted of a mixture of terpenes, whilst fraction (2) 
contained some menthone; fraction (3) was almost pure menthone, 
which was also present in most of the other fractions. It was 
isolated in the form of its semicarbazone, which, after being washed 
with petroleum, crystallised from alcohol in fine needles, m. p. 
184—185°, unaltered on admixture with a sample prepared from 
Z-menthone. The regenerated ketone had b. p. 88°/12 mm., d\* ,[)a 
0*89774, n™' 0 ' 1*45233, \Rl\t> 46*35 (Calc., 46*20), but was inactive * 
Owing to the small amounts of material available it was impossible 
to decide as to the nature of the menthone originally present, 
especially as a solid oxime was not obtained; the rotations of the 
menthone fractions were diminished somewhat by treatment with 
sodium ethoxide (compare Read and Robertson, J., 1926, 2209). 
The petroleum washings from the menthonesemicarbazone were 
evaporated and gave an oil with a strong mint-like odour; on 
distillation a fraction, b. p. 92—96°/15 mm., was obtained which 

* The hydrolysis of the semicarbazone was carried ont with oxalic acid on 
two separate occasions; the product was inactive in each case. 
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was probably mainly menthol (Found : C, 76-9; H, 12*3. Calc.: 
C, 76*9; H, 12-8%), but still contained some unsaturated material; 
it had a D + 27*2°, df 0*89151, n D 1*45623. 

The small fraction (5), which would correspond with Grignard’s 
asopulegone, was specially investigated, but menthone was still 
the principal constituent, probably accompanied by some pulegone; 
no trace of isopulegone could be isolated. The slightly high iodine- 
absorption of the original pulegone fraction is evidently due to the 
presence of terpenes, which were found to react rapidly with iodine. 
The terpene fraction obtained in the first fractionation of the oil 
was feebly laevorotatory (a B —13*5°), whilst the terpenes isolated 
from the main fraction were dextrorotatory and had a lower refrac¬ 
tive index. The small amounts obtained did not allow of 
investigation. 

Fig. 2. 


Change of iso pulegone into pulegone in presence of barium hydroxide. 



Equilibrium between Pulegone and isoPulegone .—The following 
procedure was used throughout. The ketone (4 c.c.) was mixed 
with the catalyst, and the whole made up to 50 c.c. with ethyl 
alcohol. After standing for the requisite time, the mixture was 
diluted with water and thoroughly extracted with ether, the extract 
was washed, dried, and evaporated with the aid of a long column, 
and the residue was distilled under reduced pressure from a glycerol- 
bath, the first two drops of distillate being rejected; the remainder 
was collected (about 3*5 c.c.). The physical properties of the 
distillate were determined in all cases as an additional check. An 
M /300-solution of the distillate in pure chloroform was then made 
up and three titrations with iodine were carried out. The catalyst 
used and its concentration are specified at the head of the correspond¬ 
ing results in the table, and the results with barium hydroxide are 
illustrated in Fig. 2. : ' . ; 




2594 HUGH AND KON *. THE CHEMISTRY OF 

L Sodium ethoxide (10 c.c. of M /10-solution). 

Initial Time % 


material. 

(mins.). 

Temp. 

d. 

7lQ. 

Addition. 

isoPulegone * ... 

30 

19-0° 

0-93448 

1*48337 

16*9 


20 

19-6 

0-93440 

1*48483 

17*2 

Pulegone .. 

720 

19-4 

0-93599 

1*48551 

16-6 

2. Barium hydroxide, (10 c.c. of 

3% solution). 



teoPulegone . 

10 

21-4 

0-92540 

1*47408 

55*2 

, 

20 

21-8 

0*92828 

1*47751 

46-3 


40 

19-0 

0*93100 

1*48142 

30*9 


55 

18-0 

0*93251 

1*48337 

21*0 


120 

19-5 

0*93327 

1*48483 

17*5 


200 

19-6 

0*93407 

1*48531 

17*0 

Pulegone . 

1440 

22*6 

0-93508 

1*48521 

16*9 

3. Sodium carbonate (10 c.c. of 

M /10-solution). 


isoPulegone . 

120 

25-0 

0*91994 

1*47113 

58*4 

. 

900 

22-2 

0*92419 

1*47359 

50*4 

Pulegone . 

1440 

20*4 

0*93506 

1*48531 

16*9 

4. Piperidine (10 c.c. 

of M /10-solution). 



7‘soPulegone ..... 

1440 

20-4 

0-92358 

1*47408 

61*4 

Pulegone . 

1440 

21-6 

0*93266 

1*48483 

16*6 

5. Sulphuric acid (10 

c.c. of M /10-solution). 



isoPuIegone f •• 

480 

22-2 

0*92086 

1*46966 

64*7 

. 

1440 

22-0 

0*92092 

1*46408 

64*7 

Pulegone . 

1440 

220 

0*93508 

1*48521 

16*6 


* In this ease 25 c.c. of 12% sodium ethoxide solution were used, 
f In this case 10 e.c. of 12*5% sulphuric acid solution were used. 


The composition of the mixtures can be readily ascertained from 
the reference curve in Fig. 1. 


The authors’ thanks are due to the Government Grant Committee 
of the Royal Society for a grant which has defrayed the cost of this 
investigation. 

Imperial College op Science and Technology, 

London, S.W. 7. [Received, July 22nd, 1927.] 


CCCXLIV .—The Chemistry of the Three-carbon System. 
Part XVI. The Effect of some Bridged and 
Unsaturated Rings on Tautomerism. 

By Wilfred Eynon Hugh and George Armand Robert Kon. 

In several previous papers of this series (J., 1926,1792, 2727; 1923, 
123, 1361, 2440) it has been suggested that the tendency of the 
double bond to enter a cydbpentane or cyclohexane ring in a com- 
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pound such as (I) could be correlated with the internal strain in the 
ring. Particularly striking examples of this correlation were 

ch 2<ch 2 2 -cI 2 2 > c;ch,c °2 h —► CH 2<c§-<§>c-c H2 -co 2 H 

(I.) 2 (II.) 

found in ethyl c^cZopentylidenemalonate and the Cf/cZohexane com¬ 
pound, the former having the a(3-, and the latter the Py-unsaturated 
structure. 

In cycZohexane rings which occur in nature the strain is generally 
relieved either by a double bond (limonene, carvone, piperitone) or 
by a bridge (thujone, pinene). Such rings, if introduced in place 
of the simple cyclohexane ring in a compound such as (I), should 
exhibit less tendency to acquire a double bond and consequently the 
stability of the py-form (II) of the new compounds should be 
diminished as compared with the acids (I) and (II). The same 
should be true of compounds in which the cf/eZopentane or cyclo¬ 
hexane ring already contains a double bond, but the issue here is 
complicated by the tendency to form a conjugated system with two 
double bonds in the ring; the Py-form in these cases should be 
actually much more stable than in (I) and (II). 

In order to test these conclusions, we selected a number of pairs 
of unsaturated acids containing suitable bridged rings and derived 
from the corresponding ketones such as p-thujone, pinocamphone, 
sabinaketone, nopinone, and fenchocamphorone, whilst a variety of 
acids derived from cyclohexenones had already been prepared by 
Wallach and were easily available. 

P-Thujone was readily converted into the ap-unsaturated acid 
(III), but all attempts to prepare the pure py-isomeride (IV) * were 
fruitless, the bridge being attacked to a greater or less extent by 


CHMe 

CMe 

CMe 

H^^CH-COoH 

H9( / ^9-CH„-CO„H 
H 2 C\/CH 2 “ 

(W 

hc/%9-ch 2 -co 2 h 

H 2 C^>CH 2 

HCk/CH 2 “ 

CHPr£ 

<m.) 

(IV.) 

(V.) 

the dehydrating agents employed. The high-melting solid acid so 
produced evidently contains two double bonds and probably has 


the structure (V). The ap-acid, on treatment with alkali, was partly 
converted into the liquid py-isomeride; the equilibrium, estimated 
by Bougault’s method, was 75 :25 in favour of the py-form, as 
compared with 88 : 12 for the acids (I) and (II) (the method em- 

* No attempt has been made to decide between this formula and one with 
the double bond in the position 2:3; the same applies to the compotg$s 
(V) and (VII). ' , *' 
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ployed gives a minimum value for the ap-acid). The acid (III) can be 
converted into the corresponding ketone, which, unlike cycio - 
hexenylacetone, has the ap-structure (VI); it is, however, readily 
methylated, the new ketone having the py-structure (VII). The 


CHMe CMe 

H<y%^CH-COMe Htv'^CHMe-COMe 
H 2 c\/CH 2 H 2 C\/CH 2 


CPr^ 
(VI.) 


(VII.) 


CHMe 

Hq/Npo 

H 2 Cs\ yC.'CMe 2 
(VIII.) 


methylated ketone shows an exaltation of the molecular refraction 
(0*43 unit), which is, however, less than that of the parent ketone 
(1*08 units). This is doubtless due to the <£ conjugation ” of the 
double bond with the three-membered ring in the py-formula (VII); 
the low density of the ketone also supports this formula. p-Thujone 
readily condenses with acetone, but the product is quite different 
from the ketone (VI), being a solid of the formula (VIII), having 
evidently been formed in the same way as the condensation product 
of acetone and cycZopentanone (Wallach, Annalen, 1912, 394, 376). 

These reactions suffice to show that the ap-form is much more 
favoured in the compounds derived from thujone than in those 
derived from cyclohexanone. The reaction with acetone can be 
taken to indicate that the acidity of the ketone group in thujone is 
less than that of the ketone group in cyclohexanone, the relatively 
high acidity of which can in turn be correlated with a tendency to 
enolisation and thus to the production of a double bond in the ring. 

The effect of a bridge containing a carbon atom on the stability 
of compounds derived from pinocamphone could not be studied, 
because this ketone, like camphor, could not be condensed either 
with ethyl cyanoacetate or with ethyl bromoacetate, and we have 
not yet obtained a sufficient quantity of nopinone or fenchocam- 
phorone to serve as a starting point for farther work. In the 
meantime, it appeared of interest to examine the acid (IX) and the 
ketone (X) derived from 3-m e thylc^cZoh exenone in. which one 
double bond is already present in the ring. 

CH 2 <g| e ;g^>C-CH 2 -C0 2 H CH 2 <^ e .gJ>C-CH 2 -COMe 
2 (ix.) 2 (X.) 

The ester of this acid does not undergo the Michael reaction 
(Dr. E. H. Farmer, private communication), so evidently it does 
not possess an ap-phase. It is now found that the acid itself is 
unaffected by prolonged boiling with alkali and shows no tendency 
whatever to^pass into its ap-isomeride. All attempts to synthesise 
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the latter, and to prepare the ketone from the chloride of the acid, 
failed. 

This behaviour of the acid as a static Py-form, whilst confirming 
our view on the probable effect of a double bond in the ring on the 
stability, is in contrast with that of the cyano-esters prepared by 
Parmer and Ross (J., 1926, 1570). The reason for the difference 
appears to be that there are two activating groups in the latter, 
both favouring the a p-form and competing with the double bond in 
the. ring, a condition enabling tautomeric equilibrium to be estab¬ 
lished. In the acid now examined, the stability of one form (py) 
is so much greater than that of the other (ap) that mobility is com¬ 
pletely suppressed. Ethyl a-cyanoc^cZohexylideneacetate exists 
apparently only in the ap-form, whereas Farmer’s cyano-esters can 
be isolated in three forms, of which one is the Py; the existence of 
this is evidently due to the additional stabilising effect of the double 
bond already present in the ring on the Py-phase. 

Experimental. 

p -Thujolacetic Acid. —p-Thujone was isolated from oil of tansy 
(Semmler, Ber., 1892, 25, 3343) and had b. p. 81—82°/12 mm., 
dp' 0-91773, np' 1-45143, [a]g r + 75-64°. The semicarbazone 
crystallised from alcohol in needles, m. p. 174°. The ketone did not 
condense with ethyl bromoacetate in the presence of magnesium, 
but the reaction proceeded well with zinc, ethyl thujolacetate, b. p. 
136—142°/10 mm., being obtained in 54% yield; much of the ketone 
was recovered. The acid, m. p. 90—91°, was obtained from it on 
hydrolysis with sodium ethoxide (Wallach, Annalen , 1900, 314, 
166.). 

$-Tkujylideneacetic Acid (III).—The hydroxy-acid was boiled 
with acetic anhydride for 3 hours and the product was diluted with 
water and distilled in steam for a long time; the unsaturated acid , 
which separated from the distillate as a solid (yield, 64%), crystallised 
from light petroleum in needles, m. p. 103—104° (Found : C, 74-2; 
H, 9*2. C 12 H 18 0 2 requires C, 74*2; H, 9*3%). On oxidation with 
alkaline potassium permanganate in a current of steam the acid gave 
oxalic acid and p-thujone (which was identified by its semicarbazone, 
m. p. 174°), the structure (III) assigned to the acid thus being con¬ 
firmed. The acid chloride, prepared with the aid of thionyl chloride, 
had b*. p. 136—138°/14 mm.; the ethyl ester, prepared by pouring 
the chloride into ethyl alcohol, had b. p. 136—137°/10 mm., dp' 
0*95995, <*' 1*47800, [fiJ D 65-61 (calc., 64-40).* The anilide 
crystallised from petroleum (b. p. 60—80°) in prisms, m. p. 118*5° 

* This and subsequent values take into account the exaltation due to the 
three-membered ring. .-.-vl 
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(Found : C, 79*9; H, 8*5; 1ST, 5*4. C 18 H 23 ON requires C, 80*3; 
H, 8*6; N, 5*2%). 

Dehydration of Ethyl Thujolacetate. —The hydroxy-ester was heated 
with potassium hydrogen sulphate at 160° for 3 hours, and the 
resulting ester was isolated by means of steam and distilled. The 
fraction, b. p. 138—148°/14 mm., was hydrolysed with 30% aqueous 
potassium hydroxide and alcohol, and the acid formed was liberated 
and isolated by means of ether. This acid was a mixture of a solid 
(main product) and an oil. The solid acid (V) separated from 
benzene-petroleum in plates, m. p. 169° (Found : C, 74*2; H, 9*3. 
C 12 H 18 0 2 requires C, 74*2; H, 9*3%)- The oily acid could not 
be purified and decomposed on distillation, and solid derivatives 
could not be obtained from it. The same mixture of acids was also 
produced when the hydroxy-ester was dehydrated with phosphorus 
oxychloride or pentoxide. 

The acid, m. p. 169°, could not be characterised by the formation 
of derivatives because the acid chloride, although evidently formed, 
decomposed violently on attempted distillation. The sodium salt 
is characteristic, being sparingly soluble in water and forming fine, 
silvery plates. The silver salt was prepared from it (Found : Ag, 
35*9. C 12 H 17 0 2 Ag requires Ag, 35*9%). 

Equilibration Experiments. —p-Thujylideneacetic acid in 1*94 g. 
lots was heated with 18 c.c. of 25% aqueous potassium hydroxide 
in sealed tubes at 100° for 24,32,40 and 48 hours. The products were 
worked up under the standard conditions of Linstead and May 
(this vol., p. 2565) and the iodine values of the equilibrated acids 
and of the original ap-acid were then determined as described by 
them: 


Time (hrs.). 0 24 32 40 48 

% Absorption . 8*4 33*9 52*0 49*0 56*8 


The last three values, although not very concordant, suffice to 
show that equilibration was complete after 32 hours. As the iodine 
value of the pure py-acid was not known, it was necessary to estimate 
the proportion of the two acids present in the equilibrium mixture 
by isolating the ap-acid by Bougault’s method {Ann. Chim . Phys., 
1908,14,145); this gives the m inimum amount of ap-acid present. 
For this purpose, 10 g. of pure a(3-acid were heated with potassium 
hydroxide for 45 hours; the semi-liquid product was isolated as 
before and treated with iodine under Linstead and May’s standard 
conditions. The excess of iodine was removed with sodium 
thiosulphate after 10 minutes and the unchanged aP-acid contained 
in the aqueous layer was liberated, extracted with ether, and re¬ 
covered from the extract by evaporation, 2*50 g. being obtained* 
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This represents a minimum of 25% of a(3-acid in the equilibrium 
mixture. 

The acid (V) was similarly treated with both'25% and 50% 
potassium hydroxide solution, but in every case it was isolated com¬ 
pletely unchanged. The acid was treated with iodine before and 
after treatment with alkali, and the absorptions were identical 
within the limits of experimental error (96-1 and 96*3%). The high 
iodine value and the high melting point (169°) of the acid and its 
general similarity to dihydro-ra-tolylacetic acid (see below) point to 
a formula with two double bonds in the ring. The true py-acid (IV) 
appears to be a liquid. 

p -Thujylideneacetone (VI).—The chloride of p-thujylideneacetic 
acid, on treatment with zinc methyl iodide (Blaise and Maire, 
Ann. Chim . Phys ., 1908, 15, 556), gave a 30% yield of the .ketone. 
The sparingly soluble semicarbazone crystallised from methyl alcohol 
in plates, m. p. 191° (Found : C, 67-2; H, 9-2; 1ST, 17*1. C^H^ONg 
requires C, 67-5; H, 9*2; N, 16-9%). The Jcetone regenerated from 
it had b. p. 120°/10 mm., dp' 0*93111, np° 1*48464, [R L ] D 59*15 
(calc., 58*07), its physical properties agreeing with the a (3-structure 
(VI). The ketone was readily methylated with sodium and methyl 
iodide (Kon, J, 1926, 1792), a 30% yield of an oil, b. p. 122— 
124714 mm., being obtained. This was converted into the semi¬ 
carbazone, which crystallised from methyl alcohol in plates, m. p. 
194° (Found: C, 68*3; H, 9*6; N, 16*1. C 15 H 25 ON 3 requires 
C, 68*4; H, 9*6; N, 16*0%), and was less soluble than the semi¬ 
carbazone of the parent ketone; a mixture of the two melted at 
about 176°. The ketone (VII) regenerated from the semicarbazone 
had b. p. 122714 mm., dp' 0*91690, np' 1*47339, [E L ] D 63*12 
(calc., 62*69). 

Gondensation of $-Thuj one with Acetone. —Dry sodium methoxide, 
prepared from 12 g. of sodium byKLomppa’s method ( Annalen , 1909, 
368, 137), was cooled in ice, an ice-cold mixture of p-thujone and 
acetone (| g.-mol. of each) added, and the whole kept in the ice- 
chest for 4 days. Water and dilute sulphuric acid were then added 
and the mixture was distilled in steam for a short time. From the 
residue in the flask a considerable quantity of solid, accompanied by 
an oil, separated on cooling. The solid consisted of 2-iso propylidene- 
$-thujone (VIII) and crystallised from methyl alcohol in needles, 
m. p. 78*5° (Found : C, 81*2; H, 10*2; if, cryoscopic in benzene, 
194-6, 186*3. C^BL^O requires C, 81*3; H, 10*4%; if, 192). 
Further small quantities of the ketone could be isolated from the 
oily by-product in the form of its sparingly soluble semicarbazone,. 
which crystallised from methyl alcohol in leaflets, m. p. 208° (Found:. 
C, 67*3; H, 9*2; N, 17*0. C^ONg requires C, 67-5; 
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1ST, 16-9%). The ketone, on oxidation with ozone, gave acetone and 
a substance (giving a purple colour with ferric chloride), which was 
not further investigated. 

Pi7iocamphone. —This ketone was obtained from oil of hyssop by 
fractionation under reduced pressure; the fraction, b. p. 84—86°/ 
11 mm., had d$ 5 ' 0*95676, njf 147522, [R L ] D te-74, and gave a 
semicarbazone, m, p. 228°. All attempts to condense the ketone 
with ethyl bromoacetate, ethyl malonate, ethyl acetoacetate, and 
ethyl cyanoacetate were fruitless. 

Dihydro-m-tolylacetic Acid (IX).—This acid was prepared from 
3-methylcycZohexenone as described by Wallach (Annalen, 1902, 
323,138). The pure acid was treated with potassium hydroxide as 
described on p. 2598, but was recovered completely unchanged. 
Specimens of the acid before and after treatment with alkali were 
treated with iodine, but no difference in iodine absorption could be 
detected (95*6% in both cases). 

Attempts to prepare the corresponding ketone (X) by the Blaise- 
Maire reaction failed because the chloride of the acid, like that of the 
acid (Y), could not be distilled. The crude acid chloride did not give 
a satisfactory product. 

Attempts were also made to obtain the ketone by condensing 
3-methylcydfohexenone with acetone, but a pure substance could 
not be isolated from the complex mixture formed. 

The authors’ tha n ks are due to the Government Grant Committee 
of the Royal Society for a grant which has defrayed the cost of the 
investigation. 

Lmpebiai. College of Science and Technology, 

London, S.W. 7. [Received, July 22nd, 1927.] 


CCCXLV .—The Constitution of Colloidal Platinum. 

By Stuabt W. Pennycuick. 

The source of the charge on colloidal metal particles, as prepared 
by the Bredig sparking method, has been a debatable question for 
many years. The older ideas, that the electrical method was one 
purely of dispersion and that the charge was frictional, have been 
shown to be insufficient and incorrect. At present two opposing 
views stand out. Both agree that the charge is ionic, and also 
that the method of preparation consists essentially in a mechanical 
dispersion to a vapour of perhaps atomic dimensions, with a subse¬ 
quent condensation to form the colloid particles. They differ, 
however, as to the source of charge. One holds that the charge is 
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due to the combination of the condensed particles with certain 
foreign ions present in the medium. The other claims that the 
mechanical dispersion is always accompanied by the oxidation of 
the metal, and that in the subsequent condensation the fine particles 
of metallic oxide combine or react with the water to form a complex 
kation (in the case of copper or silver), or a complex anion (in the 
case of gold) (see Wo. Pauli, Trans. Faraday Soc ., 1921, 16, 14; 
Fuchs and Pauli, Koll.-Chem. Beih., 1925, 21, 195; Paine, ibid., 
1912, 4, 24; Rebiere, Compt. rend., 1912, 154, 1540; Beans and 
Eastlack, J. Amer. Chem. Soc., 1915, 37, 2667). 

The former explanation is the one more generally accepted, but 
it is shown in this paper that in the case of colloidal platinum, at 
least, although it may be difficult to fix the structure of the complex 
platinum anion, nevertheless the latter explanation appears to be 
the correct one. It will be shown that colloidal platinum solutions 
can be prepared of such strengths that their high conductivities 
cannot possibly be due to the impurities present, and further that 
all such solutions are definitely acid. 

The Preparation of the Platinum Sols. —It is well known that 
platinum sols can be prepared in the total absence of added stabilisers, 
and accordingly those used throughout this work were prepared by 
sparking pure platinum electrodes in conductivity water and in 
the absence of carbon dioxide. The conductivity-water still was 
after the design of Bourdillon (J., 1913, 103, 791), and the water 
used had a specific conductivity of 0*2—0*4 gemmho at 18°. The 
sparking apparatus was the same as that described by Pennycuick 
(Australian J. Exp. Biology , 1927, 4, 99). Briefly, it consisted of a 
short-necked 500 c.c. borosilicate flask, through the cork of which 
two platinum electrodes passed to a small ebonite frame above. 
One electrode was firmly fixed whilst the other had a small range of 
vertical freedom. This freedom was used to close the spark gap, 
and a spiral spring on the movable electrode threw the gap open 
to any prearranged extent. The cork also carried an inlet and an 
outlet tube, so that during the preparation carbon dioxide-free air 
could be slowly bubbled through the sol. These tubes also served 
for the introduction of the conductivity water and for the removal 
of the prepared sol. All the connexions through the cork were 
air-tight, and the method of preparation therefore precluded the 
accidental introduction of any impurities. 

It was essential to make certain that the only foreign matter 
present was that which was initially in the conductivity water, and 
this was kept strictly in mind. The air used was in every case 
freed from carbon dioxide. The conductivity water under air 
pressure was siphoned into the sparking vessel until a sample 
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from the latter showed a specific conductivity of less than 0*4 
gemmho. About 450 c.c. of platinum sol were prepared at each 
operation, and during the sparking the sample was kept very close 
to 0° by the use of a freezing mixture. A direct current of about 
5—6 amps, was used at 220 volts, and the time of sparking (excluding 
stoppages) was approximately 18—20 minutes per 450 c.c. of water. 

The Conductivity Cell .—The conductivity ceil was very similar in 
design to that used by Beans and Eastlack ( loc . cii.). It was of 
borosilicate glass and had a total capacity of 120 c.c. The cell 
constant was 0*0107. The cell mouth was fairly wide (38 mm. 
diameter) and ground, and was closed with an ebonite stopper 
surrounded with an air-tight rubber band. The 
stopper carried 5 tubes (see Fig. 1)—the two 
electrode tubes D and E, an inlet and an outlet 
tube for air-stirring, A and B, and a spare tube 
for the introduction of any solution. All tubes 
were firmly fixed, and when in use the cell was 
air-tight. (I am indebted to Mr. J. S. Walker, 
B.Sc., for this cell, which proved very satisfac¬ 
tory.) All conductivities were measured in an 
electrically controlled thermostat at 25°. 

The Specific Conductivity of the Platinum Sols .— 
Particular care was taken to keep the platinum 
sols pure. After preparation they were siphoned 
under air pressure, into thoroughly cleaned boro¬ 
silicate flasks, always in the absence of carbon 
dioxide. They were kept for several days in 
order to allow the layer particles to precipitate, 
and the overlying sol was then siphoned into 
stock flasks and kept at the required temperature 
until wanted, the necessary quantity then being 
siphoned into the conductivity cell. The many samples examined 
are believed to be quite free from contaminations, including 
atmospheric carbon dioxide. 

The first interesting point noticed was that the sols which had 
been prepared and stored at 0°, when put in the bath and allowed 
to come to 25°, showed a steady increase in conductivity over 
several days. Examples of such changes (at 25° and at 30°) are 
set out in Table I A. 

Table I A. 

Time interval (hrs.) 0 £ 2 4 8 16 24 36 oe 

k (gemmhos) (at 25°) 5*65 6*10 6*58 7*05 7*97 9*23 9*91 10*42 14*3 

k (gemmhos) (at 30°) 5*68 6*96 8*20 9*02 10*00 11*17 11*69 12*01 14*6 


Fig. l. 

r~r 

i i 
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An attempt was made to determine whether these changes 
followed any known velocity law, and, if possible, to obtain the 
temperature coefficient of the action; but although all solutions 
showed the same general changes, different samples of the same 
solution gave curves which did not correspond. (This is yet another 
example of the difficulty of reproducing exactly the same conditions 
in two samples of a colloidal solution.) All that could be concluded 
was that the change was always very rapid initially and then 
progressively slowed down. 

The figures in Table I A, and in fact all similar figures, indicated 
that the specific conductivities of the platinum sols were approaching 
some limiting equilibrium value. Accordingly the solutions were 
boiled for 3 minutes and the conductivities redetermined, and it 
was thus found that equilibria were practically reached at 14*3 and 
14*6 ge mmh os in the above .cases. It was observed that these 
values with the boiled solutions were not set up at once, but that the 
conductivities again changed with time. With these sols, however, 
the conductivities decreased, but the change was far less than 
before. Further investigation of the boiled and stable sols then 
revealed that, after any temperature changes, there was a lag in the 
equilibrium as indicated by conductivity measurements; a hot 
sample cooled to 25° always showed a steady fall in conductivity, 
whilst a cold sample warmed to 25° showed a corresponding rise, 
such changes being measurable over several days. These con¬ 
clusions have an important bearing on the later work in this paper. 

The abnormally large lag shown by the unboiled solutions which 
had been made and kept at 0° (see Table I A) seems to indicate 
that these solutions have never reached their equilibrium; and this 
is supported by the fact that the unboiled platinum sols kept and 
measured at 0°, did not reach a maximum conductivity value even 
after 2 months. 

Beans and Eastlack ( loc . cit.), starting with conductivity water of 
0*8 gemmho, prepared platinum sols of k = 3*5—4*3 gemmhos. 
Further, they showed that the specific conductivity due to the 
charged platinum particles, calculated from their number, their 
charge, and their mobility, was of the order 0*0001 gem m ho, and 
therefore negligible. They concluded that the “ mechanical 
dispersion of the metal was followed by the formation of a colloidal 
complex between the dispersed metal and certain ions present in 
the medium. 55 The present work goes considerably further, for, 
by starting with conductivity water of a maximum conductivity 
of 0*4 gemmho, and taking special precautions to exclude con- 3 
taminations, platinum sols were readily prepared with specific ; $ 
conductivities which rose to 14*6 gemmhos. Further, as there wa^ : .r 
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no reason to believe that this was a limiting value, stronger sols 
were prepared by prolonged sparking which gave specific conduc¬ 
tivities (after boiling) as high as 16*8 gemmhos. Higher values 
could probably have been obtained but prolonged sparking caused 
abnormal platinum wastage. Higher values were actually obtained 
by the prolonged boiling of a platinum sol, and also of course by 
evaporation; e.g an unboiled sample of k = 6*21 was boiled in a 
Pyrex flask in contact with carbon dioxide-free air; after 5 minutes’ 
boiling it rose to 12*76 and after 25 minutes to 21*46 (all readings 
being taken at 25°). Conductivity water, when treated in the same 
flask in the same way, showed a change of k from 0*4 to 0*89 gemmho. 
Similar platinum sols, when boiled in a large platinum dish for 2 
minutes and for 15 minutes, showed k — 15*35 and 41*2, respect¬ 
ively; evaporation probably accounted for the latter high value. 
The highest conductivity obtained for a platinum sol by boiling 
in a platinum dish was 66*1 ge mmh os. It was found that these 
high values very slowly decreased when the sol was kept at 25° for 
several days, but the fact that such values are actually obtained 
is very interesting. It is quite impossible, in view of the experimental 
precautions, to imagine that these conductivities can be due to the 
impurities present. The alternative, and the only reasonable 
explanation, seems to be that an electrolyte is formed during the 
sparking process. 

Now it is well known that colloidal platinum particles carry a 
negative charge; and as a working hypothesis, the author suggests, 
in conformity with the theory of Pauli (see Pauli and Perlak, loc. cit .), 
that during the disintegration process some of the platinum is 
oxidised, and that during the subsequent condensation some 
platinum particles and some oxidised platinum particles coalesce; 
the oxidised platinum, however, in contact with water acts as an 
electrolyte (probably H 4 Pt0 4 ), with the result that the growing 
platinum particles form a complex anion, or ionic micelle of structure 
[Pt z (Pt0 4 ) y ] n , which is in equilibrium with an equivalent amount 
of hydrogen ions. The high conductivities obtainable indicate that 
at least a small proportion of the hydrogen ions are “ free,” i.e., 
that some of the complex is wholly ionised; whilst the lag in the 
equilibrium which is always shown when the sol suffers a temper¬ 
ature change, indicates that some of the hydrogen ions are held at 
the surface or in a surface double layer, and that rearrangements 
are slow and probably complex. These slow rearrangements are 
probably related to the slow equilibria changes in colloid systems 
observed by Du Nouy ( te Surface Equilibria of Organic and Biological 
Colloids,” 1926, p. 155). 

It now remains to be shown that the complex anions and the 
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corresponding hydrogen ions are actually present. With regard 
to the former, all that can be said at present is that it has been 
abundantly proved that the platinum particles in the absence of 
foreign electrolytes are negatively charged, but the exact constitution 
of the micelle is so far unknown. With regard to the hydrogen 
ions, however, definite evidence will now be produced which clearly 
indicates the existence in the pure platinum sol of 4 4 free ” hydrogen 
ions and also of slowly removable hydrogen ions, the latter being 
probably on the micelle surface or in the double layer. 

The Titration of Platinum Sols .—Having obtained platinum sols 
of remarkably high specific conductivities, and believing that the 
charged platinum anions contributed only a negligible fraction 
thereof, it was considered that any real existence of hydrogen ions 
would be revealed by the titration of the sol with a base. For this 
purpose, the cell already described was utilised; 60 c.c. of the 
platinum sol were carefully introduced into the cell, and put into 
the bath at 25° until equilibrium was attained, or until the con¬ 
ductivity showed a negligibly small change over a period of 1 hour. 
A 3 c.c. burette, containing the titrating base and with a soda-lime 
tube on the upper end, was introduced into the opening C. A piece 
of rubber tubing on the lower end of the burette ensured an air¬ 
tight connexion; air was bubbled through a wash-bottle in the 
bath, containing a corresponding sample of the sol, and then through 
A into the cell for the purpose of efficient stirring and mixing. 
The exit tube B was connected to a water trap. Titrations were 
carried out initially with sodium or potassium hydroxide. These 
bases were prepared with conductivity water, diluted to exactly 
0-001A, and stored in waxed bottles. They were introduced into 
the pipette without coming in contact with the air. 

Now, if practically the whole of the conductivity of the platinum 
sol be due to the hydrogen ions, then from the known mobility 
of the hydrogen ion at 25° one may calculate at once its concentra¬ 
tion. Writing the equivalent conductivity as equal to the sum of 
the ionic conductivities, we have 

Ac = Ah+ + Apt complex -1 

and neglecting the last term, 

A* = A h + = 349-5, 

whence kv = 349*5, where k is the specific conductivity, and v is 
the volume in c.c. containing 1 g.-equiv. of hydrogen ions. We have 
then v = 349-5/*, and therefore 1000 jv, or the normality in the 
usual units, is given by #c/<0-3495 = * in gemmhos/349,500. (The 
ionic mobilities in this paper are calculated from those at 18° 
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by the use of the corresponding temperature coefficients; see 
H. S. Taylor, “ A Treatise on Physical Chemistry/ 5 1924, p. 540.) 

Every platinum sol titrated showed with all bases used a minimum 
in the titration curve, indicating very clearly the presence of an 
acid or of titratable hydrogen ions—acids and salts showed no such 
minima. Further, with sodium and potassium hydroxides, all the 
platinum sols of various strengths showed a very good agreement 
between the hydrogen-ion concentration as calculated above from 
direct conductivity and that obtained from the minimum on the 
titration curve. Several normal cases are set out in Table IB. 
The differences in the minima shown by the two hydroxides are 
negligible. 

Table IB. 

1. 2. 3. 4. 5. 6. 7. 

« (gemmlios) . G*57 7*00 12*76 15*03 15*35 21*46 41*2 

(A) Normality of H+ (cal¬ 
culated from k) X 10 6 ... 19 20 36 43 44 61 120 

(B) Normality of H+ (by 

titration) x 10 6 . 17 16 37 44 45 65 140 

The normality marked (A) is calculated from k (gemmhos)/349,500; 
that marked (B) is the normality of the solution with regard to 
total alkali hydroxide at the minimum on the titration curve. The 
figures in cols. 1 and 2 are for two unboiled samples. As such samples 
are not in equilibrium they were titrated fairly rapidly and the 
titration minima are approximate only. The figures in cols. 3, 4, 
and 5 are for samples which were brought to equilibrium by boiling 
for 2—5 minutes. Cols. 6 and 7 relate to samples boiled in Pyrex 
for 25 minutes, and in an open platinum dish for 15 minutes, 
respectively. They titrate fairly well. 

From the agreement between the figures in Table IB, three 
conclusions may be drawn : (a) Colloidal platinum sols are definitely 
acid; (6) practically the whole of their conductivities can be 
attributed to the hydrogen ions present (the complex anion having 
negligible mobility); and (c) platinum sols behave as strong acids, 
for only strong acids show the correct conductivity minima when 
titrated with alkali hydroxides (see Eastman, J, Amer . Chem. Soc., 
1925, 47, 332). A more detailed consideration, however, indicates 
that whilst the first of these conclusions is undoubtedly correct, 
the second and third cannot both be true. Table II shows the 
figures obtained on titrating platinum sols with each alkali, and 
also those obtained by titrating hydrochloric acid with potassium 
hydroxide. The latter figures allow a comparison to be made 
between the platinum sol and a strong acid, and they serve also to 
show that certain irregularities in the platinum sol titration curves 
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are not inherently due to the abnormally small concentrations 
with which we are here dealing (q. v.). 

Table II. 


Titration of platinum sols. Titration of 

_-_ 0-04446N-HC1. 

With KQH. With NaOH. With KOH. 


Normality X 10 7 . 

K. 

Normality X 10 7 . 

K . 

Normality xlO 7 . 

K. 

— 

15-14 

— 

15-03 

— 

18-65 

123 

12-05 

79 

12-55 

62 

16-90 

228 

9-62 

164 

10-38 

151 

14-44 

307 

8-10 

276 

7-73 

236 

12-12 

400 

7-14 

415 

6-04 

340 

9-34 

476 

7-18 

536 

6-46 

420 

7-54 

566 

7-80 

625 

7-24 

463 

7-35 

669 

8-67 

741 

8-84 

504 

7-88 

783 

10-17 

826 

10-14 

583 

9-43 

895 

12-05 

937 

12-03 

828 

14-92 

1004 

13*82 

1045 

13-80 

963 

17-86 


The normality refers to that of the solution in respect to total sodium or 
potassium ions present, and is the quotient Total base added/Total volume of 
solution. 


The corresponding curves are shown in Fig. 2. The KOH-Pt sol 
curve is omitted, because it is of exactly the same form as the 
NaOH-Pt sol curve; in fact, the differences between the two curves 
agree remarkably well with the calculated differences between the 
mobilities of the potassium and sodium ions. This is also the 
case with the corresponding hydrochloric acid-strong base curves. 
Accordingly only the two curves shown in Fig. 2 need be discussed. 

The initial specific conductivity of the platinum sol was 15-03 
gemmhos, which, on the assumption that the hydrogen ion is 
practically the sole contributor to the conductivity, represents a 
hydrogen-ion concentration of 43 x 10 -6 , The minimum on the 
curve appears to lie between 42 x 10 -6 and 44 X 10‘ 6 . At this 
minimum, the corresponding specific conductivity of the solution 
is 6 gemmhos; but if the platinum sol is behaving as a strong acid, 
then the minimum point on the curve will indicate that the whole 
of the hydrogen ions have been replaced by sodium ions, and the 
specific conductivity of 43 X 10~ 6 equivs. of sodium ion is only 
2-27 gemmhos. The broken-line curve, ABCD on the figure, is 
that calculated from the mobilities of hydrogen, sodium, and 
hydroxyl ions on the foregoing assumptions. Although the curves 
are similar in shape and situation, the divergence is pronounced. 
In order to see whether titrations at such low concentrations were 
trustworthy, hydrochloric acid of approximately the same normality 
(viz., 44-6 x 10~ 6 ) was titrated with various bases, and the HCl-HaOH 
curve also appears in Fig. 2. Other and weaker hydrochloric acid 
solutions were similarly titrated, and in every case the th«>retic«d 
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and experimental end-points showed remarkably good agreement. 
In the curve illustrated, the end point corresponds to a concentration 
45 X 10~ 6 , and the broken-line curve is the corresponding theoretical 
curve calculated from mobilities. The close approximation of 
the turning points in these two curves (Found : k — 7*18. Calc. : 
k = 6*81) shows that such titrations are quite trustworthy; and 


Fig. 2. 



the divergence of the two curves after the turning point is doubtless 
due to the mutual repression of ionisation of the sodium chloride 
and hydroxide present. 

Returning then to the platinum sol titration curve, the difference 
between the specific conductivities at the experimental minimum 
(6 gemmhos) and at the theoretical minimum (2*27 gemmhos) needs 
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explanation. It appears either that some of the conductivity of the 
sol is contributed by other than the hydrogen ions, or that the 
colloidal platinum does not function as a strong acid. If either of 
these suggestions be true, then the agreement between the con¬ 
centrations set out in Table IB would appear to be largely fortuitous 
This may actually be the case, for although a wide range of platinum 
sols was taken, the titrating bases were chemically similar. Accord¬ 
ingly, the titrations were repeated with calcium and barium 



40 SO 120 160 200 

Normality X 10 6 {total base added [total volume). 

hydroxides, both prepared with the usual precautions and diluted 
with conductivity water to OOOIA. The two curves differed only 
slightly, and the difference could be directly ascribed to the difference 
in the mobilities of the barium and the calcium ions. Accordingly, 
Table III and Fig. 3 contain the details for only one of these bases. 
As a titration curve for a weak acid is also necessary for comparison, 
Table III and Fig. 3 contain the details of the titration of acetic 
acid of comparable conductivity (O-OOOldlA) with sodium and 
calcium hydroxides. 
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Table III. 


Titration of Pt sol Titration of 0*000141N-acetic acid 

with Ba(OH) 2 . with NaOH. with Ba(OH) 2 . 


Normality 


Normality 


Normality 


X 10«. 

Km 

X 10°. 

K. 

X 10°. 

K * 

_ 

15*40 

_ 

16*56 

— 

16*48 

11-9 

12*71 

9*8 

15*44 

11*2 

15*88 

23*7 

10*28 

20*4 

14*31 

21*4 

15*32 

3S*I 

7*98 

33-0 

13*28 

32*9 

14*74 

55-7 

6*69 

47*3 

12*44 

46*8 

14*11 

68*0 

6*59 

58*1 

12^03 

75*3 

13*25 

79*4 

6*69 

65*6 

11*85 

89*4 

12*93 

90*9 

6*95 

77*1 

11*73 

115*6 

12*59 

IIS 

8*30 

87*7 

11*74 

128*6 

12*49 

130 

9*44 

99*3 

11*89 

141*5 

12*48 

143 

11*43 

111*8 

12*23 

153*4 

12*50 

155 

13*58 

127*2 

13*00 

176*3 

12*64 

167 

15*80 

145*4 

15*19 

198*3 

12*97 

189 

20*72 

157*2 

17*28 

229*0 

13*90 





242-9 

14*50 





257*7 

15*29 


Now strong acids, such as hydrochloric acid, when titrated at this 
high dilution with sodium and barium hydroxides, show the same 
correct turning points and strictly comparable curves. The differ¬ 
ences again are entirely due to the differences in the mobilities of 
the sodium and barium ions, and accordingly the HCl-Ba(OH) 2 
figures are not quoted. On the other hand, weak acids such as 
acetic, when titrated with these two alkalis, show quite different 
curves, and give no indication of the true end point. It is of interest, 
however, that at these high dilutions these curves show remarkably 
good agreement with the theoretical titration results deduced by 
Eastman (loc. cit .). With the platinum sols, whilst the curves of 
sodium and potassium hydroxides are comparable, and those of 
barium and calcium hydroxides are also comparable, Table III and 
Eig. 3 show that the sodium and barium hydroxide curves differ 
radically, the minima appearing at 44 x 10' 6 A 7 and 68 X 10~ 6 iV, 
respectively. It is therefore evident that platinum sols are not 
strictly comparable with strong acids. On the other hand, they 
seem to be far stronger acids than acetic; in fact, their behaviour 
indicates that they approximate more closely to strong than to weak 
acids. The author believes that they are really unique, and that 
they cannot strictly be compared either with strong or with weak 
acids. This belief is based, not only upon the above facts, but 
also upon certain peculiarities which were noticed in every platinum 
sol titration: all conductivity readings showed a steady drift if 
followed over some considerable time; the drift was very slow and 
if time were allowed for each to come to equilibrium, every titration 
would have spread itself over many days. (An attempt is now being 
made to follow the complete equilibrium titrations.) Some pre- 
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liminary investigations showed that these drifts were so slow that 
if the titrations were carried out fairly rapidly their eSects could be 
neglected. Accordingly all titrations were performed within a total 
time limit of 80 minutes. 

Discussion. 

The explanation of the various phenomena outlined above appears 
to be as follows. The pure platinum sol contains a certain amount 
of relatively free or ec diffused 55 hydrogen ions which contribute 
the greater part of the conductivity; further, each platinum anion 
has a surface layer (or double layer) of non-diffused hydrogen ions. 
Any temperature change causes a disturbance in the equilibrium 
between the diffused and the surface hydrogen ions, and all such 
rearrangements are not instantaneous but measurably slow. This 
explains the temperature lag invariably obtained with pure platinum 
sols (see p. 2602). Boiling not only disturbs the equilibrium, but as 
the conductivity never reverts to its previous value, it would appear 
that boiling breaks up the complex anion, or at least sets free from 
it further hydrogen ions, which were probably held in the interior. 

On the addition of a small quantity of a base, e.g. } sodium 
hydroxide, we have a particularly favourable and simple colloid 
system to deal with, for the solution contains only sodium, hydrogen, 
and colloid complex ions, and no foreign anions at all. The added 
base immediately neutralises some of the free hydrogen ions, and 
as this disturbs the hydrogen-ion equilibrium, some of the surface 
ions diffuse into the solution. In other words, the platinum sol 
behaves as a weak acid, but with the difference that, whereas weak 
acid ionic equilibria are instantaneous, these are measurably slow. 
There is, however, a second and even more important difference. 
It is well known that coagulated colloids always carry down with 
them ions of the opposite charge (see, e.g.> Whitney and Ober, J. 
Amer. Chem . Soc 1901, 23, 842; Gann, Koll.-Chem . Beih., 1916, 
8, 127; Freundlich, Z. physikal. Chem., 1910, 73, 385). 

It must be concluded, therefore, that in the case under discussion 
some of the sodium ions go to the surface, and that a definite sodium- 
ion equilibrium is reached. Platinum sols thus differ from weak 
acids in that their “ salts ” are not wholly ionised. The rate of 
this ionic rearrangement would probably differ for different kations, 
but in any case the results indicate that it is not instantaneous. 
If these equilibria were all infinitely slow, then the platinum sols 
would titrate as strong acids. The.curves show that these rearrange¬ 
ments are actually taking place during the time limit of the experi¬ 
ment. All the readings before (and for a short distance after) the 
neutral point were drifting towards a greater conductivity, due t© 
the greater mobility of the hydrogen ions leaving the surface com*?; 
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pared with the sodium ions joining the surface. Towards the latter 
part of the titration the drift was in the opposite direction owing 
to the latter effect predominating, the sodium-ion concentration 
in the solution being now abnormally high. 

The difference in the titration end points obtained with univalent 
and with bivalent bases is due, not only to the difference in the 
various equilibrium ratios (or equilibrium constants) for the different 
kations, but also to the different rates at which these equilibria are 
set up. The fact that the univalent bases give the same acid 
(titration) values as those obtained on the assumption that the 
hydrogen ion contributes practically the whole of the conductivity 
of the pure sol, may be due to a similarity in the univalent equilibrium 
ratios and equilibrium rates. On the other hand, it is not beyond 
question that the true acid concentration is really less than that 
obtained by these methods. An attempt has been made to settle 
this matter by a determination of the of the pure sol with the 
quinhydrone electrode. Steady values are obtained and these are 
always lower than those read off from the titration curves, but it 
has not yet been determined whether quinhydrone acts normally 
in the presence of colloidal platinum. Work in this direction is 
proceeding. Colorimetric tests are out of the question; and the 
hydrogen electrode itself gives varying and untrustworthy values 
in these unbuffered solutions. 

The slow equilibria between diffused or free ions and ions at the 
surface seem, to be of fundamental importance in the coagulation 
of colloids. For instance, it is well known that if the bare minimum 
of electrolyte necessary to produce coagulation is added to a colloidal 
solution, the coagulation is invariably slow and may extend over 
several hours and even days. This is evidently due to the slowness 
of the equilibria under discussion. Further, according to Gann 
(KolL-Chem. Beih 1916, 8, 65), Steiner (Z. jphysiJcal. Chem. } 1910, 
73, 507), and Galecki (Z. anorg . Qhem ., 1912, 74, 174), the rate of 
these slow coagulations is best expressed by an empirical auto- 
catalytic equation. No satisfactory explanation has so far been 
advanced for this, but the following qualitative suggestion may 
ultimately be of value. Before coagulation can occur a certain 
quantity of the coagulating ion has to move to the surface. This 
rearrangement being slow, a definite time interval will elapse over 
which practically no coagulation occurs. As the colloid particles 
vary in size, in shape, and in total charge, then, as the necessary 
equilibria are approached, the particles which are more favourably 
constituted will reach their coagulation condition first, followed 
more and more rapidly by the other colloid particles, the tota 
effect thus appearing to be autocatalytic. 
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Summary. 

Colloidal platinum prepared in water of specific conductivity 
0-4 gemmho, and rigorously kept free from contamination, can be 
made to yield a specific conductivity of 41*2 gemmhos at 25°. 

It is suggested that oxidation accompanies the sparking process 
and that a colloidal complex acid is formed. 

Pure platinum sols have been titrated with various bases, and the 
titration curves are discussed. Whilst the platinum sols titrate 
more like strong acids than weak acids, they cannot strictly be 
compared with either. 

There appears to be a slow equilibrium between the diffused 
hydrogen ions and the hydrogen ions held at the surface of the 
complex platinum anion. 

A similar equilibrium exists for any other added kation. 

The consequences of the slow velocities of these equilibria are 
discussed. 

The University of Adelaide, 

South Australia. [Received, August 29 th, 1927.] 


CCCXLVI .—The Configuration of the Ammonium Ion. 
Part II. Geometrically Isomeric Quaternary 
Ammonium Salts derived from 4-Phenyl- and 
4-Hydroxy-piperidine. 

By William Hobson Mills, John Davies Parkin, and 
William Joseph Victor Ward. 

With the view of obtaining experimental evidence with regard to 
the distribution of the valencies of the nitrogen atom * in the quater- 

* With regard to the stereochemistry of tervalent nitrogen I would take this 
opportunity to point out that the optical activity of the pyridylhydrazone of 
cycZohexylene dithiocarbonate, which Mills and Schindler (J., 1923, 123, 312) 
regarded as evidence of the non-planar distribution of the valencies of the 
doubly linked tervalent nitrogen atom, is capable of a different interpretation. 
At the time that the work was carried out we were of opinion that the dithio¬ 
carbonate was necessarily derived from the cis-form of the dithioglycol and 
our conclusions were based on this assumption. In view, however, of the 
remarkable investigations of Huckel and his co-workers [Annalen, 1925, 441, 
1; 1926, 451, 109, 132; 1927, 453, 163), from which it appears that trans- 
forms of the dicyelic compounds decalm, jS-hydrindanone, and decahydro- 
quinoline are not only capable of existence, but may even be more stable than 
the corresponding cis-forms, this view can no longer be upheld and I am now 
of opinion that the optically active hydrazone is probably to be regarded aa 
a derivative of the Zraras-dithioglycol, and if this is the case the pyridyl¬ 
hydrazone is moleeuiarly dissymmetric however the valencies of the doubly-* 
linked nitrogen atom are disposed.—W. H. M. 
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nary ammonium ion Mills and Warren ( J 1925, 127, 2507) prepared 
and exa min ed some of the salts of 4-phenyl-4 / -carbethoxybis- 
piperidinium-1: l'-spiran. They showed that these salts could be 
obtained in optically active forms and pointed out that the pyramidal 
configuration for the ammonium ion (which might perhaps be re¬ 
garded as a priori the more probable on the older view that the 
electric charge on the ion was stereochemically equivalent to the 
directly link ed acid radical in the non-ionised salt) was thereby 
excluded and gave reasons for concluding that the ion consequently 
had the tetrahedral configuration (as was more probable on the 
electronic theory of molecular structure). 

In the present co mmuni cation an account is given of another and 
independent method of investigating the same question. Since in 
the ammonium ion the nitrogen atom and the four attached radicals 
do not lie in the same plane, it was to be anticipated that geometrical 
isomerism should occur among the quaternary salts of the 4-sub- 
stituted piperidine bases. Such isomerism we have found does, in 
fact, exist and its investigation provides a means of obtaining a 
decision between the pyramidal and the tetrahedral configuration 
of the ammonium ion. For if the ammonium ion has the pyramidal 
configuration, then, as will be evident from Fig. 1,* every 4-sub- 

stituted quaternary piperidinium salt, RCH<CQg 2 .Qg 2 ^ > NR / R / 'X, 

should be capable of existence in two geometrically isomeric forms 
even although the two radicals R' and R" attached to the nitrogen 
atom might be identical. Each isomeride would be a racemic com¬ 
pound when these radicals were different, and a simple substance 
when they were identical, but in spite of this, if the isomerism could 
be detected in the one case it should also be demonstrable in the 
other. If, on the other hand, the ammonium ion has the tetrahedral 
configuration (Fig. 2) it is evident that geometrical isomerism could 
only occur when the radicals R' and R" were different and would 
disappear if they became identical. 

We have examined salts of five quaternary bases derived from 
4-substituted piperidines, three with different radicals R/ R" 
(type I), and two with identical radicals R'R' (type II) attached 
to the nitrogen atom. 

* The rings in this and the following diagrams are represented plane for 
simplicity. There is an evident difficulty in representing piperidinium salts 
according to the Bischoif theory of the pyramidal configuration of ammonium 
salts, for it involves the replacement in cycfohexane of a methylene group with 
a valency angle of 110° or more by an ammonium residue with a valency angle 
of less than 90°. 
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The difference between the two types proved to be clearly marked. 
The salts of type I, formed from a tertiary base, 

RCH<^2_CH2- >nr ^ 

and an alkyl halide, R"X, all showed themselves, when subjected to 
fractional crystallisation, to be mixtures of pairs of isomerides. On 
the other hand, the salts of type II, prepared in a corresponding 
manner, proved to be homogeneous. 



The salts investigated were prepared from 4-phenylpiperidine 
and from 4-hydroxypiperidine. From the former compound were 
obtained the iodides and perchlorates of phenylmethylethylpiperi- 
dinium (I) and phenylbenzylethylpiperidinium and also phenyl- 
diethylpiperidinium iodide and phenyldipropylpiperidinium iodide. 
From the latter compound the methobromides of 4-hydroxypiperi- 
dylacetic acid and of its ethyl ester (II) were prepared, as well as 



the corresponding betaine (III). Each of these salts in which two 
different radicals were attached to the nitrogen atom (salts of type I) 
was found to exist in two isomeric forms, as is shown in the following 
table : • ■ <' 
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Salts of type I. 

M. p. of M. p. of 

Salt. a-isomeride. /?-isomeride. 

4-Phenyl-1-methyl-1-etliylpiperidinium iodide... 180° 140° 

4-Phenyl-l -methyl-1 -ethylpiperidinium per¬ 
chlorate ... 135 159 

4-Phenyl-1-benzyl-1-ethylpiperidinium iodide ... 240 210—215 

4-Phenyl-1 -benzyl-1 -ethylpiperidinium per¬ 
chlorate ... 208 ' 189 

Ethyl 4-hydroxy- 1-piperidylacetate metho- 

bromide ... 221 206 

Ethyl 4-hydroxy-1-piperidylacetate picrate. 152—153 126 

4-Hydroxy-1-piperidylacetic acid methobromide 170—172 210 

4-Hydroxy- 1-piperidylacetic acid methylbetaine 271—272 266—267 


The salts of type II were found to consist of one form only. They 
had a sharp melting point and systematic fractional crystallisation 
gave no indication of the existence of a second modification. 


Salts of type II. 

M. p. 


4-Phenyl-1 : 1-diethylpiperidinium iodide . 177° 

4-Phenyl-1 : 1-dipropylpiperidinium iodide .. 190 


In view of the evident possibility of the existence of geometrical 
isomerism in these salts and the absence, as far as can be seen, of 
any other cause to which the isomerism could be due, it appears safe 
to conclude that the isomerism exhibited by the salts of type I 
actually is a geometrical isomerism of the type sought for dependent 
on the non-planar distribution of the valencies of the ammonium 
nitrogen atom. This clear-cut difference between the salts of the 
two types therefore demonstrates that the quaternary ammonium 
ion has not a pyramidal configuration. It shows that the two 
radicals R' and R" attached to the nitrogen atom are unequally 
distant from the group R attached to the 4-carbon atom. The 
quaternary ammonium ion therefore cannot have the pyramidal 
configuration, and the valencies of the nitrogen atom in this ion must 
accordingly be tetrahedrally disposed. 

The isomerism exhibited by the salts of type I thus corresponds 
closely with the cis4rans isomerism which occurs among the substi¬ 
tution derivatives of cyclohexane, the relationship between the two 
forms of, for example, phenylmethylethylpiperidinium being repre¬ 
sented by tridimensional formulae such as those in Pig. 2 (R = Ph 
R' = Me, R" = Et). 

Although it was easy to show by fractional crystallisation that 
the salts of type I, as produced by the combination of tertiary base 
and alkyl halide, were not homogeneous, the isolation of both 
stereoisomerides in a state of purity from the mixtures of the two of 
which the crude salts consisted was not easily effected. Fractional 
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crystallisation brought about more or less readily the separation 
and isolation of the excess of the less soluble (a-) isomeride, but 
special methods were required to extract the pure p-isomeride from 
the mixture left in the mother-liquors. 

The separation was most easily effected in the case of the phenyl- 
benzylethylpiperidinium iodides. By allowing solutions of the 
mixed isomerides of appropriate concentration to crystallise under 
“aseptic 55 conditions, usually the a-form only separated, the p -form 
remaining in supersaturated solution. On then decanting the super¬ 
saturated solution and scratching, the pratically pure p-isomeride 
crystallised. 

In the other cases the more soluble p-iodide could only be isolated 
through the replacement of the iodine by another acid radical which 
gave a less soluble salt with the p- than with the oc-base. This p-salt 
could then be isolated in a state of purity and converted into pure 
p-iodide. 

Thus in the case of a- and P-phenylmethylethylpiperidinium the 
solubilities of the perchlorates are in the inverse order of those of 
the iodides. The pure p-perchlorate could accordingly be isolated 
from the mixed perchlorates and gave on treatment with potassium 
iodide the pure p-iodide. 

Similarly with the 4-hydroxypiperidinium salts; by fractional 
crystallisation of the mixed ethyl hydroxypiperidylacetate metho- 
bromides only the less soluble a-salt could be isolated. The more 
soluble of the two ester methobromides corresponds, however, with 
the less soluble of the two methylbetaines and the pure p-methyl- 
betaine could therefore be obtained and from it the other salts of 
the p-series. 

The stereoisomeric salts have considerable stability; no tendency 
to intertransformation was observed at the ordinary temperature. 
For example, when a-phenylmethylethylpiperidinium perchlorate 
was converted into iodide and then reconverted into perchlorate, 
pure a-perehlorate of melting point 159° was obtained. Trans¬ 
formation from one series to the other could, however, be brought 
about by heating. The change could be most easily observed with 
the phenylbenzylethylpiperidinium iodides. The more soluble 
P-iodide melts at 210—215°. If kept slightly above 215°, the molten 
salt resolidifies and the resolidified material is the a-isomeride, for 
it shows the melting point of that modification (240°, decomp.) and 
on conversion into perchlorate yields the pure a-perchlorate. 

The relative quantities of the stereoisomeric salts produced in 
these additions of alkyl halides to 4-substituted tertiary piperidine 
bases were examined with the aid of melting point-composition 
curves in two of the cases investigated, namely, the addition of benzyl 



2618 


MILLS, PARKIN, AND WARD : 


chloride to phenylethylpiperidine and of ethyl bromoacetate to 
hydroxymethylpiperidine. In each case the quantities of the two 
isomerides formed were approximately in the ratio of 2 to 3. There 
is thus no great disproportion in the relative amounts of the two 
isomerides produced. 

The isomerism of the quaternary ammonium salts here described 
is closely allied to the isomerism observed by Scholtz among the 
quaternary salts derived from coniine ( Ber ., 1904, 37, 3627; 1905, 
38, 595). Scholtz found that when an alkyl halide R/X combined 

with a 1-alkyl derivative of ^-coniine, to 

form a quaternary salt the product was a mixture of two isomerides. 
Since the salts thus formed necessarily contained two asymmetric 
atoms, namely, the asymmetric carbon atom already present in the 
coniine and a newly formed asymmetric nitrogen atom, the isomerides 
were evidently the diastereoisomeric compounds (dOc£N), (dOZN) 
and such isomerism should occur whatever the configuration of the 
quaternary ammonium nitrogen. The observations of Mills and 
Warren (be. cit.) together with those described in the present com¬ 
munication show, however, that Scholtz’s isomeric salts were cis - 
trans isomerides of the type indicated in Pig. 3. 

Experimental. 

A. Derivatives of Phenylpiperidine. 

I-Alkyl Derivatives of ^.-Phenylpiperidine .—4-Phenylpiperidine 
is shaken at the ordinary temperature with the alkyl iodide (1 mol.) 
and 10% aqueous sodium hydroxide (1*1 mols.). When the inter¬ 
action is complete, the tertiary base (and unchanged phenylpiper- 
idine) are extracted with ether. To remove the phenylpiperidine, 
the mixture is shaken with benzoyl chloride and alkali for 5—10 
minutes at 50—60°. The tertiary base, and the benzoylphenyl- 
piperidine thus formed, are taken up in ether and the former is 
extracted with dilute sulphuric acid from the ethereal solution. 
It is then isolated in the usual way, being finally purified through the 
crystallisation of an appropriate salt. 

4k-Phenyl- 1 -metJiylpiperidine was prepared from methyl iodide 
and phenylpiperidine by the above described method, but as the 
reaction is vigorous ether was used as a diluent. The base can also 
be prepared, as has been found by one of us and Mr. P. N. Kerr, by 
heating phenylpiperidine hydrochloride with formalin. It was 
purified by crystallisation of its perchlorate from ether-alcohol, 
The perchlorate forms felted needles, m. p. 106—107°, readily soluble 
in alcohol but sparingly in water and melting under water at about 
25°. The pure base is a colourless liquid, m. p. 9°, b. p. 122—123°/ 
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11 mm. (Found: C, 82*2; H, 9*8; N, 8*0. C 12 H 17 N reqtiires 

C, 82*2; H, 9*8; N, 8*0%). The hydrochloride (platelets from ether- 
alcohol) melts at 196—198° (Found: Cl, 16*6. C I2 H 17 N,HC1 
requires d, 16*75%). The picrate melts at 244° (decomp.). 

4-Phenyl-1 -eihylpiperidine. The reaction between ethyl iodide, 
phenylpiperidine, and aqueous alkali proceeds slowly in the cold, 

8—10 hours’ shaking being required. The tertiary base was purified 
by crystallising the perchlorate (m. p. 112°) from alcohol. It is a 
liquid, m. p. 11°, b. p. 137°/11 mm. (Found : C, 82*3; H, 10*1; 
N, 7*7. C 13 H 19 N requires C, 82*5; H, 10*1; N, 7*4%). The hydro¬ 
chloride has m. p. 203—205° (Found : Cl, 15*6. C 13 H 19 N,HC1 
requires Cl, 15*7%). 

4-Phenyl-1 -n-propylpiperidine was prepared by shaking %-propyl 
iodide, phenylpiperidine, and aqueous alkali together for 20 hours at 
room temperature, the final purification being effected through the 
perchlorate (m. p. 160—162*5°), which was recrystallised from ether- 
alcohol. The base is liquid at the ordinary temperature (m. p. 13°, 
b. p. 150°/11 mm.) (Found : C, 82*1; H, 10*5; FT, 7*1. C 14 H 21 N 
requires C, 82*7; H, 10*4; N, 6*9%). The hydrochloride , m. p. 250° 
(decomp.), is not very soluble in cold water (Found: Cl, 14*7. 
C 14 H 21 N,HC1 requires Cl, 14*8%). 

a-4t-Phenyl- 1 -methyl- 1 -ethylpiperidinium Iodide. —The a-modifi - 
cation of this salt is most easily isolated from the mixture formed 
by the combination of ethyl iodide with 4-phenyl-l-methylpiperidine, 
the combination being brought about by boiling the base with the 
alkyl iodide for 2 hours. 

The product, after being dissolved in alcohol and precipitated with 
ether, melted at 152—154°. By fractional crystallisation from 
ether-alcohol of the mixture of the two iodides it could be resolved 
into a less soluble fraction, m. p. 170°, and a more soluble fraction, 
m. p. 148°. Since the iodides were only slowly separated by the 
fractionation, they were converted into perchlorates by dissolving 
them in water (10 g. in 500 c.c.) at 40—50° and adding an exactly 
equivalent quantity of silver perchlorate in aqueous solution, a little 
perchloric acid being also added to promote the coagulation of the 
silver iodide. 

The less soluble iodide fraction gave a perchlorate which, recrystal¬ 
lised from alcohol, yielded the pure oc-perchlorate in felted needles of 
constant melting point 135°. On conversion of this perchlorate into 
iodide by dissolving it in a concentrated aqueous solution of potas¬ 
sium iodide, extracting the salt with chloroform, and precipitating 
it from the dried chloroform solution with ether, the pure x-iodide 
was obtained as colourless plates, m. p. 180—181° (Found : Q, 50*7; 
H, 6*8; I, 38*0. C 14 H 22 NI requires C*.50*75; B, 6*7; T, 38f%). ' 
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It melts under water, in which it is not very soluble, dissolves readily 
in alcohol, and is exceedingly soluble in chloroform. 

Phenyl- 1 -methyl- 1 -ethylpiperidinium iodide. This modifi¬ 
cation is most easily isolated from the mixture of the two forms of the 
quaternary iodide which is produced by the addition of methyl 
iodide to phenylethylpiperidine. After completion of the combin¬ 
ation, which proceeded with evolution of heat, the resulting crystal¬ 
line cake was dissolved in a little alcohol and reprecipitated by the 
addition of 2—3 volumes of ether. The mixture of iodides thus 
obtained, m. p. 146—147*5°, was converted into perchlorate by 
treating it with silver perchlorate as described above. The salt 
which crystallised directly from the aqueous solution consisted almost 
entirely of the [3-form and readily gave the pure (3-perchlorate on 
crystallisation from alcohol. The [3-perchlorate crystallises in 
plates, m. p. 159°, and is sparingly soluble in cold alcohol and very 
sparingly in cold water. On conversion into iodide the pure 

iodide was obtained. This salt crystallises in plates which liquefy 
in contact with cold water. It is dimorphous, the two forms melting 
at 140° and 146°. It always crystallises from Solution in the form 
melting at 140°, but usually resolidifies in the form melting at 146° 
(Found : C, 50*75; H, 6*55; I, 38*3. C 14 H 22 OT requires C, 50*75; 
H, 6*7; 1,38*3%). 

The aqueous solution from which the (3-perchlorate had crystal¬ 
lised was evaporated almost to dryness at 30—40° under diminished 
pressure. By fractional crystallisation from alcohol of the salt 
thus obtained, a further small quantity of pure (3-perchlorate could 
be separated, but the bulk consisted of a mixture melting at 115° 
and crystallising unchanged from alcohol or water. This mixture, 
on conversion into iodide, gave a product, melting at 150°, from 
which, by crystallisation from ether-alcohol, an iodide of m. p. 170° 
was obtained and this on conversion into perchlorate gave the pure 
a-perchlorate identical in melting point and mixed melting point 
(135°) with the a-perchlorate obtained as described in the preceding 
section. 

- a- and $A-Phenyl- 1-benzyl- 1 -ethylpiperidinium iodides. Equi¬ 
valent quantities of 4-phenyl-1-ethylpiperidine and benzyl chloride 
were heated at 100° for 2—3 hours. The product was dissolved in 
water, small quantities of unchanged material were removed by 
extraction with ether, and the mixed quaternary perchlorates, which 
are almost insoluble in water, were precipitated by adding a. con¬ 
centrated solution of sodium perchlorate. 

From the mixture, m. p. 182°, the very sparingly soluble a-salt 
was obtained by extraction with alcohol. The mixed salt (20 g.) 
was boiled with alcohol (200 c.c.), and the solution filtered hot. 
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The mixture of maximum solubility, m. p. 172°, was deposited on 
cooling and the mother-liquor was used again to extract the un- 
dissolved salt; the process was repeated until the crystals deposited 
showed a melting point distinctly above 172°. The residue, which 
melted above 200°, was then nearly pure a-perchlorate and was 
recrystallised from a large volume of alcohol until it melted con¬ 
stantly at 208°, the melting point of the pure salt. 

The |3-perchlorate was obtained from the mixture of maximum 
solubility by a method based on its tendency to form supersaturated 
solutions. Alcohol was stirred with the mixture at 35—40° until 
practically saturated. The resulting solution was “ sterilised 55 by 
heating to the boiling point and after being seeded with a few 
crystals of the carefully purified a-form was allowed to remain over¬ 
night, the neck of the flask being plugged with cotton wool. The 
a-modification then usually crystallised alone in slender needles and 
the decanted solution deposited the (3 -modification on scratching. 
Recrystallised from alcohol, it melted at 189°. 

Mixtures of the two perchlorates have the following melting 
points : 

% 0-Form . 0 20 35 50 63 75 85 100 

M. p. 208° 195° 184° 172° 170° 176° 182° 189° 

To convert the perchlorates into iodides, the salt (2 g.) was boiled 
with absolute alcohol (200 c.c.) and finely powdered potassium iodide 
(10 g.), and the solution filtered after 1 hour. The iodide deposited 
on cooling the filtrate and adding an equal volume of ether was 
recrystallised from aqueous alcohol containing 30—40% of water. 
In this manner from the a- and (3-perchlorates the pure a- and 
|3-iodides were obtained. 

uA-Phenyl-l-benzyl-l-ethylpiperidinium iodide crystallises in 
iridescent plates, m. p. 240° (decomp.) (Found: C, 58*9; H, 6-6; 
I, 31*2. C 20 H 26 NI requires C, 58-9; H, 6*4; I, 31*2%), and 
$-4:-phenyl-l~benzyl-l-ethylpiperidinium iodide in needles, m. p. 
210—215° (Found : C, 58*8; H, 6*6; I, 31*2%). 

The molten (3-iodide resolidifies when kept above its melting point 
and melts again at 240°, the melting point of the a-iodide. It was 
shown that the resolidified material was in fact the a-iodide by 
dissolving it in water and precipitating the pure a-perchlorate with 
sodium perchlorate. 

4:-Phenyl-l: 1 -diethylpiperidinium iodide . Phenylethylpiperidine 
was boiled with an excess of ethyl iodide for 2 hours. The resulting 
crystalline cake was fractionally crystallised from alcohol and ether- 
alcohol, but no separation could be detected, all the fractions melting 
at 177°, with the exception of the last, which melted at 176°, evidently 
on account of the presence of a trace of accidental impurity (Found: 

' 4*2 
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C, 52-2; H, 7-0; I, 36-9. C 15 H 24 NI requires C, 52-2; H, 7*0; 
I, 36*9%) 

4o-Phenyl-l : 1-di-n-propylpiperidinnm iodide . Phenyl-^-propyl- 
piperidine was boiled under reflux for several hours with excess of 
%-propyl iodide. The resulting quaternary salt, fractionally crystal¬ 
lised from alcohol and alcohol—ether, showed no sign of resolution 
into isomeric modifications but melted constantly at 190° (Found : 
0, 54-7; H, 7-4; I, 34*2. C 17 H 28 OT requires C, 54*7; H, 7*5; 
I, 34*0%). 

We are indebted to Mr. D. Webb, of Emmanuel College, for 
assistance with the preparation and analysis of this and the fore¬ 
going compound. 

B. Derivatives of Hydroxymethylpiperidine. 

A-Hydroxy-l-methylpiperidine .—l-Methyl-4-pyridone (22*5 g.) 
(Lieben and Haitinger, Monatsh., 1885, 6, 300) was dissolved in 
boiling absolute alcohol (225 c.c.), and sliced sodium (75 g.) added 
as rapidly as possible. When the action had abated, absolute 
alcohol (750 c.c.) was added in portions of 50 c.c. After the sodium 
had dissolved, water was added and the mixture was distilled with 
steam until 1 litre of distillate had been collected. The product 
was then driven over with superheated steam. The aqueous dis¬ 
tillate (2 L), acidified with hydrochloric acid and evaporated, left a 
brownish residue which, crystallised from absolute alcohol, gave 
4-hydroxy- 1 -meihylpiperidine hydrochloride (20 g.) as colourless 
prisms, m. p. 157—158°; these were hygroscopic, very soluble in 
water, easily soluble in hot, and sparingly soluble in cold alcohol 
(Found : Cl, 23*5. C 6 H 13 0N,HC1 requires Cl, 23*4%). By decom¬ 
posing this hydrochloride with alkali the free base (Emmert, D.E.-P. 
*292871) was obtained as an oil, b. p. 105°/18 mm., which we found to 
crystallise on keeping (m. p. 28°). The hydrobromide formed colour¬ 
less needles, m. p. 139—140°, from alcohol (Found: Br, 40*9. 
0 6 H 13 0N,HBr requires Br, 40*8%). 

Ethyl a.-4-Hydroxy- 1 -piperidylacetate Methobromide. —4-Hydroxy- 
1-methylpiperidine (12*2 g.) and ethyl bromoacetate (23*7 g.) dis¬ 
solved in benzene (180 g.) reacted at room temperature with the 
formation of quaternary bromide, the mixture setting to a crystalline 
mass which was collected after 20—24 hours. The product was a 
mixture of the a- and (3-bromides, m. p. about 204°, and the yield was 
practically quantitative (Found : Br, 28*2. C 10 H 20 O 3 NBr requires 
Br, 28*3%). 

The cc-modification of the salt was obtained by boiling out the 
product from the above quantities with absolute alcohol (90 c.c.), 
filtering the hot solution, and boiling the residue successively with 
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50 c.e. and 40 c.c. of alcohol. The residue left (6*9 g., m. p. 220°), 
crystallised from rectified spirit, had m. p. 221° (decomp.), which 
could not be raised by further treatment. 

Ethyl a.A-hydroxy -1 -piperidylacetate methobromide forms colour¬ 
less prisms very soluble in water and sparingly soluble in alcohol 
(Found: C, 42*7; H, 7-1; Br, 28-3. C 10 H 20 O 3 NBr requires C, 
42*6; H, 7*1; Br, 28*3%). The picrate forms yellow needles, m. p. 
152—153°, moderately easily soluble in alcohol or water (Found: 
N, 13*1. C 16 H 22 O 10 N 4 requires N*, 13*0%). 

a-Methylbetaine of 4 -Hydroxypiperidylacetic Acid .—An aqueous 
suspension of freshly prepared silver oxide was gradually added to 
ethyl a-4-hydroxypiperidylacetate methobromide until the brown 
colour of the oxide persisted. The filtrate from the silver bromide was 
evaporated, finally over sulphuric acid in a vacuum, and the residue 
was dissolved in hot alcohol, a little brown insoluble matter being 
removed by filtration. On cooling, the betaine was deposited as 
pearly leaflets, m. p. 271—272°, moderately easily soluble in alcohol 
and easily soluble in water (Found : C, 55-2; H, 8*4. C S H 15 0 3 1T 
requires C, 55*4; H, 8*7%). 

a-4 -Hydroxypiperidylaceiic Acid Methobromide .—The above de¬ 
scribed betaine was converted into the corresponding methobromide 
by dissolving it in a slight excess of hydrobromie acid and evaporat¬ 
ing the solution on the water-bath under diminished pressure. The 
residue, crystallised from alcohol, gave the methobromide as colourless 
prisms, m. p. 170—172° (Found : Br, 31*2. C 8 H 16 0 3 NBr requires 
Br, 31*5%). 

If the betaine is dissolved in less hydrobromie acid, a basic salt is 
obtained containing two molecules of betaine to one molecule of 
hydrogen bromide. It crystallised from alcohol in clusters of fine, 
radiating needles, m. p. 215—218° (decomp.) (Found : Br, 18*9. 
C 16 H 31 0 6 N 2 Br requires Br, 18*7%). Similar compounds were 
obtained by Kruger from pyridine betaine ( J . pr. Chem 1891, 43, 
289). The substance probably has the constitution 


Brfc 6 H 9 (OH)N< 


Me Mb %] * 0#H oh ’ 

ch 2 -co 2 " ch 2 -co 2 h J 


the dotted line representing an electro-valency. 

$~Methylbetaine of 4z-Hydroxypiperidylacetic Acid .—The filtrate 
from the first extraction with alcohol of crude ethyl hydroxy- 
piperidylaeetate methobromide (p. 2622) was evaporated and the 
residue (11*5 g.) was converted into betaine with silver oxide. The 
resulting mixture of the two betaines was extracted with cold alcohol 
(15 c.c.), which removed most of the more soluble a-compound ; the 
residue, crystallised from rectified spirit, gave the pure fi-m&thgt- 
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betaine as small, beautifully formed prisms, m. p. 266—267° 
(decomp.), sparingly soluble in, alcohol, easily soluble in water. 
The crystals contain one molecule of water of crystallisation which 
is lost at 100° (Found : C, 50-2; H, 9*1; H 2 0, 9*4. C 8 H 15 0 3 N,H 2 0 
requires C, 50*2; H, 9;0; H 2 0, 9*4%. Found for the anhydrous 
compound: C, 55-6; H, 8*7. C 8 H 15 0 3 N requires C, 55*4; H, 
8*7%). The hydrated and the anhydrous substance showed the 
same melting point: a mixture with the a-betaine melted at 249— 
251°. 

p-4 -Hydroxypiperidylacetic acid methobromide was prepared by 
treating the corresponding betaine with hydrobromic acid in the 
manner described for the a-modification; it crystallised from alcohol 
in prisms, m. p. 210° (decomp.) (Found : Br, 31*5. C 8 H 16 0 3 NBr 
requires Br, 31*5%). A basic salt corresponding with that formed 
from the a-betaine could be isolated by using less hydrobromic acid. 
It formed colourless needles, m. p. 220—221° (decomp.), from alcohol 
(Found: C, 44-7; H, 7*2; Br, 18*9. C 16 H 31 0 6 N 2 Br requires C, 
44*9; H, 7*3; Br, 18-7%). 

Ethyl p-4- Hydroxypiperidylacetate Methochloride .—The p-betaine 
(1 g.) was covered with absolute alcohol (10 c.c.) and dry hydrogen 
chloride was passed in, with cooling, to saturation; the betaine 
then gradually dissolved. After standing a day, the mixture was 
evaporated in a vacuum over sulphuric acid and solid sodium 
hydroxide; the residue, recrystallised from alcohol, gave the pure 
ester methochloride (0*93 g.) as rosettes of leaflets, m. p. 206° (decomp.) 
(Found : Cl, 14*9. C 10 H 10 O 3 NCl requires Cl, 14-9%). 

The corresponding picrate was prepared from the chloride by 
double decomposition with sodium picrate; it formed golden- 
yellow needles, m. p. 126°, from water (Found: N, 13*0. 

requires 1ST, 13*0%). The pure p-picrate could not 
be obtained from the mixed picrates formed by the action of sodium 
picrate on the more soluble fractions of the original ester metho¬ 
bromide. Crystallisation from several different solvents gave only 
a mixture of unchanged m. p. 118—120-5°. 

Ethyl $A-Hydroxypiperidylacetate Methobromide. —The p-betaine 
(2 g.) and 9% alcoholic hydrogen bromide (30 c.c.) were allowed to 
stand over-night and then refluxed gently for 8 hours. The solid 
slowly dissolved on heating and, on cooling, the ester methobromide 
(2*2 g.; m. p. 205°) was deposited. After crystallisation from 
alcohol, in which it was moderately easily soluble, the pure compound 
of m. p. 206° was obtained (Found: C, 42-6; H, 7*2; Br, 28*1. 
C^^OgbTBr requires C, 42*6; H, 7-1; Br, 28*3%). 

A series of mixtures of the a- and p-ester methobromides was 
prepared and the following melting points were observed : 



THE CONFIGURATION OF THE AMMONIUM ION. PART II. 2625 


a-Salt. 

M. p. 

% a-Salt. 

M. p. 

0-0 

206° 

51*8 

205° 

13*1 

205 

69*7 

208 

26*1 

203*8 

81*0 

211 

33*4 

203*5 

89*0 

214*3 

41*9 

203*8 

100 

221 


A curve plotted from these data indicates that the two salts form 
a continuous series of solid solutions. The analytically pure 
mixture of the a- and (3-bromides formed by the addition of ethyl 
bromoacetate to hydroxymethylpiperidine melted at 204°. This 
indicates that it contained either 22% or 42% of the a-salt, but the 
amount of a-salt isolated decides for the latter figure. 

^-Bromoacetoxy-l-methylpiperidine (IV). It seemed not im¬ 
possible that it might prove practicable to determine the configur¬ 
ations of the a- and (3-series by relating compounds belonging to the 
one or the other to the lactone (V). 



0 -CO-CH 2 (V.) 


As neither the a- nor the (3-methobromide of hydroxypiperidyl- 
acetic acid showed any tendency to lactonise on heating, 4-bromo- 
acetoxy-l-methylpiperidine was prepared as a possible source of 
the lactone. A solution of 4-hydroxy-1-methylpiperidine (5*1 g.) in 
benzene (100 c.c.) was dropped with mechanical stirring during 
i hour into bromoacetyl bromide (9 g.) 3 and the mixture kept over¬ 
night. The benzene was decanted from the product, the hydro- 
bromide of the required base, which had been deposited as a gum on 
the sides of the flask; this gum crystallised from alcohol in clusters 
of minute, radiating needles, m. p. 172°, very soluble in water and 
sparingly soluble in alcohol [Found : C, 30-3; H, 4*9; Br (ionic), 
25-2. CgH^OgjNB^ requires C, 30*3; H, 4*8; Br (ionic), 25*2%]. 
We were unable to prepare the required lactone from the free base 
corresponding with this hydrobromide. Heated in benzene solu¬ 
tion, it gave an amorphous solid, containing 2% too little bromine 
for the lactone, which was probably an impure polymeride. Heated 
in alcohol, it gave a mixture of the a- and [3-methobromides of ethyl 
hydroxypiperidylacetate, indicating that alcoholysis of the bromo¬ 
acetyl group had occurred followed by recombination of the pro¬ 
ducts, hydroxymethylpiperidine and ethyl bromoacetate. That this 
lactone could not be prepared is not surprising, as its formation 
would involve the production of a tricyclic compound containing 
two 7-membered rings. 

The authors desire to express their thanks to the Department of 
Scientific and Industrial Research for grants which enabled two of 
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them (J. D. P. and W. J. V. W.) to take part in this investigation, and 
to the Government Grant Committee of the Royal Society for grants 
by which part of the cost was defrayed. 

University Chemical Laboratory, 

Cambridge. [ Received, August 25 th, 1927.] 


CCCXLVII .—The Electrolysis of Potassium Chloride 
Solutions by Alternating Currents . 

By Arthur John Allmand and Herbert Charles Cocks. 

This subject has been studied by Coppadoro ( Gazzetta , 1905, 35, 
ii, 604), using 42-cycle current and 3A r -potassium or sodium chloride. 
With polished platinum electrodes and at room temperature, no 
electrolysis was noticed until a G.D. of 0*5 amp./cm. 2 had been 
exceeded; above this threshold value, hydrogen was evolved and 
hypochlorite formed, oxygen also being detected after the electrolysis 
had been proceeding for some time. The electrodes were corroded, 
and to some extent went into solution as platinum compounds and 
as colloidal platinum; if the G.D. were not sufficiently high, they 
became platinised and electrolysis ceased. With graphite electrodes, 
no hypochlorite was formed below a G.D. of 10 amps./cm. 2 , under 
which conditions the electrodes were considerably attacked. The 
hypochlorite current efficiencies were low, e.g ., 2% during a 30- 
minute run at 1 amp./cm. 2 . After a time, a stationary hypochlorite 
concentration was reached, and further electrolysis produced 
chlorate. In a second paper {ibid., 1906, 36, ii, 321), Coppadoro 
reports experiments carried out at 50—70°, under which conditions 
chlorate, and not hypochlorite, is formed. 

The work now recorded is a systematic study of the different 
factors which can affect this electrolysis when carried out at room 
temperature. In particular, the effects of frequency, current 
density, and concentration have been investigated. It may be said 
at once that, in so far as the conditions under which we have worked 
coincide with those of Coppadoro, our results are in agreement with 
his. 

Experimental. 

Apparatus .—The cell used in the great majority of the experi¬ 
ments consisted of a beaker of about 200 c.c. capacity, provided with 
a wooden lid. This carried {a) the capillary exit-tube of a glass hood 
of bell-jar shape, which dipped below the surface of the electrolyte 
to within 1—2 cm. of the bottom of the beaker, (6) a thermometer, 
and (c) the glass tubes into which the electrodes were sealed. These 
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tubes were bent back twice through 90°, so as to project upwards 
below the edge of and into the hood. The electrodes, spaced ver¬ 
tically and parallel to one another about 2 cm. apart, were 1 cm. 
square, and were carefully polished and burnished before each 
experiment. The cell itself stood in a large vessel of water, in order 
to keep down the temperature during electrolysis. The capillary 
exit led to the three-way tap of a gas-burette, which could also be 
connected with a Hempel gas-pipette containing alkaline pyrogallol. 
About 90 c.c. of electrolyte were placed in the cell and, by mani¬ 
pulation of the burette, made to fill completely the hood, the 
capillary connecting tube, and one bore of the three-way tap. The 
gas-burette, the other tap-bore, and the second connecting tube were 
then filled with water, and the whole was attached to the pyrogallol 
pipette. After electrolysis for a definite period of time, the evolved 
gases were passed over to the burette (care being taken to transfer 
all bubbles adhering to the sides of the hood), measured, and the 
oxygen content was determined. No attempt was made to estimate 
or to allow for any gases dissolved either in the electrolyte or in the 
burette liquid. No chlorine was detected at any time, and con¬ 
sequently, after subtracting the oxygen present, the residue was 
regarded as hydrogen. Immediately after the transfer of the gases, 
the cell liquid was made up to a definite volume, and analysed by the 
usual methods for hypochlorite and for total available oxygen. The 
presence of platinum in the solution caused the iodine-starch end¬ 
point to be rather less definite than usual, but did not appreciably 
affect the accuracy of the analysis. 

The current used was hand-regulated by a variable resistance, 
and measured by a calibrated hot-wire ammeter. It was produced 
by one of two machines (a 6.E.C. 16-pole alternator, capable of being 
run between the limits of 5 and 240 cycles, and a 24-pole alternator 
of inductor type, made by the Crocker-Wheeler Company, and giving 
350—500 cycles) which have been described elsewhere (Trans. 
Faraday Soc 1925, 21,1). 

Preliminary Experiments .—When graphite electrodes, 3 N- 
potassium chloride, and a C.D. of 1 amp./cm. 2 were used, electrolysis 
was inappreciable with 18 cycles, and only very slight at a frequency 
of 6 cycles. (With this very low frequency, we made no attempt to 
use higher G.D. 3 s. This could only have been done by reducing the 
size of the electrodes, the output of our machine under these con¬ 
ditions being small.) With polished platinum electrodes and a 
frequency n — 6, there was considerable electrolysis even at 0*3 
amp./cm. 2 . If the electrodes were platinised, the results were as 
with graphite. These experiments also showed the importance of 
determining the hypochlorite immediately after conclusion ctf the 
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electrolysis. In presence of tlie 3A-potassium chloride, decomposi¬ 
tion was fairly rapid, even in the absence of platinum and platinum 
compounds. 

Effect of Frequency and Current Density .—The experiments 
described in this section were all carried out with 3jV-potassium 
chloride. The frequencies employed were n = 5—6, 21—22, 41, 
50, 64, and 120 cycles per second. Depending on n (and therefore 
on the available output of the machine), the currents used varied 
between the limits of 0-1 and 2*5 amps. Low C.D. J s and high fre¬ 
quencies favoured platinisation of the electrodes. With n = 6, 
this was hardly perceptible, even with the lowest O.D.’s employed 
(0*1—0*3 amp./cm. 2 ); with n = 22, platinisation was appreciable 
with low C.D.’s, but very slight with 2—2-5 amps./cm. 2 ; with the 
higher frequencies, it was always very noticeable. In addition, a 
yellow deposit (probably potassium chloroplatinate) was sometimes 
found on the electrode; it was produced neither at the lowest nor 
at the highest C.D.’s, but usually at about 0*3—1 amp./cm. 2 . It 
was less noticeable with high frequencies. Finally, with all except 
the lowest <7.D.’s, the electrolyte became yellow or brownish-yellow 
and finally cloudy, and the more so as the electrolysis proceeded. 
On the assumption that the lessened tendency to formation of 
deposits of any kind on the electrodes at high OLD.’s is due to their 
being scoured by the rush of evolved gas, the facts mentioned are 
qualitatively consistent with the conception that ionisation of the 
normally passive platinum, like the other electrolytic processes (as 
will be seen), takes place the more readily during the anodic pulse 
the lower the frequency and the higher the CD. ; and that the 
reverse change takes place to a greater extent during the cathodic 
pulse the higher the frequency. 

Only in one case {n — 41, i — 2 amps.) was any chlorate pro¬ 
duction noticed, and here there was definite local heating. 

Table I contains a typical set of results. The current efficiencies 
are calculated, as throughout the paper, on a basis of actual coulombs 
passed, i.e., assuming the current to have a sine wave form, the 
average current used for the calculation is 0*9 of the value in column 

2, Or ^average “ 2 'S/QjtZ . ^effective ==: ^effective* 

Fig. 1 shows the effect of (7.D. on current efficiency for n = 5—6, 
21—22, and 64. A remarkable feature in the curves for the lower 
frequencies is the abrupt changes in direction that occur at 0*3—0*4 
and at about 1 amp., respectively. Fig. 2 exhibits the effect of 
frequency for currents of 1,1-5, and 2 amps. 

As Fig. 1 shows the current efficiency (for the lower frequencies) 
to be increasing very rapidly with the CD. , a few experiments were 
carried out with very high C.D.’s and platinum wire electrodes. In 
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.Table I. 


Polished platinum electrodes, I cm. 2 . Electrolyte, 3iV-KCl. 
Frequency, 5—6 cycles. Temperature, 10—20°. 


Time 

(mins.)! 

Current 

(r.m.s.) 

(amps.). 


Current efficiencies, %. 


Hydrogen. 

Hypochlorite. 

Oxygen. 

Total anodic. 

120 

0*1 

1*1 

3-3 

0*22 

3*5 

60 

0*2 

10*7 

7-8 

0-56 

8*3 

40 

0-3 

20-3 

13-3 

2*3 

15*6 

30 

0-4 

21-6 

16-7 

2-1 

18*8 

24 

0-5 

22*9 

17*8 

2*1 

19*9 

20 

0-6 

24*2 

18-7 

2-1 

20*8 

17 

0*7 

27-1 

22*3 

2-7 

25*0 

15 

0-8 

31*8 

24-2 

3-2 

27*4 

10 

0-9 

34*4 

27*8 

2-9 

30*7 

10 

1*0 

40*6 

31*3 

3*6 

34*9 

6 

M 

44-9 

36*4 

3*9 

40*3 


Fig. 1. 



X Hydrogen . • Total anodic . ® Hypochlorite . 

this case, the gases were not collected, and the cell used, of 35 c.c. 
capacity, was cooled externally by running water. Each electrode 
consisted of 8 mm. of platinum wire of 0-38 mm. diameter, and had 
therefore a total area of 0-09—0'1 cm. 2 . They were spaced about 
1*3 cm. apart. The results (Table II) show that the curves for these 
frequencies in Fig. 1 must soon bend over with increasing current 
and, from being convex, become concave. 

C.DJ s exceeding 15 amps./cm. 2 at 22 cycles caused the formation 
of sparks and arcs ground the electrodes* which Remained qmfc u 
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Table II. 

Platinum wire electrodes, 0*1 cm. 2 . Electrolyte, 3JV-KC1. 


Frequency. 

Time (mins.). 

Current (r.m.s.) 
(amp.). 

Hypochlorite current 
efficiency, %. 

5 

15 

0-4 

65*6 

6 

30 

0-3 

64*4 

22 

5 

1*0 

61*1 


in every case. At 5—6 cycles, the electrolyte also remained clear 
at these high O.D.’s, hut became pale yellow in colour, whilst, with 
22 cycles, it became dark brown or black. In all cases, good thio¬ 
sulphate end-points were obtained (sharp change from blue to 
colourless). 

Fig. 2. 



Whatever the CJD., the total anodic current efficiency (hypo¬ 
chlorite plus oxygen) was less than the cathodic current efficiency 
(as in Table I, for n — 6). A determination of the quantity of 
platinum dissolved after one of the experiments indicated that about 
one-third of the usual deficiency could be accounted for in this way, 
assuming that the metal had dissolved in the quadrivalent state. 
In addition, the electrodes, carefully washed after electrolysis and 
then immersed in a colourless solution of acidified potassium iodide 
and starch, soon caused a slight colour to develop, showing that they 
contained traces of some oxidation product of platinum, the amount, 
however, being negligible in comparison with the “ missing ” 
oxygen. Formation of perchlorate was not tested for, but is very 
pnlikely. As the products formed at the two electrodes were 
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collected together, the cause could not he a slight rectification. 
With platinum electrodes of unequal size in sulphuric acid, this does 
take place to a certain extent (Mengarini, Electrician , 1891,27, 334; 
Gundry, Phil. Mag., 1906, 11, 329; Vaillant, Compt. rend., 1919, 
168,687), and it was also observed by Ayrton and Perry (. Electrician , 
1888, 21, 299) when using an ordinary Hoffmann voltameter. In 
our work, it seemed negligible, judging from the results of experi¬ 
ments carried out with a variety of C.D .’s and frequencies, a hot-wire 
ammeter and a moving-coil ammeter being in series in the circuit. 


Fig. 3. 



In some cases, indeed, we certainly noticed more gas coming off at 
one of the two apparently quite similar electrodes, but this does not 
necessarily indicate rectification. 

Expressed in terms of oxygen gas, the maximum deficiency was 
of the order of 1 c.c. One possibility is that the missing gas had 
dissolved in the electrolyte or in the water in the measuring burette. 
Perhaps it was formed by spontaneous decomposition of the hypo¬ 
chlorite, and remained in a state of supersaturation, as is the case in 
the photodecomposition of chlorine water or of hypochlorous acid 
solutions (J., 1925, 127, 822). It may be remarked that the 
alternating-current electrolysis of sulphuric acid between ; 
electrodes has, on several occasions, been noticed to give a < 
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of oxygen (Manoeuvrier and Chappuis, Compt. rend., 1888, 106, 
1719; Marsh, Proc. Roy. Soc. } 1920, 97, 124). 

Effect of Concentration .—A series of experiments was carried out 
on A T -potassium, chloride solutions, with frequencies varying 
between 6 and 180, and currents up to 2 amps. The electrodes 
became platinised in every case, but there was no formation of 
yellow deposit. The electrolyte became increasingly turbid (yellow 
or brown) as the electrolysis proceeded. Fig. 3 contains graphs of 
the data for n = 21, whilst in Table III are the results for n = 5—-6 
and n = 21—22, compared with the corresponding figures given by 
3iV-potassium chloride. 

Table III. 

Cathodic current Hypochlorite current 



Current 

(r.m.s.) 

efficiency, 

0/ 

/0> 

efficiency, %, 






Frequency. 

(amps.). 

ZN-KCl. JV-KC1. 

32V-KC1. 

N- KC1. 

6 

01 

1*1 

0-33 

3*3 

0*22 

6 

0*2 

10*7 

0-78 

7*8 

2*3 

6 

0-3 

20-3 

6*1 

13*3 

6*4 

21 

0*5 

2*1 

0-56 

1*2 

1*0 

21 

10 

6-0 

6*0 

4*2 

5*6 

21 

1-5 

10-3 

16*2 

7*8 

14*1 

21 

20 

20-8 

29*8 

15*2 

23*0 


It will be noted that the curves for A-potassium chloride do not 
show the breaks which are such a marked feature in those for the 
3A 7 -solution. Like the latter, their slope must clearly become less 
at higher C.D.’s. Corresponding to their continuous nature, the 
current efficiencies are seen to be lower at lower, and higher at 
higher, current densities than is the case with 3A 7 -potassium chloride. 
The effect of frequency is similar to that shown in Fig. 2. 

A few experiments only were done with O-lA-potassium chloride 
solutions, owing to the low conductivity and consequent tendency 
to temperature rise, with formation of chlorate. The results were 
of no particular interest. 

Effect of Addition of Alkali .—These experiments, carried out with 
solutions of composition 3JV-KC1 + OTJV'-jSTaOH, were suggested by 
the well-known fact that hypochlorites are more stable in alkaline 
than in neutral or acid solution. The results, compared with those 
given by a neutral solution, are shown in Table IV. 

It will be seen that, whilst the yield of hypochlorite is lowered, 
that of both hydrogen and oxygen is increased by the addition of 
alkali, whilst the deficiency in the total anodic yield still persists. 
This last result appears to dispose of the suggested possibility of the 
deficiency being due to supersaturated oxygen resulting from 
chemical decomposition of the hypochlorite, for this was found to 
be very low in the alkaline solution. 
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Table IV. 


Polished platinum electrodes, 1 cm. 2 . Frequency, 6. 
Temperature, 10—20°. 


Current 

(r.m.s.) 

(amp.). 

0*5 

0*8 


Current efficiencies, %. 


Neutral solutions. 


Hydro- Hypo- Oxy- Total 

gen. chlorite, gen. anodic. 

22-9 17-8 2*1 19*9 

31*8 24*2 3*2 27*4 


Alkaline solutions. 


Hydro- Hypo- Oxy- Total 

gen. chlorite, gen. anodic. 

27*1 17*0 8*0 25*0 

34*4 22*0 8*3 30*3 


Effect of Addition of Potassium Chromate ,—It is well known that, 
in direct-current electrolysis of alkali-metal chlorides, the hypo¬ 
chlorite yield can be markedly increased by the addition of a 
chromate, its effect being to reduce considerably the cathodic 
reduction of hypochlorite ions which otherwise takes place, owing 
to the formation on the electrode of a film (“ cathode diaphragm ”) 
which is usually supposed to be chromium chromate. Experiments 
were consequently done with 3A r -potassium chloride solutions con¬ 
taining, in addition, 1 g. of potassium chromate per litre. It is 
unnecessary to give the results in detail, as the effects were small. 
Quite definitely, however, there appeared to be a decrease in current 
efficiency at low, and an increase at high, current densities. This 
was observed with both 6- and 22-cycle current. The platinum also 
appeared to be less attacked. No platinum-black was formed, nor 
did the electrolyte become as cloudy as under similar conditions in 
the absence of chromate. 

Effect of Stirring. —Experiments were carried out in the simple 
type of cell used for investigating the* effect of high CM)., a 
mechanically driven stirrer running at a fairly high speed being used. 
No attempt was made to collect the gases. The anticipated increase 
in current efficiency is seen to be marked (Table V). 


Table V. 


Frequency. 

6 

6 

6 

6 

42 

42 


Hypochlorite current efficiency, %. 


Current (r.m.s.) 
(amps.). 

0*2 

0*5 

0*8 

1*0 

1*0 

1*5 


Without stirring. 
7*8 
17*S 
24*2 
31*4 
2*4 
2*1 


With stirring. 
14*8 
25*0 
36*0 
38*7 
6*2 
8*3 


Limiting Hypochlorite Concentration .—These experiments were 
carried out in the same simple cell. Stirring was not employed, but 
the cell was kept cool by a stream of water running over it. With 
25 c.c. of neutral 3N-potassium chloride and a current of 1*2 amps^ 
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at a frequency of 6, the hypochlorite concentration rose, first rapidly, 
then slowly, to about 0*27—0*28 N after a run of 2|—3 hours. 
Further electrolysis led to no further increase—on the contrary, a 
slight decrease was observed after 5 hours, the concentration 
f allin g to 0'26JV\ Considerable amounts of a brown precipitate 
were formed, and the electrodes became covered with a (partly 
black) deposit. Gas evolution had almost ceased after 4 hours. 
An experiment with 3 amps, at 21 cycles gave very similar results— 
a concentration of 0-27A 7 after 2J- hours, considerable electrode 
corrosion and precipitate formation, and gradual elimination of gas 
evolution. Before this ceased, it was noticed that much of it was 
taking place throughout the whole bulk of the electrolyte, not merely 
at the electrodes. In another experiment, after 4 hours’ electrolysis 
with 1*2 amps. (n = 6), the solution was 0-32A 7 with respect to 
hypochlorite. Chlorate was present to the extent of 0-095iV. It 
was noticed that, in this case, gas evolution was much stronger at 
the end of the experiment than in the previous cases, and, at the 
same time, the electrodes were far cleaner. The addition of free 
alkali to the original electrolyte lowered the limiting hypochlorite 
concentration. On the other hand, the addition of 1 g./litre of 
potassium chromate raised it slightly, concentrations of 0*30— 
0-31A 7 being obtained in three separate experiments, using 1*2 
amps, and n = 6. Both results are in accordance with those 
recorded earlier. 

Voltage Measurements .—Using the same apparatus, measurements 
were made of the r.m.s. voltage across the cell under varying con¬ 
ditions of electrolysis. In all cases, an unstirred 3jV-potassiuin 
chloride solution was used, and the cell was cooled by running 
water. The electrodes were 1 cm. squares of polished and of 
platinised platinum, in addition to graphite electrodes of as nearly 
as possible the same area. In all cases, they were placed 1*2 cm. 
apart. %he measurements were made by means of a Duddell 
thermo-galvanometer, previously calibrated by means of a standard 
D.C. voltmeter. Headings were taken immediately on switching 
in the current, and repeated at 10-minute intervals during 1 hour. 
With polished platinum, there was generally a fall during the elec¬ 
trolysis, varying from 1 or 2 centivolts up to several decivolts, com¬ 
paratively rapid at the start, most noticeable when electrolysis 
was considerable, and obviously connected with the corrosion or 
platinisation of the electrodes. With platinised platinum and 
graphite, at which little or no electrolysis took place, the decreases 
in voltage noticed were correspondingly less. Occasionally a rise 
in voltage was observed. Under identical conditions of current 
and frequency, the cell voltage decreased in the order: polished 
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platinum> platinised platinum>graphite, represented by (A), (B), 
and (C) respectively in Table VI, which contains typical figures. 


Table VI. 


Time 

(mins.) 

after 



Voltage across electrodes. 



n= 6; 

0*12 amp. 

tt=6; 

i—l amp. 

n=48 

; £=1 amp. 










start. 

(A). 

(B). 

(C). 

(A). 

(B). 

(C). 

(A). 

(B). 

(C). 

0 

1-60 

1*04 

1*10 

3*77 

3*08 

3*23 

3*05 

2*42 

2*22 

10 

1-58 

1*27 

1*04 

3*63 

3*04 

3*06 

2*95 

2*36 

2*07 

20 

1-60 

1*32 

1*00 

3*58 

3*02 

2*97 

2*78 

2*34 

2*08 

30 

1*60 

1*32 

0*98 

3*56 

3*02 

2*97 

2*78 

2*36 

2*08 

40 

1-60 


0*96 

3*53 


2*97 

2*74 


2*08 

50 

1*60 


0*83 

3*51 


2*99 

2*59 


2*07 

60 

1*59 


0*94 

3*51 


2*96 

2*50 


2*06 

Electro- 

Slight 

Nil 

Nil 

Much Slight Slight 

Slight 

Nil 

Nil 


lysis 

Owing to the time effect, the data are, in general, unsuited for 
exact comparison. It is clear, however, that the cell voltage 
increased both with increased C.D. and with diminished frequency. 
If the last factor were kept constant, more or less linear voltage- 
current density plots were obtained, which, on extrapolation to zero 
current, cut the voltage axis at some distance from the origin. 
These intercepts, which must be regarded as indicative of residual 
polarisation at the electrodes, were smaller the higher the frequency. 
But, even with 480 cycles, they corresponded to about 0*5 volt with 
polished and 0*2 volt with platinised platinum. This last figure must 
be regarded as showing the linear extrapolation to be unjustified. 

Depolarisation by Chlorine at Platinum and Graphite Cathodes .— 
The lower r.m.s. voltages obtained with graphite as compared with 
polished platinum electrodes are in agreement with the much 
smaller degree of electrolysis found when using graphite, and 
suggest that, in this case, the electrode processes occurring during 
the anodic and cathodic pulses to a great extent simply reverse one 
another. The direct-current chlorine over-voltage is known to be 
greater, during the early stages of electrolysis, at graphite than at 
smooth platinum (Knobel, Caplan, and Eiseman, Trans . Amer. 
Electrochem. Soc., 1923,43,55), which argues for a slower rate of the 
reaction 2C1—*-Cl 2 , and for a relatively great heaping up of chlorine 
atoms in the graphite surface layers. Under the conditions of. 
alternating-current electrolysis, these might be expected to ionise 
during the cathodic pulse, whereas, with a platinum anode, hydrogen 
ions would be discharged. If, however, the reaction 2C1—>-Cl 2 is 
slow, so will also be Cl 2 —^2C1, and consequently a graphite cathode 
depolarised by chlorine should be more easily polarised under th# 
same conditions of C.D. than a similar smooth platinum cathode / 
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Experiments were done to test this view. The cell consisted of a 
U-tube of wide bore, partly filled with V-hydrochloric acid. In one 
limb was a platinum anode, in the other a 1 cm.-square cathode of 
either polished platinum or graphite, half immersed in the electrolyte. 
Against the cathode pressed the tip of a Luggin capillary, sealed in 
through the wall of the U-tube, and making connexion, through a 
bridge of 3iV-potassium chloride, with a normal calomel electrode. 
By means of a jet sealed into the bottom of this limb, a stream of 
chlorine gas could be bubbled round the cathode. After the elec¬ 
trolyte had been saturated with chlorine, the static cathode potential 
was measured, and then a series of continuously increasing small 
measured currents was passed through the cell, and the potential 
again observed after each alteration in current. The results are 
contained in Table VII. The differences observed are very marked, 
and of the nature anticipated. 


Table VII. 

Polished platinum cathode. Graphite cathode. 


Polarising 

current 

Potential 

Change in 
potential 

Potential 

Change in 
potential 

(milliamps.)- 

(tt h ) (volts). 

(millivolts). 

(tt h ) (volts). 

(millivolts). 

0-0 

+ 1*392 

— 

+ 1*378 

— 

0*2 

1*390 

— 2 

1-37S 

0 

1-0 

1*383 

- 9 

1*367 

- 11 

2*0 

1*376 

—16 

1*350 

- 28 

3*0 

1*371 

-21 

— 

— 

4*0 

1-366 

-26 

1*322 

- 56 

10*0 

1*321 

-71 

1*212 

-166 


Average Electrode Potentials during Alternating-current Electrolysis . 
—These measurements were carried out with currents of frequency 
20, polished platinum electrodes in 3V-potassium chloride being 
used, and a normal calomel electrode. Prior to them, readings 
were taken with 1 cm.-square electrodes of platinised platinum in 
^-sulphuric acid, a normal mercurous sulphate electrode being used 
as reference electrode, and currents of 17 and of 480 cycles being 
employed. The results indicated that, whilst a static platinised 
platinum electrode in V-sulphuric acid acts as an air electrode with a 
potential of about tz s = + 0*97 volt, its oxygen content increases 
and its average potential becomes more positive as electrolysis 
proceeds. When the current is cut off, the static potential slowly 
returns to the original air value. Typical results are contained in 
Table VIH. 

Similar observations on the behaviour of the potentials of platinum 
electrodes in sulphuric acid under the influence of alternating 
currents have been made by Ghosh fj. Amer. Chem. Soc. : 1914, 36, 
2333) and by Vaillant ( Compt . rend., 1919,168, 768). 
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Table VIII. 


Electrode potentials fan), volts. 


Conditions of 

n = 4S0; 

i = 0*11 amp. 

n = 17; i — 

0*15 amp. 





measurement. 

Vh- 

Change. 

ttr. 

Change. 

Static. 

+0*9739 

— 

+0*9695 

— 

A.C. on for 0-5 min. 

0*9940 

‘ +0*0201 

1*0211 

+0*0516 

„ „ 10 mins. 

1*0014 

+0*0275 

1*0512 

+0*0817 

„ „ 20 „ 

1*0046 

+ 0*0307 

1*0663 

+0*0968 

„ „ 30 „ 

1*0071 

+ 0*0332 

1*0749 

+0*1054 

A.C . ofi for 10 „ 

1*0046 

+0*0307 

1*0511 

+0*0816 

99 99 30 ,, 

— 

— 

1*0468 

+ 0*0773 

„ „ 18 hrs. 

0*9695 

-0*0044 

— 

— 


No electrolysis. 

Traces of gas 

evolved. 


The behaviour of polished platinum electrodes in 3 A-potassium 
chloride was, however, different, as is shown in Table IX. 


Table IX. 

Polished platinum electrodes, 1 cm. 2 . Electrolyre, 3A-KC1. 
Frequency, 20 cycles. 

Electrode potentials (tc h ), volts. 


i = 0*2 amp. ' = 0-3 amp. i — 0*5 amp. 


Conditions of 


■ A - ' ■ ' N 


*-, 


1 

measurement. 

t h> 

Change. 

7T H . 

Change. 

*H- 

Change. 

Static. 

A .C. on for 2 mins. 

„ i, 10 » 

+0*5482 

0*0424 

—0*5058 

+0*5050 

0*2443 

0*2307 

-0*2607 

-0*2743 

+0*5345 

0*3486 

-0*1859 

„ „ 20 „ 

A.C. off for 5 „ 

30 „ 

0*0481 

0*5884 

-0*5001 

+0*0402 

0*7052 

0*7303 

+0*2002 

+0*2253 

0*9540 

0*9832 

+0*4195 

+0*4487 

:: ft 

:: “ws. 

0*5674 

0*5737 

+0*0192 

+0*0255 

0*7448 

+0*2398 

0*9931 

+0*4586 


The average potential measured during electrolysis is seen to be 
less positive than the static air potential, but to increase with 
increasing C.D. As oxygen is liberated during the electrolysis 
(although only in traces at those CLD.’s used in this series of experi¬ 
ments) and in amounts increasing with, and more rapidly than, the 
C.D., it is reasonable to assume here also, as with platinised platinum 
in dilute sulphuric acid, that the average electrode potential corre¬ 
sponds to the average oxygen charge in the electrode during the 
complete cycle. When the current is cut off, the potential rapidly 
rises, owing to the hypochlorite in the solution, and to an extent 
determined by the concentration of the latter. Slow decomposition 
of the hypochlorite will be accompanied by an ultimate gradual 
potential fall to the air value. It may be mentioned that Ghosh 
(Zoc. tit.), using platinum electrodes in hydrochloric acid solutions* 
also found the potentials to become more negative on polarisation 
with alternating currents. In this case, however, as no’oxidisuig 
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agent is formed in solution, the electrode potentials, after electrolysis, 
simply return gradually to the limiting air potential figures. 

Discussion. 

The main results of this work are in general agreement with the 
“ fundamental laws 55 of alternating-current electrolysis formu¬ 
lated by Mengarini (. Electrician , 1891, 27, 304), viz., that the current 
efficiency (1) decreases with decreasing C.D . and falls to zero below a 
threshold C.D. value, and (2) decreases with increasing frequency 
and becomes zero above a threshold frequency—these threshold 
frequencies and C.D 's being functions of one another and also of 
the particular electrolysis in question. The most interesting feature 
of Figs. 1 and 3 is the discontinuity shown by the 3iV-potassium 
chloride curves at low frequencies when compared with the 
2V-potassium chloride curves. These breaks could not be correlated 
with changes in the electrode surface, and they seem difficult of 
explanation. Systematic measurements of electrode polarisation, 
best with the aid of an oscillograph, appear necessary. An increase in 
C.D. also increases the current efficiency of direct-current hypochlorite 
production; but, whereas the favourable effect is here probably 
connected with the more ready formation of an acid diffusion layer, 
free from hypochlorite ions, around the anode, in the case of alternat¬ 
ing currents it is a question of a relative diminu tion in the extent to 
which the anodic and cathodic pulses merely neutralise one another’s 
effects, as a result of discharged ions remaining in or on the electrodes. 

The addition of alkali, obviously owing to the primary discharge 
of hydroxyl instead of chlorine ions, has been seen to lower the 
efficiency of hypochlorite production. This is also the fact in 
direct-current electrolysis; but, in that case, where higher hypo¬ 
chlorite concentrations are encountered, the cause is rather the 
destruction of the acid <f diffusion layer ” mentioned above, and the 
consequent facilitated anodic discharge of hypochlorite ions. The 
small effect of the addition of chromate , compared with its influence 
on the course of the direct-current electrolysis, results from the fact 
that the hypochlorite ions are produced inside, or in the pores of, 
and not outside, the “ cathode diaphragm. 5 ’ For similar reasons, 
stirring increases the current efficiency, whereas the best results are 
obtained with direct currents when an undisturbed electrolyte is used. 

The limiting hypochlorite concentration observed (about 0*3A) 
is, of course, far lower than that given by a direct current under 
similar conditions of concentration, current density, and temper¬ 
ature. It corresponds, in fact, roughly to the equilibrium concen¬ 
tration obtained at room temperature with l*7A-sodium chloride, 
and a C.D . of 1*7 amps./dcm. 2 (Foerster and Muller, Z. Elektrochem., 
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1903, 9, 196) whereas, in the present experiments, 3N-potassium 
chloride and a CD. of 1*2 amps./cm. 2 (at 6 cycles) were employed. 
As mentioned, chlorate was found to be present, and there is no 
doubt that, with alternating as with direct currents, the limit 
reached in the hypochlorite concentration is due to hypochlorite-ion 
discharge. 

The electrode potential data have already been discussed. We 
will only add that oscillographic measurements appear necessary 
for their more detailed elucidation. 

Summary. 

(1) The alternating-current electrolysis of solutions of potassium 
chloride at room temperature, with polished platinum electrodes, 
has been investigated. 

(2) The influence on the hypochlorite current efficiency of changes 
in concentration, current density, and frequency have been studied, 
as have also the effects of adding free alkali or a chromate, 

(3) The maximum hypochlorite concentration possible under the 
conditions of electrolysis has been determined. 

(4) Measurements have been made of the average electrode 
potentials during electrolysis under different conditions. 

This work was carried out during the year 1923. 

University op London, 

King’s College. [Received, September 20 tk, 1927.] 


CCCXLVIIL —The Formation of the Sulphites of Azo¬ 
compounds . 

By Albeet Theodobe King, 

The sodium bisulphite derivatives of azo-compounds, being markedly 
different in colour from the original azo-compounds, are of great 
technical interest in relation to commercial azo-dyes. The readiness 
or otherwise of their formation under various conditions determines 
the degree of fastness of the dye on wool to stoving (bleaching with 
sulphur dioxide) and to exposure to town air containing sulphur 
dioxide. 

Prom preliminary observations that the effect of sulphur dioxide 
upon azo-compounds is greatly dependent on the conditions under 
which it is allowed to react, it appeared desirable to examine this 
reaction further, in relation both to the degree of departure shown, 
under optimum conditions, from the accepted commercial standards 
of fastness to stoving and to the influence of constitution and of 
substituent groups on the ease of sulphite formation. 
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Spiegel (Ber., 1885, 18, 1479) prepared a number of these com¬ 
pounds of azo-dyes by reaction of the dyes with warm aqueous 
or aqueous-alcoholic solutions of sodium hydrogen sulphite, and 
observed that they were very stable towards dilute acids, but were 
decomposed by heat and by alkalis into the original dye and alkali 
sulphite. He regarded them as hydxazo-A 7 -derivatives of the 
general formula 2fflX‘hTY'S0 3 ]Sra. 

Vorosehtsov (J. Russ . Phys. Chem. Soc 1911, 43, 771; 1915, 47, 
1669), on the other hand, regards them as salts of sulphurous esters, 
e.g., C 6 H 5 *N!N'C 10 H 6 *0*S0 2 lsia. He assumes that sulphurous acid 
is added to the naphtholic nucleus in the ketonie form, the product 
losing a molecule of water. He found that the reaction was character¬ 
istic of hydrosyazo-compounds, and that the corresponding amino- 
azo-compounds, on boiling with aqueous-alcoholic bisulphite, 
formed the sulphite, not of the aminoazo- but of the hydxoxyazo- 
eompound. He also found that the reaction was confined to the 
azo-derivatives of a- and g-naphthols. These reacted readily, 
whereas o- and ^-hydroxyazobenzenes and benzeneazo-o- and 
-p-cresols underwent no change even on prolonged boiling. 

He and his collaborators prepared the sulphites of a number of 
substituted azonaphthols, but did not make anything more than 
qualitative observations on their relative ease of formation. 

A simple method of measuring the rate of formation of the 
sulphites of soluble azo-compounds is provided by the fact that 
these derivatives are very stable not only towards dilute mineral 
acids, but also towards acidified iodine solution. Thus by running 
the reaction mixture into excess of acidified iodine solution, and 
titrating back with thiosulphate, the amount of sulphur dioxide 
which has become inactive by combination with the azo-compound 
is readily ascertained. The method is free from the difficulties 
associated with the estimation of ketone bisulphites (Stewart, J., 
1905, 87,185). 

For the series of experiments to be described, the sodium 
salts of p-sulphobenzeneazo- 3-naphthol (Orange II), 4-sulpho-a- 
naphthaleneazo-p-naphthol (Fast Red A), benzeneazo-(3-naphthol- 
6 :8-disulphonic acid (Acid Orange GG), and a-naphthaleneazo- 
p-naphthol-6:8-disulphonic acid (Crystal Scarlet) were selected, 
these having different degrees of fastness to stoving * (1—2, 2—3, 

* The standard test for fastness of dyes on wool to stoving is carried out 
as follows: The dyed sample is soaked in 2% Marseilles soap solution, wrung 
out, placed in a vessel filled with sulphur dioxide by burning an excess of 
sulphur, left in for 12 hours, rinsed well in cold water, and dried. The dyes 
are placed in five classes according to the extent of colour change, class 1 
being fast, and 5 the most fugitive. 
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1, and 2 respectively) and providing some indication of the influence 
of substitution on the ease of sulphite formation. 

The measurements recorded were confined to 2-hour periods of 
reaction at 25°. Tig. 1 illustrates the percentage converted into 
sulphite by the equivalent quantity of sulphur dioxide, with various 
S0 2 /NaOH ratios, the reaction mixture corresponding initially to 
N /50-sulphurous acid. 

The most striking variation is shown by Orange II. The reaction 
is negligible with sulphurous acid alone, and the sharp rise in the 



0-2 0-5 04 d 5(MaHSQ) 0-6 07 0-8 0-9 l-0(NOj$0j) 1-1 

Eqviva/enl proportions of HaOH. t 

. Orange II. - Crystal Scarlet . 

- Fast Bed A. . Acid Orange GG . 

percentage of azo-sulphite formed occurs beyond the molecular 
ratio S0 2 /Na0H = 1 (representing the formula NaHS0 3 ), the 
maximum being with about 1-3 mols. of sodium hydroxide. On 
either side of this maximum the reaction is extremely sensitive to 
variation of the SO s /NaOH ratio. 

On the assumption that the reaction consists in direct addition 
of sodium hydrogen sulphite to the dye to give the hy&razo-JV- 
derivative as suggested by Spiegel (loc. cit.) 9 •NIN* 4- NaHS0 3 —>* 
# NH*N(S0 3 Na)% it would be expected that sulphurous acid and 
caustic soda in equimolecular proportion would effect the most rapid 
conversion. 

Hagglund and Ringbom (Z. anorg. Chem., 1926,150,231) conclude 
that the addition of bisulphite to ethylenic linkages proceeds 
according to the similar equation ICICI-fNaHS0 3 —ICH*C(S0 3 Na).V 
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They found the velocity to depend on the concentration of sodium 
bisulphite (or the ion HSO s # ), and with normal sulphite there was 
no action. 

Certainly with additional alkali (which readily decomposes azo¬ 
sulphites) it would be expected that the reaction would be arrested : 
♦KIN* + NaJ30 8 + H 2 0 ^ •NH-N(SO a Na)• + NaOH. 

With normal sulphite, the reaction is in fact only slight (Fig. 1), 
although a small excess of sodium hydroxide beyond this proportion 
is needed to inhibit the reaction completely. 

The above opt imum ratio of greater than unity accords with the 
view that the hydroxy-group is participating in the reaction, and 
that theoretically the most rapid conversion would occur with a 
further molecular proportion of alkali, but that actually this is 
balanced by the simultaneous decomposing action of the latter. 

It is known (Stewart and Baly, J., 1906,89,489) that the bisulphite 
compounds of ketones are formed much more rapidly in the case 
of tautomeric compounds like acetoacetic ester, the reactivity 
being presumed to be inherent, not in the carbonyl group itself, 
hut in its tautomeric character, which is governed by the action of 
the adjacent groups upon the carbonyl radical. 

Evidence has been advanced, principally by Goldschmidt and 
Low Beer (. Ber 1905, 38, 190S), refuting the quinonoid structure 
of ^-hydroxyazo-compounds, hut there is still a conflict of opinion 
on this point (compare Puxeddu and Germain, Gazzetta, 1922, 52, 
i, 216) and Voroschtsov’s view can be supported, even accepting 
the azophenolie structure, by assuming a similarly tautomeric 
hydroxyl group. This may also be the determining factor in the 
velocity of reaction, as Stewart and Baly maintain in the case of 
ketones. In the tautomerism of the latter, however, alkali favours 
the enol form, and the precise role of the excess of alkali above 
mentioned in accelerating the formation of azo-sulphites is not at 
present clear. 

So far as is indicated by the four azo-P-naphthols examined, the 
sulphonaphthalene group obviously has a retarding effect compared 
with the benzene derivative, and the benzeneazonaphtholdi- 
sulphonate also is more reactive than the corresponding naphthalene- 
azonaphtholdisulphonate, but ant generalisation must be deferred 
pending results over a wider range of azo-derivatives. 

This preliminary series is, however, sufficient to illustrate both 
the varying reactivity of azo-compounds to sulphur dioxide under 
different conditions and also the anomalous behaviour at times 
encountered with dyes scheduled as of good fastness to sulphur 
dioxide under the special conditions of the stoving test, owing to 
their unsuspected sensitiveness to this reagent under favoubrale 
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conditions which can in various ways be fortuitously realised in 
practice. 

As previously mentioned, the formation of azo-sulphites is 
not general with azo-dyes. The examples above were selected on 
account of their observed susceptibility and are all (3-naphthol 
derivatives. The a-naphthol derivatives would appear to be 
generally less sensitive, and similar work on these is projected. 

In addition, a third type, principally aminoazo-compounds, does 
not,, according to Voroschtsov, give bisulphite derivatives, but 
either through fission or other form of decomposition is destroyed 
by bisulphite and is thus not regenerated by subsequent treatment 


Fig. 2. 



with caustic soda. As an example of such compounds, the sodium 
salt of 3:6-disulpho-8-hydroxy-a-naphthaleneazo-a-naphthylphenyl- 
amme-8-sulphonic acid (Fast Acid Blue RH), 

OH-C 10 H 4 (SO 3 Na) 2 -N:N-C 10 H 5 (SO 3 Na)-NHPh, 
was investigated. This is very fugitive to stoving, turning eventually 
yellow, and is entirely different in behaviour towards sulphur 
dioxide from the sulphite-forming azo-compounds (Fig. 2). The 
extent of reaction in the 2-hour period employed is most marked 
with about 0-3 equivalent of alkali, and under the optimum sulphite- 
forming conditions the dye scarcely reacts at all. 

Thus the foregoing results indicate that more precise information 
on the reactivity of sulphur dioxide towards the various types of 
azo-dyes is desirable from both the theoretical and the practical 
aspect, and further work is in progress with this end in view* ; ; < • 
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Experimental. 

The dyes in question readily lend themselves to purification. 
Orange II, already practically pure in commercial form, was 
recrystallised twice from 90% ethyl alcohol. Acid Orange GG, 
Crystal Scarlet, and Fast Bed A were first separated from inorganic 
salts by solution in pyridine and reprecipitation with ether; the 
Fast Bed A was then recrystallised from amyl alcohol, and the other 
two from 90% ethyl alcohol. Their purity was checked by evalu¬ 
ation with titanous chloride, which gave Orange II 99*93%, Acid 
Orange GG 100*3%, Crystal Scarlet 99*0%, and Fast Bed A 99*1%. 

Preparation of Azo-sulphites. —The sulphites of the above- 
mentioned azo-compounds were obtained by stirring the powdered 
dye into excess of concentrated sodium bisulphite solution, gently 
warming the liquid, and keeping it over-night. The bisulphite 
solution is conveniently made by adding 10% sodium hydroxide 
solution to commercial bisulphite solution (20% S0 2 ) until the 
latter reacts only faintly acid to litmus paper. The ease of isolating 
the azo-sulphite varies with the azo-compound employed. 

Sodium 4- Sulpho-cn-naphthaleneazo-p-naphthyl Sulphite (Bisulphite 
Compound of Fast Bed A).—The reaction mixture was filtered, and 
the solution saturated with sodium chloride. The precipitate thus 
obtained was twice again salted out from aqueous solution and was 
then deposited from aqueous-alcoholic solution, by gradual addition 
to ether, as a reddish-orange, crystalline, hygroscopic powder 
(Found: S as sulphite, 6*65. Calc, for C 20 H 12 O 6 N 2 S 2 Na 2 : S as 
sulphite, 6*6%). 

The sulphite sulphur was estimated by adding the substance, 
dissolved in excess of air-free aqueous sodium hydroxide, to excess 
of acidified iodine solution and titrating the residual iodine with 
thiosulphate. Estimations of total sulphur by the Carius method 
gave low results, presumably through incomplete breaking down of 
the sulphonie group. 

Sodium p-Sulphobenzeneazo- 13 -naphthyl Sulphite (Bisulphite Com¬ 
pound of Orange II, commercial name fi< Narceine ”).—The reaction 
mixture deposited a portion of the azo-sulphite on cooling. The 
bulk was separated by adding a little sodium chloride. It was 
again salted out and then recrystallised by cooling a warm con¬ 
centrated aqueous solution, being thus obtained in buff-yellow 
crystals (Found: S as sulphite, 7*3. Calc, for C 16 H 10 O 6 N 2 S 2 Na 2 : 
S,7*3%). 

Sodium Benze?ieazo-6 ; 8-disulpho - [3 - naphthyl Sulphite (Bisulphite 
Compound of Acid Orange GG).—This substance, which is not 
precipitated from its aqueous solution by sodium chloride, was 
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isolated by adding to the reaction mixture twice its volume of 
alcohol, which left it in solution together with some sodium bisul¬ 
phite. The solution was evaporated to small bulk at a low temper¬ 
ature and fractionally precipitated by careful addition of alcohol. 
The inorganic salt was precipitated first, and the azo-sulphite was 
obtained, by pouring the filtrate slowly into alcohol-ether, in 
fairly pure condition as a canary-yellow, hygroscopic powder. 

Sodium a-naphthaleneazo- 6 : &-disulpho-$-naphthyl sulphite (bi¬ 
sulphite compound of Crystal Scarlet) was isolated by the method 
described under Acid Orange GG and obtained as a reddish-orange 
powder deliquescing in air. 

Stability of Azo-sulphites towards Acidified Iodine Solution. —The 
azo-sulphite (0-5 g.) was added to 25 c.c. of acidified iodine solution 
and kept for 24 hours. The blank required 21*9 c.c. of thiosulphate, 
and the azo-sulphites required : Fast Red A (A) 21-9 c.c., Acid 
Orange GG (B) 21*9 c.c., Orange II (C) 20-9 c.c., Crystal Scarlet (D) 
19*6 c.c. The low results for (C) and (D) were mainly due to con¬ 
tamination with inorganic sulphite, since it was found that by 
adding iodine to the azo-sulphite in solution until the latter reacted 
to starch paper, and then pouring the mixture into 25 c.c. of acidified 
iodine, the thiosulphate figures were 21-54 and 21*4 c.c. respectively. 
The reaction, if any, after 24 hours’ contact with iodine is thus 
so small as to warrant the accuracy of the method described below 
of estimating mixtures of alkali- and azo-sulphites. 

Determination of Azo-sulphite Formation. —The purified anhydrous 
azo-compounds were dissolved in boiled-out water and made up to 
M /40-solutions, 20 c.c. thus being equivalent to lOc.c.of N / 10-sulphur- 
ous acid. To 20 c.c. of each dye solution were added first the desired 
volume of N / 10-sodium hydroxide, then water (to makeup eventually 
to 50 c.c.), and finally the sulphurous acid, the solution thus being 
A/50 as regards both azo-compound and sulphite. The reaction 
mixtures were contained in stoppered tubes of slightly greater 
capacity, to reduce air-oxidation of the sulphur dioxide to the 
minimum. After remaining 2 hours in a water-bath at 25°, the 
contents of the tube were washed out into excess of acidified iodine 
solution, which was thereafter titrated with thiosulphate. The 
highly coloured solutions necessitated the use of starch as indicator. 
The end-point was very sharp. 

Preparation of the Sulphurous Acid Solution. —In the initial 
experiments concordant results could not be obtained owing to the 
changing strength of the sulphurous acid and simultaneous form¬ 
ation of free sulphuric acid, each of which changed the S0 2 /NaOH 
ratio and thus greatly affected the rate of reaction. To obviate 
this, a Winchester filled with boiled-out water was allowed to cool 

4 u 
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with wash-bottles of alkaline pyrogallol attached, and sulphur 
dioxide from a syphon was passed in to give an approximately 
N /10-solution. A self- fillin g burette was fitted so that air entering 
by displacement was deprived of oxygen by alkaline pyrogallol; 
the absorption bottles were cut off except during the running off 
from the burette, to avoid any loss of sulphur dioxide from the 
inside atmosphere by absorption in the pyrogallol. This solution 
remained practically constant in strength throughout the whole 
series of analyses. It gave a normality of 0-1423 as sulphurous 
acid, and 0-1444 as total sulphur, estimated as barium sulphate, 
the free sulphuric acid present thus involving the small correction 
of 0-15 c.c. to the calculated volumes of N/ 10-sodium hydroxide 
added. 


Tabulated Remits . 


C.c. of 0*103A r -NaOH 


added (expressed as S0 2 combined (c.c. of JV/10-soln.). 


c.c. of Nj 10-NaOH 
and corrected). 

s 

A. 

B. 

C. 

N 

D. 

— 

(-0-05) 

(-0*03) 

0*05 

0*10 

3-97 

(-0-15) 

0 

0*07 

0*13 

4-86 

0*35 

0*78 

0*37 

0*16 

5*21 

0*55 

1*81 

1*90 

1-0 

5*62 

1*10 

3-58 

5*05 

2*5 

6*03 

1-65 

4*68 

5*50 

3*79 

6*44 

2-20 

5*38 

5*65 

4*20 

7*06 

3*00 

5*60 

5*35 

4*65 

7*47 

— 

5*24 

— 

— 

7*88 

3*00 

4*43 

3*65 

4-05 

S*50 

2-70 

3*43 

2*30 

2*75 

9*12 

1*60 

2*43 

1*25 

1-30 

9*86 

0*45 

1*46 

0*70 

0*45 

10-66 

0 

0*73 

0-20 

0*2 


The percentage of sulphur dioxide combined is obtained by multiplying 
the number of c.c. of A 7 /10-solution by 10. 


The curves plotted from these values are shown in Fig. 1. The 
values for sulphurous acid have been disregarded, since even after 
24 hours no reaction could be detected with certainty; also no 
correction has been made for any loss of sulphurous acid by oxid¬ 
ation, blank determinations having shown that the loss during 
2 hours, although increasing slightly with alkalinity, involved no 
serious error. 

Reaction with Fast Acid Blue RH .—In this case, the deep blue 
colour obscures the colour change of starch in the solution, but by 
using starch as external indicator the end-point can be determined 
with fair precision. 

The following results were obtained, the same quantities of dye , 
and sulphurous acid being used as before, for a 2 hours 5 period of 
reaction (see Fig. 2): 
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N/ 10-H 2 SO 4 

% so 3 

added (c.c.). 

combined. 

5 

14-2 

2 

14-5 

H 2 S0 3 alone. 

20*0 

JV/10-NaOH 
added (c.c.). 

1 

22*0 

2 

26*5 


N/10-NaOH 

% so 2 

added (c.c.). 

combined. 

3 

29*5 

3*98 

21*0 

4*86 

6-0 

5*21 

5-0 

5*62 

3*5 

6*03 

3*0 

7*06 

2*3 

8*1 

2*3 
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CCCXLIX .—The Relative Directive Powers of Groups of 
the Forms RO and RR'N in Aromatic Substitution* 
Part VIII . The Nitration of k-n-Butoxyanisole . 

By John Clarke, Robert Robinson, and John Charles Smith. 

A study of the nitration of 2-alkyloxyanisoles (Part I, Allan and 
Robinson, J., 1926, 376) showed that the directive powers of some 
alkyloxy-groups are in the order EtO > %-PrO > w-BuO > MeO, whilst 
in the nitration of 4-alkyloxyanisoles the order found was n-PrO> 
EtO >MeO (Part III, Robinson and Smith, J., 1926, 392). We 
have now determined the directive power of the %-butoxy-group in 
the quinol series and it is appreciably greater (186) than that of the 
n-propoxy-group (180). In view of the high yields obtained in the 
nitrations, the fact that only two monosubstituted derivatives are 
possible, and the precautions observed in applying the method of 
thermal analysis, we have little doubt that this difference is real 
and lies beyond the limits of experimental error. The small fall 
in the directive powers in the pyrocatechol series in passing from 
n -PrO (128) to n-BuO (123) and the small corresponding rise (180— 
186) in the quinol series may now be disregarded, if desired, in 
favour of a comparison of EtO and n-BuO in both series. In the 
pyrocatechol series, we find EtO = 135 and w-BuO — 123, and in 
the quinol series, EtO = 163 and ?i-BuO = 186. A theoretical 
explanation embracing these phenomena was advanced in Part IV 
of this investigation (Allan, Oxford, Robinson, and Smith, J., 1926, 
402), and the result for n-BuO is in agreement with its requirements. 

Experimental. 

Purification of Materials .—The methyl alcohol was free from 
acetone and distilled completely within 0*1°. The acetic acid was 
distilled and repeatedly frozen until the m. p. was 15*8—18-0°. 
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Pure nitric acid of constant b. p. was distilled (d 141). A good 
specimen of ?i-butyl alcohol was washed with dilute sulphuric acid 
and sodium bisulphite solution, and then boiled for 1*5 hours with 
20% aqueous sodium hydroxide; it was separated, dried with 
potassium carbonate, and later with barium oxide. On distillation 
through an efficient column, a fraction, b. p. 117*6°/760 mm., 
df 0*8056, was obtained (Brunei, Creashaw, and Tobin, J . Amer. 
Ghent. Soc., 1921, 43, 561, give b. p. 117*71°/760 mm. and 6?? 
0-8057). This specimen was unchanged by further attempted 
purification, as mentioned below, and was employed in our work. 
The alcohol was converted into ?i-butyl salicylate and subsequently 
treated as described by Orton and Jones (J., 1919, 115, 1198); 
the recovered material had b. p. 117*6 c /762 mm. and df 0*8056; 
df 0*8094; df 0*8132; 0*8141. A second portion was con¬ 

verted into 7i-butvl gallate, which crystallised readily from toluene 
in needles, m. p. 143—144° (Found: C, 58*3; H, 6*2. Calc, for 
CiiHi 4 0 5 : C, 58*4; H, 6*2%). Subsequent to the completion of 
our work, we found that w-butyl gallate had been described by 
Christiansen (J. Amer. Chem . Soc ., 1926, 48, 1358), who gives the 
m. p. 133—134°, This derivative was hydrolysed by means of 
aqueous sodium hydroxide in an atmosphere of hydrogen, and the 
recovered alcohol had b. p. 117*5°/760 mm., df 0*8094. Com¬ 
mercial n-butyl alcohol (600 c.c.) esterified with gallic acid (250 g.) 
gave about 200 g. of the ester, m. p. 141—143°, and after one 
crystallisation from toluene the m. p. was 142—144°. The alcohol 
obtained on hydrolysis all distilled at 117*9—118*l°/769 mm. 
(117*6—117-8°/760 mm.) and had df.' 0*8099. This experiment 
seemed to show that the process of purification we contemplated 
was satisfactory, but it cannot be trusted in all circumstances, as 
the following observations clearly proved. In the first place, a 
mixture of %-propyl and %-butyl alcohols was esterified with gallic 
acid and the ester isolated had m. p. 148—149°, or by a different 
method, m. p. 150—151°. Recrystallisation from toluene gave a 
crop, m. p. 152—153°, and another, m. p. 151—153°. We then 
prepared tz- propyl gallate, m. p. 147—148° (see below), and found 
that a mixture of equal quantities of -propyl and n ~butyl gallates, 
mixed dry, had m. p. 152—154°, with no sign of sintering at 143° 
or 147°. On cooling, the liquid crystallised at 145°; it then fused 
again at 152—154°. This is, therefore, an addition to the small 
number of recorded cases of binary mixtures that melt at a higher 
temperature than either of the components. 

n-Butyl bromide was prepared by the method of TCa.™™ and 
Marvel (J. Amer. Chem. Soc., 1920, 42, 299) and had b. p. 101*2°/759 
mm., df 1*2764. 
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n-Propyl Gallate. —A mixture of propyl alcohol (50 c.c.), sulphuric 
acid (1 c.c.), and gallic acid (17 g.) was boiled under reflux for 4 hours 
(in the case of 7i-butyl gallate, the period of heating should not 
exceed 3 hours) and then concentrated somewhat by distillation 
under diminished pressure. The residue crystallised, and was 
thoroughly washed with water and dried at 80°. The almost 
colourless crystals were practically pure and the substance crystal¬ 
lised from water in long needles, m. p. 147—148° (Found : C, 56*7; 
H, 5*7. requires C, 56*6; H, 5*7%). This ester is rather 

more readily soluble in water than is w-butyl gallate, whilst it is the 
more sparingly soluble of the two in toluene. 

2-Nitro-4:-n-butoxyanisole. —Potassium (3*9 g.) was dissolved in 
methyl alcohol (100 c.c.), and after the successive introduction of 
3-nitro-4-methoxyphenol (16*9 g.) (Part III, loc. cit.) and w-butyl 
bromide (15 c.c.), the mixture was refluxed for 3 hours; as the 
colour was still red, a further 5 c.c. of butyl bromide were added 
and the boiling was continued for 2 hours. The greater part of the 
solvent was removed by distillation under diminished pressure, and 
an ethereal solution of the residue was twice washed with aqueous 
sodium carbonate, thrice with water, and then dried-. After removal 
of the ether, the yellow oil distilled at 143°/1 mm. and had f. p. 12*4°, 
m. p. 12*5° (yield, 17 g. or 76%). After one recrystallisation from 
methyl alcohol at — 15° (the filter was cooled by a jacket con¬ 
taining a mixture of solid carbon dioxide and ether) and removal 
of the adherent solvent at 110° in a vacuum, the values observed 
were : f. p. 13*1°, m. p. 13*25°, 1*5382 (Found : C, 58*6; H, 

6*7. C n Hj 5 0 4 N requires C, 58*7; H, 6*7%). The f. p. and m. p. 
were not raised by a further recrystallisation. A second preparation 
(yield, 81%) had f. p. 12*6°, m. p. 12*7°, raised on recrystallisation 
to the constant values 13*15° and 13*20°, respectively; 1*5382. 

$~Nitro-4:-n-butoxyanisole. —A solution of potassium. (7*8 g., 
0*92 mol.) in w-butyl alcohol (100 c.c.) and 2-nitro-4-methoxyphenol 
(33*8 g., 1 mol.) (Part III, loc. cit.) were mixed, and after the addition 
of ?z-butyl bromide (21 c.c.) the mixture was refluxed for 20 hours 
with the gradual further addition of tt-butyl bromide (29 c.c.). 
After cooling, the brown liquid was decanted from the potassium 
bromide, which was washed with a little butyl alcohol, and the 
solvent completely removed by distillation under diminished 
pressure. An ethereal solution of the residue was washed with 
aqueous sodium carbonate and water, then dried and distilled. A 
pale yellow oil (18*75 g.), b. p. 137°/1 mm., was obtained and 
2-nitro-4-methoxyphenol (11*5 g.) was recovered from the alkaline 
extracts. A second preparation on half the scale gave a rather 
larger yield (53% calculated on the potassium) of an identical 
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product, and both specimens, after being crystallised thrice from 
methyl alcohol at — 50°, gave long, yellow needles, which, after 
separation and complete removal of adhering solvent at 110° in a 
vacuum, had m. p. — 9-7°, 1*5358 (Found : C, 58*6; H, 6*8. 

C u H 16 0 4 N requires C, 58*7; H, 6*7%). The m. p.’s were deter¬ 
mined as follows : the substance in a tube was cooled to — 20° and 
stirred until cryst all isation began; it was then placed in an air- 
jacket fitted into a transparent Dewar vessel containing brine at 
— 12°. While the cold bath was stirred occasionally and the nitro¬ 
compound regularly (and vigorously on account of the viscosity of 
the material), the temperature gradually rose until the thermometer 
in the nitro-compound registered — 9*7° and remained steady for 
some minutes. 

Mixtures of S-NitroA-n-butoxyanisole and 2’Nitro-4-n-butoxy - 
anisole .—The mix tures were rather viscous below 0°, and reproducible 
values could only be obtained over the composition range given 
below. It was found that characteristic values could best be 
assigned by taking the mean of the f. p. and m. p. of each mixture. 
A series of 4—6 determinations was made in each case as in the 
example : Composition, 94*3% of 2-nitro-4-n-butoxyanisole; f. p.’s, 
11*40°, 11*30°, 11*35°, 11*40°; m. p.’s, 11*50°, 11*50°, 11*45°, 11*45°; 
mean, 11*42°. It was found necessary to eliminate water from the 
mixtures every 2—3 hours and also after any operation involving 
dismantling. The water did not actually depress the f. p.’s, but it 
retarded crystallisation. It was evaporated at 110°/20 mm. in a 
stream of dry air introduced through a fine tube; care was taken 
not to lose any of the material adhering to this tube or to the silver 
wire stirrer and thermometer—during temporary removal, these 
details were protected from dust. For the determination of the 
f. p.’s and m. p.’s, the apparatus mentioned above was employed; 
the temperature of the bath in the Dewar vessel could be raised or 
lowered by admission of water at different temperatures from 
reservoirs. In the first place, the m. p. was roughly determined 
while the bath was kept at a temperature 0*5—1° lower than that 
of the nitro-compound. The tube was then removed from the air- 
jacket and allowed to warm until almost all the solid had melted; 
it was then cooled to 2° below the m. p. and stirred to initiate 
crystallisation. After the tube was replaced in the apparatus, the 
bath was kept at 1° below the m. p., and the f. p. determined. As 
a rule, the temperature remained constant for some minutes. The 
temperature of the bath was then raised to about 0*5° below the 
f. p. and stirring continued, so that heat might enter and cause 
the mixture to melt. In this way, the temperature of the mixture 
usually rose 0*1—0*15° and remained steady at the m. p. until 
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almost all the solid had disappeared; a sudden rise supervened. 
The following f. p.-rn. p. means were determined, the first number 
of each pair indicating the % of the 2-nitro-isomeride in the mixture : 
100, 13*20°; 94*3, 11*42°; 86-4, 9*12°; 82*65, 7*88°; 79*58, 6*95°; 
77*08,6*00°; 73*77,4*90°; 71*94,4*09°; 69*06,3*00°. The corre¬ 
sponding graph is a smooth curve. 

4z-n-ButoxyanisQle .—Pure quinol monomethyl ether (6*2 g.) was 
added to a solution of sodium %-butoxide (from 1*15 g. of sodium) 
in 7i-butyl alcohol (30 c.c.), and after the introduction of %-butyl 
bromide (6*5 c.c.) the mixture was refluxed for 2 hours. After 
removal of the solvent at 50—70° in a vacuum, the product was 
steam-distilled and crystallised in contact with ice-water (yield, 
7*6 g. or 85%). The substance crystallised from methyl alcohol 
containing a little water in large, pearly plates, m. p. 24*5—25*5° 
(Found : G, 73*4; H, 9*1. C n H 16 0 2 requires C, 73*3; H, 8*9%). 
This ether was also satisfactorily obtained by the use of sodium 
methoxide in acetone solution. 

Nitratioyi of ±-n-Butoxyanisole. —4-w-Butoxyanisole (2*0 g.), dis¬ 
solved in acetic acid (4 c.c.), was nitrated by means of nitric acid 
(1*03 g.) in acetic acid (1 c.c.), and the product isolated as in the 
case of the nitration of 4-?i-propoxyanisole (Part III, be. cit.). 
The products were, however, washed with sodium carbonate instead 
of with the bicarbonate in order to avoid effervescence; yields, 
(a) 96*4%, (6) 97-2%, (e) 97*4% (Found: N, 6*2. Calc,: N, 6*2%). 
Specimens (c) and (d) were isolated without the aid of methyl 
alcohol, the washed oil being siphoned through a Pregl micro-filter 
into the freezing-point tube. Specimen (6) was orange-yellow and 
was not further examined, whilst (e) was specially prepared for 
analysis; (a), (c), ( d ), and (e) were clear, pure yellow oils. The 
following table displays the results; 6—8 determinations of each 
f. p. and m. p. were made. 

% of . 3 * 




2-Mtro- 




% of 

nitro-iso- 


Mixture 

isomeride 




2-nitro- 

meride in 

Speci¬ 

taken. 

added, 

F. p. 

M. p. 


isomeride 

nitration 

men. 

S* 

g* 

(mean), (mean). Mean. 

indicated. 

product. 

(a) 

1-0052 

1*4758 

4*72° 

4*88° 

4*80° 

73*7 

64*9 



1*9920 

6*41 

6*53 

6*47 

78*3 

64*7 

(o) 

0*5993 

1*0141 

5*46 

5*59 

5*53 

75*7 

65*4 



1*3133 

6*82 

6*98 

6*90 

79*6 

65*1 

(d) 

0*5027 

0*8216 

5*35 

5*46 

5*41 

75*35 

64*9 


Mean 65*0 

Hence the directive power of n-BuO is 1S6 (MeO — 100). 


In order to determine the effect of the process of isolation on the 
composition of the nitration product the following experiment was 
carried out. The product (d) (1*25 g.) was dissolved in acetic acid 
(3 c.c.), cooled to 0°, and a mixture of acetic acid (3 c.c.) and nitric 
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acid (0*7 g.) added. The concentrations of the mtro-compounds 
were then exactly half of those at the end of a normal nitration, 
and dilution and washing were carried out in the normal way. 
When the last water layer had been removed, the entire process 
was repeated; the specimen was thus subjected to a process which 
should produce four times the normal change. The weight of 
re-washed oil was 1*172 g. (loss, 6*24% or 1*6% for the normal 
process). 0*5029 G. of this with 2-mtro-4-n-butoxyanisole (0*8215 g.) 
had f. p. 5*37°, m. p. 5*48°, mean, 5*42°. Hence the loss is mechanical 
and involves no change in composition. 

Crystallographic Measurements. —Mr. H. E. Buckley of the 
Crystallography Department of this University submits the follow¬ 
ing reports relating to substances described in Part III ( loc. cit.). 


Fig. 1. Fig. 2. Fig. 3. 



2-NUro-4b-7nethoxyphenoL The crystals (Fig. 1) are of a short- 
prismatic habit and deep orange colour. Symmetry : Monoclinic 
(pseudo-orthorhombic), a : b : c == 1*0234 :1: 0*5732 ; p = 90°. 
Forms developed : m(110), r(101), r^lOT), a(100), and occasionally 
Z(210), 92(120), 5(320), and *(230). 


Angles observed. Calc. 


no—lio 

91° 

21' (8) 

_ 

_ 

110—101 

70° 

V 

_ 

_ 

100—101 

60° 

44' 

60° 

45' 

110—320 

11° 

32' 

11° 

21' 

^110—210 

18° 

35' 

IS 0 

34J' 

Cleavage parallel to r(101) 

perfect. 





Double refraction appears to be very strong, the interference 
figure being practically in the plane of cleavage 101. There is a 
slight pleochroism, varying from orange through yellow to pale green. 
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'I-NitroA-ethoxyanisole (Fig. 2). Symmetry : Monoclinic [holo- 
hedral]. a : b : c = 1431:1 :1-569; p = 77° 23'. Forms devel¬ 
oped : a = 100, c = 001, r = 101, s = 101, m = 110, and p = HI 


(infrequent).' 

Angles No. 

observed, measured. 

Limits. 

Calc. 

100—001 

77° 24' 

7 

76° 

58'—77° 8' 

— 

100—110 

53° 42'" 

11 

53° 

35'—53° 58' 

— 

101—001 

35° 524' 

6 

35° 

48'—35° 56' 

— 

101—100 

41° 10* 

6 

40° 

59'—41° 16' 

41° 10' 

100—101 

55° 40' 

6 

55° 

36'—55° 47' 

55° 39' 

110—101 

70° 26' 

7 

70° 

14'—70° 34' 

70° 304' 

110—101 

63° 264' 

82° 18'" 

11 

63° 

10'—63° 44' 

63° 32' 

110—001 

8 

82° 

6'—82° 36' 

82° 26' 

001—111 

50° 57' 

3 

50° 

41'—51° 15' 

51° 10' 

2 -N itroA-n-prO'poxyanisole . 

System: 

Triclinic 

(pinacoidal). 

a : 6 : c = 0-7831 

: 1:1-030; 

a = 

92° 54', 

p = 55° 32', 

y = 87° 12'. 


Forms developed : a = 100, 6 = 010, c = 001, m = 110, r — 101, 


n = 011, % = Oil, and p = 111. The habit is often tabular on 
the 111 face (Fig. 3). 


Angular elements. 

Observed. 

No. measured. 


Limits. 


a—p (100—111) 

31° 3' 

4 

31° 

o 

L 

o 

5' 

<x—b (100—010) 

88° 33' 

3 


— 


a—c (100—001) 

55° 48' 

8 

55° 

34'—56° 

11' 

ft —p (011—111) 

31° 58' 

4 

31° 

56'—32° 

3' 

ft—6 (011—010) 

50° 35' 

4 

50° 

33'—50° 

39' 


The crystals are of considerable interest in that they exhibit 
remarkably well their anorthie optical properties. The first mean 
line, which varies a little for different colours, is nearly normal to 
111, on which the crystal is tabular, and the optic axial plane for 
the sodium yellow line is turned through practically a right angle 
from that for the mercury violet line. 

The University, Manchester. [ Received , August 20th, 1927.] 


CCCL .—Facile Ring-closure to a Derivative of Di - 
hydroi&oquinoline contrasted with the Difficulty of 
Analogous Formation of a Derivative of isoindole. 
By Jacques, Malax and Bobert Bobinson. 

Examples of the production of isoindole derivatives by a reaction 
analogous to the Bischler-Napieralski synthesis of dihydroiso- 
quinolines have not been recorded, and our own attempts to 
dehydrate aceto- and benzo-piperonylmethylamides in accordance 
with the scheme 
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have been fruitless. Such negative results are often attributable 
to various fortuitous causes, e.g., unsuitable conditions, impure or 
too pure reagents, but, in the course of some preliminary synthetical 
experiments in the isoquinoline group of the alkaloids, we encountered 
a case free from such objections, and one that proves that the 
difficulty experienced in closing the isoindole ring is not fortuitous. 
The complex formamide (I) might give either a five-membered or a 
six-membered heterocyclic ring on dehydration, but, actually, a 
substance containing the latter is the only product of the action of 
phosphoryl chloride on the amide. The constitution of the 


(I.) ch 2 <^ a 


■0/?Vch 2 -k-ch 2 -ch 2 - 


CHO 



>CH a 


quaternary ammonium salt obtained was proved by an independent 
synthesis. Interaction of methylenedioxydihydroisoquinoline and 
piperonylmethyl bromide yielded the bromide (II), which was 

CH 

(II.) CHw< Oj^ 

convertible into a picrate , pseudo-cyanide , and an anhydro-base- 
nitromethane derivative identical, each to each, with the same 
series obtained from (I). 

One of the factors controlling the direction of the ring closure 
is doubtless the field associated with the positive charge of the 
nitrogen atom, which is probably in the ammonium state under the 
conditions of the reaction. This field is evidently more intense 
over nucleus (A) than over nucleus (B), and as it should tend to 
inhibit union of the nuclear carbon with that of the -CHO group, 
itself kationoid, an adequate explanation of the formation of the 
isoquinoline derivative is forthcoming. For a similar reason, the 
formation of isoquinoline derivatives from substances of the form 
Ar*CIS 2 *C3T 2 *N*C(> should be more facile than from substances of 
the form Ar*CH 2 *N*CBL,*CO* ; provided that the carbonyl group has 
an approximately equal reactivity in each case. Several illustrative 
cases have been recorded (Mannich and Kuphal, Arch. Pharrn 1912, 
250, 539). 

Experimental. 

Piperonylmethylamine Derivatives. —Piperonylmethylamine, b. p. 
172750 mm., was obtained in 70% yield by the reduction of 
piperonaldoxime by means of zinc dust in boihng 50% acetic acid 
solution (Mannich and Kuphal, Per., 1912, 45, 314). The chloro- 
phtinaie crystallises from much hot water in orange needles [Found : 
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Ft, 27*7. (GgH^NJa^PtClg requires Pt, 27-6%]. The picrate 
crystallises from water in yellow needles, m. p. 198°. PiperonyU 
inethyltrimethylammonium iodide , CH 2 0 2 IC 6 H 3 *CH 2 , NMe 3 I, obtained 
by the action of an excess of methyl iodide on the base, crystallises 
from alcohol in minute, yellow prisms, m. p. 219° (decomp.) (Found : 
C, 41*0; H, 5-1; 1,38*7. C u H 16 0 2 NI requires C, 41-1; H, 5*0; I, 
39*2%). 

Benzylidenepiperonylmeihylamine , CH 2 0 2 IC 6 H 3 *CH 2 *N!CHPh, 

readily obtained by condensation of the base with benzaldehyde, 
crystallises from aqueous alcohol in colourless needles, m. p. 51—52° 
(Found : C, 75*5; H, 5*7. C 15 H 13 0 2 N requires C, 75*3; H, 5*4%); 
its picrate crystallises from alcohol in light yellow needles, m. p. 206°. 

2-Carbomethoxyveratrylidenepiperonylmethylamine } 

CH 2 0 2 :C 6 H 3 *CH 2 -N:CH*C 6 H 2 (0Me) 2 -C0 2 Me, 
is obtained by heating methyl opianate and piperonylmethylamine 
in molecular proportion at 150°. It crystallises from alcohol in 
flocculent masses of colourless, microscopic needles, m. p. 181° 
(Found: C, 63*2, 63*8; H, 4*8, 5*0; N, 4*1. C 19 K 19 0 6 N requires 
C, 63*8; H, 5*0; N, 4*1%). An interesting transformation of this 
substance occurs under the influence of sodium methoxide in hot 
methyl-alcoholic solution. The elements of methyl alcohol are 
eliminated and the neutral product crystallises from methyl alcohol 
in glistening, hexagonal prisms, capped with pyramids, m. p. 159° 
(Found: C, 66*1, 66*4; H, 4*9, 4*9; N, 4*5. C 18 H 15 0 5 N requires 
C, 66*5; H, 4*6; N, 4*3%). The most natural hypothesis is that this 
substance is 4:-hydroxy-5 : 6-dimethoxy-Z-piperonylisoquinolme , but its 
properties are somewhat at variance with such a view. For example, 
the action of boiling methyl iodide gives rise to an iodide , m. p. 172° 
(Found: C, 36*8, 36*3; H, 4*1, 4*0; I, 41*7; and, for instance, 
C 9 H 12 0 2 NI, piperonylmethylmethylamine hydriodide, requires C, 
36*8; H, 4*1; I, 43*3%). Evidently the molecule has been broken 
up, and this is difficult to reconcile with the zsoquinoline formulation. 
A by-product in the preparation of piperonylmethylamine is 
di(piperonylmethyl)amine, b. p. 230°/50 mm., which crystallises from 
alcohol in silky needles, m. p. 114°. The foregoing experiments 
were made by Miss B. Dobson in these laboratories in 1910. 

Acetopiperonylmethylamide crystallises from benzene in colourless 
needles, m. p. 103° (Found : C, 62*2; H, 5*3. C 10 H n O 3 N requires 
C, 62*2; H, 5*7%). Attempts to dehydrate this substance, and 
similar trials with benzopiperonylmethylamide, m. p. 117° (Mannich 
and Kuphal, loc. cit .), by means of phosphoryl chloride, phosphoric 
anhydride, sulphuric acid, zinc chloride and stannic chloride failed, 
the amides being either recovered unchanged or converted into 
dark violet substances that could not be purified. 
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It is relevant to mention here that the ring closure of phenacyl 
veratrate , C 6 H 3 (Me0) 2 *C0*0*CH 2 *C0Ph, to an isocoumarin derivative 
has been unsuccessfully attempted. The ester is obtained in good 
yield by the interaction of co-bromoacetophenone and silver veratrate 
in boiling alcoholic solution. It crystallises from alcohol in well- 
defined, elongated prisms, m. p. 122° (Found : C, 68-0; H, 5*4. 
Ci 7 Hi 6 0 5 requires C, 68-0; H, 5-3%). 

Piperonyhnethyl-$~piperonylethylamine , 

GH 2 o 2 :c 6 H3*cn 2 -m-CH a -cH 2 *c 6 H3:o 2 :cn 2 . 

—A warm solution of piperonylidene-(3-piperonylethylamine (22 g.) 
(Decker and Becker, Annalen, 1913, 395, 342) in absolute alcohol 
(500 c.c.) was added as quickly as possible through a long reflux 
condenser to sodium (35 g.) in a flask immersed in an oil-bath at 140°. 
When all the sodium had passed into solution, the mixture was cooled 
and added to water (2000 c.c.). On keeping, colourless crystals 
separated (15 g.). The base crystallises from light petroleum (b. p. 
40—60°) in needles, m. p. 53° (Found : C, 68-0; H, 5*7. C 17 H 17 0 4 lSr 
requires C, 68*2; H, 5*7%). It is readily soluble in alcohol or 
benzene. The hydrochloride is very sparingly soluble in dilute 
hydrochloric acid and crystallises from much boiling water in 
flocculent masses of colourless needles. The ?u£roso-derivative, 
obtained in the usual way, crystallised from alcohol in clusters of 
minute, colourless needles, m. p. 127—128°. The <fem£ro-derivative, 
prepared in acetic acid solution, crystallised from alcohol in colour¬ 
less, diamond-shaped plates, m. p. 134—135°. The N -formyl 
derivative was obtained by refluxing (oil-bath at 180°) a mixture 
of the base (5 g.) and anhydrous formic acid (25 c.c.) for 2 days. 
The emulsion obtained on the addition of water resolved into 
crystals and the solid was purified by trituration with dilute acetic 
acid (yield, 70%). The substance, which is readily soluble in most 
organic solvents, ciystallised with difficulty from light petroleum 
in colourless, microscopic prisms, m. p. 89—90° (Found : C, 65*8; 
H, 5*3. C 18 H 17 O s N requires C, 66*0; H, 5*2%). 

6 : l-Methylenedioxy-2piperonylmethyl-Z : 4:-dihydroisoquinolinium 
Picrate and Bromide (H).—(A). A mixture of formopiperonyl- 
methyl-p-piperonylethylamide (5 g.) and phosphoryl chloride (30 g.) 
was heated on the steam-bath for 20 minutes and then added to 
crushed ice. Picric acid (4 g.) was added to the filtered solution 
and the pasty, yellow mass of the picrate was collected and obtained 
crystalline by rubbing under alcohol. The derivative cryst allis ed 
from b oiling acetone in microscopic, transparent, yellow rhombs, 
m . p . 184—185° (yield, 7*2 g.) (Found : C, 53*4; H, 3*4; N, 10*5. 
C^HigOi!^ requires C, 53*5; H, 3*3; N, 10*4%). (B). Solutions 
of 6 : 7-methy!enedioxy-3 : 4-dihydroisoquinoline (3*5 g.) and of 
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piperonylmethyl bromide (4*4 g.) in benzene (20 c.c. each) were 
mixed and then heated for 10 minutes on the steam-bath. The 
yellow crystals (6*8 g.) deposited on cooling separated from alcohol 
in minute, yellow needles, m. p. 230° (Found: Br, 21*0, 20*4. 
C 18 H 16 0 4 NBr requires Br, 20*5%). The salt is sparingly soluble in 
water, more readily in alcohol, giving pale yellow solutions exhibiting 
a blue fluorescence. The addition of picric acid to an alcoholic 
solution gave the picrate, m. p. 184—185°, which was identified 
by direct comparison with the product obtained in (A). 

6 : l-Methylenedioxy-l-nitromethyl -2 -piperonylmethyl -1 : 2 : 3 : 4 - 
tetrahydroisoquinoline , 

CE-CH 2 *N0 2 
CH 2 (m.) 

—The carbinol from 6 g. of the above-described bromide was 
extracted with ether, the extract dried with potassium carbonate, 
and the solvent removed. All these operations should be con¬ 
ducted expeditiously. The residue was dissolved in alcohol (20 c.c.), 
and nitromethane (1 g.) in alcohol (5 c.c.) introduced. After 
heating on the steam-bath for a few minutes, the mixture was 
cooled; the crystals that separated were obtained, after three 
recrystallisations from alcohol, in short, colourless prisms, m. p. 
124—125° (Found : C, 61*5; H, 4*9. C 19 H 18 0 6 N 2 requires C, 61*6; 
H, 4*9%). The picrate was similarly treated and gave the same 
derivative with nitromethane; a mixture of the two specimens 
had m. p. 124—125°. 

6 : 7 - Methylenedioxy -1 - cyano-2 - piperonylmetkyl-1 : 2 : 3 : 4-Ze2ra- 
hydroisoquinoline (III with CN instead of CH 2 # N0 2 ).—When 
potassium cyanide is added to an aqueous solution of the bromide 
or of the chloride (derived from the picrate by addition of dilute 
hydrochloric acid and removal of the picric acid with ether), a 
curdy, white precipitate is thrown down: this rapidly becomes 
crystalline. The substance crystallises from alcohol in hexagonal 
plates, m. p. 151° (Found : C, 67*8; H, 4*8. C 19 H 16 0 4 N 2 requires 
C, 67*9; H, 4*8%), and has the properties of a pseudo-cyanide. It 
is insoluble in cold 7% sulphuric acid and, on warming, a yellow 
solution is obtained and hydrogen cyanide liberated. It dissolves 
in concentrated hydrochloric acid to a colourless solution and after 
dilution the unchanged base may be precipitated by ammonia 
On heating, however, a yellow solution is obtained. 

The University, Manchester. [ Received , July 26 th , 1927.] 
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CCCLI .—Mercury Derivatives of Acetic Acid. 

By James Ernest Marsh and Robert de Jersey Fleming 
Strtjthers. 


As is well known, some metallic acetates on being heated break up 
into acetone and the carbonate of the metal, whilst others, such as 
those of copper, silver and mercury, give no acetone but pure acetic 
acid. At about 170—180° mercuric acetate forms a well-defined, 
intermediate compound which was first described, but not analysed, 
by F. Stromeyer in 1809 (Gottingen Comment., I, 1808-1811, “ De 
Connubio Hydrargyri cum Acido Acetico.” The short paragraph 
referred to was translated in Gmelin’s “ Handbook ”). The com¬ 
pound has the composition represented by the formula C 2 H 2 0 2 Hg (I) 
(Found: Hg,77*2; C, 9*1; H, 0*9. Calc.: Hg, 77-6; C, 9-3; H, 
07%). 

Compounds of the composition C 2 H 2 0 2 Hg, and in some cases 
probably identical with Stromeyer’s, have been obtained. Sand and 
Singer (Ber., 1903, 36, 3707), by heating dry mercuric acetate with 
acetic anhydride, obtained a compound to which they gave the 

constitution (C 2 H 3 0 2 Hg) 2 C<^^^>0. 

Schrauth arid Schoeller (Ber., 1908, 41, 2090) obtained from 
mercurimalonic acid a compound to which they gave the formula 


CH 2 <g>0 


and the name “ oxyquecksilber essigsaure anhydrid.” 


The properties of this compound as described by them differ con¬ 
siderably from those of Stromeyer’s substance. Biilmann and Witt 
(Ber., 1909, 42, 2067) throw doubt on the production of this sub¬ 
stance from mercurimalonic acid. 

A substituted mercuriacetic acid of a different kind, to which he 
gave the formula HO*Hg*C(:Hg)*C0 2 M, was obtained by K. A. Hoff¬ 
mann (Ber., 1899, 32, 875) by heating mercuric oxide with sodium 
acetate in concentrated alkaline solution. 

Stromeyer gave no name to his compound, which was probablv 
the first organo-metallic compound to be discovered. We suggest 
the name mercuretin. We have found that mercuretin is formed in 
other ways than by Stromeyer’s method. It gradually separates 
(Found: Hg, 77-4; C, 8*9; H, 0*9%) when mercuric acetate is 
boiled with glacial acetic acid, and it is formed completely and at 
once on addition of acetic anhydride to such a solution (Found : 
Hg, 77*2; C, 9*2; H, 0*7%). It is known that the reaction is 
complete when a sample dissolves completely in sodium hydroxide 
solution without any yellow precipitate of mercuric oxide. 
Mercurous acetate, which is generally present in mercuretin prepared 
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by either of these methods or by Stromeyer’s, is easily removed by 
boiling water. The purified mercuretin remains white when 
treated with ammonia and gives a clear solution with sodium 
hydroxide. The formation of mercurous acetate is avoided by 
keeping the temperature as low as possible during the early stages 
of the reaction, and also when the conversion is carried out in a 
sealed tube at 190°; no permanent gas is given off in the latter 
circumstance. 

Mercuretin is not soluble in water, but it slowly dissolves with some 
decomposition in boiling glacial acetic acid. On cooling, crystals are 
obtained different from the original substance; the composition 
corresponds with the formula G 12 H 14 0 12 Hg 5 (II) (Found : Hg, 74*5; 
C, 10-4; H, 1-0. Calc.: Hg, 74-6; C, 10*7; H, 1-0%) and the 
structure may be represented by the formula 
Hg[C(C 2 H 3 0 2 Hg) 2 -C0 2 H] 2 . 

When mercuric acetate is heated with sodium acetate a different 
condensation occurs. The insoluble substance , after being washed 
free from sodium acetate and mercurous acetate, has the composition 
C 4 H 4 0 5 Hg 3 (III) (Found: Hg, 81*2; C, 6-3; H, 0-5. Calc.: Hg, 
82*0; C, 6-3; H, 0*5%). The formation and probable structure of 
this compound can be explained by supposing that the sodium 
acetate is attacked by the mercuric acetate with the formation of 
Hg[CH(C0 2 H)-HgC 2 H 2 0 2 Na] 2 and this compound by the action of 

Hg*(pH-C0 2 H 

water gives 2NaC 2 H 3 0 2 and O/ Hg 

X Hg-CH-C0 2 H 

Mercuric acetate condenses with lead acetate to give a compound 
completely soluble in sodium hydroxide. The condensation of the 
two salts may also be brought about by the addition of acetic 
anhydride to a boiling solution of the two salts in glacial acetic acid. 
The product remains dissolved in the acetic acid and is obtained by 
evaporation. Mercuric oxide (2 mols.) also condenses with lead 
acetate with elimination of water (2 mols.). 

Action of Nitric Acid .—Mercuretin dissolves readily and without 
oxidation in warm nitric acid (d 1*4). Crystals are obtained on 
cooling which, after being washed with nitric acid and dried, have 
very nearly the composition represented by the mixture 
(HgN0 3 ) 3 C-C0 2 H + (HgN0 3 ) 2 CH-C0 2 H (IV) 

(Found: Hg, 69*9; C, 3*2; H, 0*4; N, 5*3. Calc.: Hg, 70*2; 
C, 3*2; H, 0*2; N, 4*9%). 

If the solution in nitric acid is poured into water a substance is 
precipitated which, after being washed with water and dried, has 
the composition represented by the formula Hg 5 (N0 3 ) 2 C 4 G 4 (V) 
(Found: Hg, 80*2; C, 4*1; H, 0*3; N, 2-2. Calc.: Hg, 80*9; 
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r S-Q • W 2-2%) The formation of this compound is readily 
Llid by loss 7 oi nitric acid from the substances in solution : 

Hg-0-90 

(N0 8 Hg) 3 OC0 2 H 0 3 NHg-C-Hg-9-HgN0 3 

(N 0 3 Hg) 2 CH-C 0 2 H ' 6o-OHg 


Another nitrate was made by boiling a solution of mercuric 
nitrate in glacial acetic acid. The conversion was complete when 
a sample dissolved in excess of sodium hydroxide solution without 
any precipitation of mercuric oxide. The substance crystallised on 
cooling and had the composition represented by the formula 
TTcr /NO ) C H«O a (VI) (Pound: Hg, 73*8; C, 3*4, H, 0 3, N, 3 . 

H.0-15; N.4-1%). We suggest for it the 

5t "S is .owe neite in -monin 

uor in ammonium acetate, but it dissolves easily m a mixture of 
the two. On evaporation a nearly white powder is obtained which 
is not soluble in water but is easily dissolved by an a ^ eous 
of ammonium acetate and ammonia. After being washed.withiwatei 
and dried, the substance had the composition represented by the 
formula C 6 H 5 0 6 NHg 5 (VII) (Found: Hg, 8 S3-15 °> * 0 o ’. H , ^ 
N, 1-3. Calc.: Hg, 84-0; C, 6-0; H, 0-4; N, 1-2 / 0 ). This 
compound may be represented as formed by thereplacement of two 
C 2 H 3 0 2 groups in Hg 5 C 10 H 10 O 10 by the group . 

Conclusion.— We think that Stromeyers compound, which we 
have called mercuretin, has the molecular formula Ci 0 ±i 10 U 10 lig5. 
In support of this view, we have the persistence of five mercury 
atoms in the two nitric acid derivatives (V and VI), in the compound 
(XI) and in the ammonia derivative (VII). The removal of some of 
the’acetic groups by nitric acid and the easy removal of two acetic 
groups by the action of ammonia indicate that two of the five 
acetic groups are much less firmly held than the other three. Thus 
the formula C 6 H 4 0 6 Hg 3 (HgC 2 H30 2 ) 2 is indicated. We suggest for 
mercuretin accordingly the structure 

Hg-C^HA Hg‘C 2 H 3 0 2 

/CH—Hg—CH\ 

CO-O-Hg-CH-Hg-O-CO 

C0 2 H 

and this structure explains readily the simple relationship between 
mercuretin and substance II, and also its feebly acid nature. 

TJ^-ivebsity Museum, Oxfobd. [Received, September 13th, 1927.] 
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CCCLII .—The Two o-Cyanocinnamic Acids . 

By William Davies and Harry Gordon Poole. 

Although the two theoretically possible stereoisomeric forms of 
o-cyanocinnamic acid exist, only one form of o-carboxycinnamic 
acid is known, and this is obtained when either of the cyano-acids 
is hydrolysed (Edwards, J., 1926, 816). It gives the lactone of 
P-o-carboxyphenylhydraerylic acid on heating or on treatment with 
dehydrating agents, and attempts to prepare the true anhydride 
failed. 

The o-cyanocinnamic acid melting at 256° can be obtained in 
36% yield by heating the sodium salt of l-nitroso-2-naphthol with 
a solvent of suitable boiling point, whereas with the use of sand as 
diluent (D.R.-P. 116,123) the yield is not more than 5% (Gabriel, 
Ber., 1916, 49, 1611). The o-cyanocinnamic acid melting at 137° 
has been prepared after D.R.-P, 411,955 by the action of ^-toluene- 
sulphonyl chloride on l-nitroso-2-naphthol in the presence of aqueous 
alkali. During a large-scale preparation in which the heating during 
evaporation was very prolonged, an appreciable quantity of aceto- 
phenone-o-carboxylic acid was produced, possibly owing to the 
following changes in the CHICH*C0 2 H group of the carboxycinnamic 
acid formed by hydrolysis of the cyanoc inn amie acid initially pro¬ 
duced : •CH:CH*C0 2 H —> -C(0H):CH-C0 2 H —> *coch 2 *co 2 h 

—> *COCH 3 . It is, however, not clear whether the atmosphere 
or part of the nitrosonaphthol is the oxidising agent, and this 
abnormal reaction will be further examined. 

Experimental. 

The Preparation of o-Gyanocinnamic Acid (m. p. 256°).—A series 
of experiments was carried out with ^-cymene, o-nitrotoluene, and 
nitrobenzene as solvents and the following process was found satis¬ 
factory. The dry, finely powdered sodium salt of l-nitroso-2- 
naphthol (20 g.) and nitrobenzene (120 c.c.) were heated at 205° 
for 2 hours. The dark mixture was shaken with a warm aqueous 
solution of sodium acetate, and the aqueous portion was boiled with 
animal charcoal and acidified with hydrochloric acid; the buff- 
coloured precipitate obtained (yield, 6-J- g. or 36%) crystallised from 
nitrobenzene in colourless needles, m. p. 256° (decomp.). 

This o-cyanocmnamic acid sublimes almost un changed at 225°/ 
1 mm. It is not attacked by cold concentrated sulphuric acid 
exposed to air, and no trace of an acid amide is formed on pro¬ 
longed standing. Hydrolysis with concentrated aqueous alkaline 
solutions gives a large quantity of tar and only a small amount of 

■' ilv;% 
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o-carboxy cinnamic acid (m. p. 184°). The identity of this carboxy- 
cinnamic acid with that from o-cyanocinnamic acid (m. p. 137°) was 
proved by the method of mixed melting points. 

Preparation of o-CyanodHocinriawiic Acid (m. p. 137°) after D.R.-P. 
411,955.—To a solution of l-nitroso-2-naphthol (from 50 g. of 
p-naphthol *) in aqueous sodium hydroxide [45 g. (3J mols.) in 1 L] 
at 75°, p-toluenesulphonyl chloride (65 g.) was added all at once. 
The temperature was then rapidly raised to 100° and maintained 
for 15 minutes; a vigorous reaction began at 85°. Some tar was 
filtered off when cold, and after acidification a large, orange-yellow 
precipitate settled out. When this was crystallised from hot water, 
15 g. of cyanocinnamic acid (m. p. 137°) were obtained, and sub¬ 
sequently 6 g. of a yellow, granular material, 

Acetophenone-o-carboxylic Acid. —In a preliminary experiment 
(l-nitroso-2-naphthol from 200 g. of (3-naphthol; 10 1. of water; 
3J mols. of sodium hydroxide; 320 g. of p-toluenesulphonyl chloride) 
the procedure was as described above. After the 15 minutes’ 
heating at 100°, the mixture was rapidly cooled to 40° with ice. 
A large amount of a green substance like the sodium salt of nitroso¬ 
naphthol was left. The filtrate from this was evaporated to 4| 
litres, and the green substance (assumed to be the sodium salt of 
nitrosonaphthol) then added together with the requisite amounts of 
sodium hydroxide and toluenesulphonyl chloride. The mixture 
was kept at 100° for 15 minutes, and on cooling, a green precipitate 
was again formed. The filtrate when acidified with hydrochloric 
acid gave much tar, and after the removal of this the solution was 
again made alkaline with sodium hydroxide solution; a dark sub¬ 
stance slowly separated from the deep red solution. This solution 
was concentrated and acidified with hydrochloric acid, whereby, 
instead of o-carboxycinnamic acid, a deep red oil was produced. 
This was extracted with ether, the ether removed, and the pasty 
residue crystallised from water, 20 g, of crude crystalline aceto¬ 
phenone-o-carboxylic acid being obtained. This crystallised from 
benzene in colourless prisms, which melted at 114—115° and had 
a sweet taste (Found : equiv., 165*4; M , by East’s method, 163,171; 
H, 5*2. Calc, for C 9 H 8 0 3 : equiv. and M, 164; H, 4*9%) (compare 
Gabriel and Michael, Ber., 1877, 10, 1554. Rule and Smith, J., 
1926, 556, record m. p. 112°). The oxime crystallised from alcohol 
in colourless needles, m. p. 156—157°, and the p-nitrophenylhydrazone 
in minute, yellow, felted needles, m. p. 211°. The phenylhydrazone 

* /3-Naphthol is zdtrosated in about 85% yield after Lagodzinski and 
Hardine (Ber., 1894, 27, 3075), and is most conveniently used moist. The 
nitrosonaphthol is difficult to dry completely, and the sodium salt when dry 
is very sternutatory. 
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is too soluble in water to be a convenient derivative for identification. 
The acid was smoothly converted into phthalic acid by oxidation 
with permanganate solution. 

Properties and Derivatives of o- Cyano&Qocinnamic Acid. —On 
being heated slightly above its melting point under 1 mm. pressure, 
this acid distils with some decomposition. The oily distillate, 
which has the odour of styrene, contains the isomeric o-cyano- 
cinnamic acid, m. p. 256°. The aZfo-acid is easily hydrolysed to 
the corresponding dicarboxylic acid (m. p. 184°). 

o-Cyanoailocinnamyl chloride is best prepared by heating the 
corresponding acid with a slight excess of thionyl chloride for 1 
hour; the excess of thionyl chloride is then removed in a vacuum. 
The residual acid chloride crystallises from petroleum (b. p. 120°) 
in colourless needles, 2 cm. long (Found: Cl, 18*4. C 10 H 6 ONC1 
requires Cl, 18*5%). It melts at 50°, and is extremely soluble in 
benzene, ether, or dichloroethylene, and sparingly soluble in cold 
light petroleum. Ethyl and methyl alcohol convert it into the 
ethyl and methyl esters of the lactone of P-o-carboxyphenylhydr- 
acrylic acid (Roth, Ber., 1914, 47, 1598), m. p. 76° and 62°, 
respectively. 

The authors wish to thank Mr. F. C. Woods, M.Sc., for assistance 
in preparing the o-eyanocinnamic acid of m. p. 256°. 

Melbourne University, Australia. [Received, April 20th, 1927.] 


CCCLIII .—Beryllium Dialkyls. 

By Henry Gilman and F. Schulze. 

In continuation of studies on organoberyllium halides (Gilman, 
J . Amer. Chem . Soc ., 1925, 45, 2693; see also Durand, Oompt. 
rend., 1926,182, 1162) it was necessary to prepare some beryllium 
dialkyls for comparative purposes, inasmuch as the two classes of 
compounds appear to be interconvertible. 

Cahours (Ann. Chim. Phys 1860, 58, 22) claimed to have pre¬ 
pared beryllium diethyl by heating the metal with ethyl iodide in a 
sealed tube. Later (Gompt. rend., 1873, 76, 1383. Cahours’s work 
on beryllium dialkyls has been discussed by Frankland, J., 1861, 
13, 181, 194) he reported the preparation of beryllium diethyl and 
beryllium dipropyl by heating the metal with the corresponding 
mercury dialkyls in a sealed tube at 130°. It is highly probable that 
Cahours’s work on beryllium diethyl is incorrect* His beryllium 
diethyl was distilled in an atmosphere of carbon dioxide and boiled 
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at 185—188°. We have found that beryllium diethyl not only 
reacts with carbon dioxide, but also boils at a much higher temper¬ 
ature range (with decomposition) than that reported by Cahours. 
Furthermore, we had no success in the preparation of beryllium 
diethyl and beryllium di-?i-butyl from the mercury dialkyls as 
recommended by Cahours. Incidentally, Cahours incorrectly 
described magnesium diethyl as a liquid, inasmuch as it is a solid 
(Gilman and Schulze, J. Amer. Chem. Soc ., 1927, 49, 2328). 

Lavroff (J. Buss. PJiys. Chem . Soc., 1884,16, 93; Bull. Soc. chim ., 
1884, 41, 548) very briefly mentioned the preparation of beryllium 
dimethyl by the action of beryllium on mercury dimethyl in a sealed 
tube at 130°. We have found no further mention of his work. 
Despite the very meagre detail in his preliminary communication, 
it is quite probable that he did have beryllium dimethyl. 

Krause and Wendt (Ber., 1923, 56, 467, footnote 2) state that 
beryllium dialkyls may be prepared by the reaction between beryllium 
chloride and an excess of Grignard reagent. 

Experimental. 

Several unsuccessful attempts were made to prepare beryllium 
diethyl and beryllium di-n-butyl from finely crushed beryllium 
and equivalent quantities of the corresponding mercury dialkyls. 
No evidence of reaction was obtained when the mixtures were kept in 
sealed tubes for 3 weeks at room temperature; when they were heated 
for 3 weeks at 90°, some free mercury was formed, and heating for 15 
hours at 130°, 175°, 200°, and 225° apparently induced only decom¬ 
position of the mercury dialkyls; in no case was there evidence of 
the formation of beryllium dialkyls. 

Beryllium diphenyl and beryllium di-p-tolyl may be readily 
prepared by heating beryllium with equivalent quantities of mercury 
diphenyl and mercury di-p-tolvl and a trace of mercuric chloride 
in sealed tubes at 225° for 6 hours. 

In the experiments with mercury dialkyls, no mercuric chloride 
was added. Other studies (Gilman and Schulze, be. cit.) have 
shown that mercuric chloride is an almost indispensable catalyst 
in the preparation of some metallic dialkyls, like magnesium diethyl. 
No attempt was made to prepare beryllium dimethyl from beryllium 
and mercury dimethyl. It is quite reasonable to assume that traces 
of some mercuric halide were contained in the materials used by 
Lavrofi. The beryllium used in the present studies was obtained 
from the Beryllium Corporation of America and contained more 
than 99-5% of beryllium. 

It is possible to prepare beryllium dialkyls by heating ber yllium 
with the appropriate alkyl halides, an alkylberyllium halide being 
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an intermediate product. Here, again, mercuric chloride is a very 
helpful catalyst. 

However, it appears that the most convenient method for the 
preparation of beryllium dialkyls is the reaction between anhydrous 
beryllium chloride and the appropriate Grignard reagent. We have 
prepared beryllium dimethyl, diethyl, and di-w-butyl by this 
method. 

Preparation of Beryllium Dialhyls .—Because of the highly hygro¬ 
scopic nature of anhydrous beryllium chloride and the ready decom- 
posability of beryllium alkyls and the Grignard reagent by air, all 
operations were carried out in pure dry hydrogen or nitrogen, 
admitted through the tube A. Anhydrous beryllium chloride 
(8 g.; 0*1 g.-mol.) is dissolved 
in 50 c.c. of anhydrous ether, 
cooled by running water. The 
filtered oily solution, which may 
be either colourless or pale 
yellow and separates into a 
lower layer of beryllium chloride 
etherate and an upper layer 
consisting largely of ether, falls 
directly into 75 c.c. of 4A1- 
magnesium methyl iodide (0*3 
g.-mol.) contained in a 250 c.c. 
flask, B, the Grignard solution 
being gently shaken during ad¬ 
dition. There is little heat of 
reaction if the beryllium chlor¬ 
ide solution is pure and 
anhydrous. The formation of 
white clouds on the surface of 
the reaction mixture is indicative of the presence of air or oxygen. 

The excess of ether is removed by stopping the circulation of 
water in the condenser, C } until the oil-bath attains a temperature 
of 150°. The water is then turned on slowly in order to prevent 
a too sudden contraction (due to the condensation of ether) that 
might draw air into the condenser and receiving flask. Distillation 
is continued at 150—200° for 6 to 15 hours, so long as an ethereal 
solution of beryllium dimethyl collects in the receiving flask, D. 
Heat radiating from the oil-bath is sufficient to keep the temperature 
of the receiver above the boiling point of ether and thereby prevent 
the condensation of more ether than is necessary to hold the beryllium 
dimethyl in solution. The distillation may be continued over¬ 
night, as it requires no attention. Should the ether be driven out 
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completely from the distilling flask, B } so that no more ether vapour 
circulates, it is necessary merely to heat the receiver gently to 
return the ether to flask B. Such heating should be moderate, 
otherwise some of the beryllium dimethyl will be driven back into 
B and so extend the time of recovery of the compound. 

The ethereal solution of beryllium dimethyl obtained in this 
maimer is clear and colourless (when care has been taken to exclude 
air), and it may be used directly in a study of the reactions of the 
compound. When not in use, it is kept preferably in sealed glass 
containers. Pure, ether-free beryllium dimethyl is obtained by 
heating the distillate. At about 100—125°, most of the ether is 
expelled and the whole solution suddenly turns to a mass of white 
needles containing some ether, which may be removed by heating 
to 200°. At 200° (external temperature), the compound commences 
to sublime rapidly, and part of it solidifies in the capillary when a 
constricted test-tube is used for the collection of ether-free samples. 
However, the capillary can be kept open prior to sealing by applying 
a small luminous flame. A repetition of this process of distillation 
in a sealed U-tube arrangement originally filled with ether vapour 
makes it possible to obtain material free from oxide or methoxide by 
alternately heating and cooling each part of the U-tube. The 
samples used for analysis were prepared in this manner. 

3*5 G. (90% yield) of beryllium dimethyl were obtained from 
0*1 g.-mol. of beryllium chloride; with 0*3 g.-mol., the yield was 
84-7%. 

Beryllium diethyl and di-n-butyl were prepared in essentially the 
same way as beryllium dimethyl. However, it is possible to distil 
beryllium diethyl and di-tt-butyl directly in a vacuum. Because of 
the higher vapour pressure of beryllium di-ft-butyl, it would probably 
be more advantageous to use a vacuum distillation rather than the 
ether distillation or ether sublimation process used for the dimethyl 
compound. 

Amtym of Beryllium Dimethyl .—After being weighed, one of the 
sealed tubes, containing beryllium dimethyl prepared by distillation 
at 200°, was broken in a vessel filled with dry ether, and the volume 
of methane liberated on the addition of water and then dilute 
hydrochloric acid was measured in a special eudiometer containing 
concentrated sulphuric acid. An aliquot portion of the evolved 
gas, when exploded with a measured volume of oxygen, was shown 
to consist of pure methane. 

The beryllium was analysed as beryllium oxide after careful 
removal of the glass, which was weighed to determine the weight 
of beryllium dimethyl originally present in the sealed container 
[0*1501 g. of beryllium dimethyl gave 173*2 c.c. (corr.) of methane 
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and 23*33% of beryllium. Calc.: 1714 c.c. and 23*25%. 0*1771 G. 
gave 200*7 c.c. of methane. Calc.: 202*2 c.c.]. 

Properties of Beryllium Dialkyls .—Beryllium dimethyl crystallises 
from hot concentrated ethereal solution in snow-white needles (see 
Preparation). It is also deposited in the same form when it sub¬ 
limes, without melting, at about 200°. The method of preparation 
is based on its high volatility in ether, and these ethereal solutions 
fume strongly when exposed to the atmosphere. When suddenly 
overheated, it undergoes partial decomposition, leaving a brown or 
grey mirror. 

Beryllium diethyl is a colourless liquid, b. p. 93—95°/4 mm. and 
110°/15 mm. It distils between 180° and 240° at atmospheric 
pressure with considerable decomposition. The compound is only 
distilled with difficulty because of its pronounced tendency to 
become superheated and then break suddenly into foam. This 
may be due to the decomposition of an etherate. A part of the 
purest material solidified, in a carbon dioxide-ether freezing mixture, 
to white crystals which on warming melted at —13° to —11°. 

Beryllium di-w-butyl is a clear, colourless liquid having a mer¬ 
captan-like odour. The boiling point, 170°/25 mm., was determined 
with a rather small quantity of material and so may not be taken 
with too much credence. 

Both beryllium dimethyl and diethyl are spontaneously inflam¬ 
mable in the air, and especially so in a humid atmosphere. Even 
concentrated ethereal solutions are inflammable spontaneously in 
the presence of moist air. The compounds bum with luminous 
flames, evolving dense white fumes of beryllium oxide. Their very 
high sensitivity to oxygen made it difficult, at first, to purify the 
hydrogen or nitrogen to such an extent that it would not give a white 
cloud of beryllium oxide when passed over the ethereal solutions 
of the dialkyls. For this reason, a magnesium phenyl bromide 
solution was inserted in the drying and purifying train in order to 
remove a residuum of oxygen. Beryllium di-n-butyl is not spon¬ 
taneously inflammable when exposed to the air. But it does 
oxidise rapidly, when so exposed, with the evolution of heat. Very 
probably, beryllium butyloxide is a product of such oxidation, 
inasmuch as the odour of w-butyl alcohol becomes quite pronounced 
after a short air exposure. 

The reaction of the dialkyls with water is violent, and in the 
presence of small amounts of water the materials frequently inflame. 
Methane and ethane are evolved when the corresponding dialkyls are 
decomposed by water. 

Beryllium dimethyl in the solid state inflames when treated with 
carbon dioxide. With an ethereal solution, however, the reaetic^ 
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is quite mild and acetic acid is formed. An ethereal solution of 
beryllium diethyl reacts with carbon dioxide to give triethylcarbinol. 

Phenylcarbimide in ethereal solution reacts with extreme violence 
with the three dialkyls studied. In each case, a white solid separated 
at first, and then dissolved in the excess of beryllium dialkyl. The 
expected anilides were obtained, the valeranilide as an oil. This 
anilide is known to crystallise with difficulty, so that its identity 
has not been confirmed, as was done with the other two anilides, 
by a mixed-melting point determination with an authentic specimen. 
Aceto-a-naphthalide was obtained from beryllium dimethyl and 
a-naphthylcarbimide. 

The three dialkyls give an immediate positive colour reaction* 
with Miehler’s ketone according to the test described by Gilman 
and Schulze (J. Amer . Chem. Soc., 1925, 47, 2002) for RMgX and 
some other organometallic compounds. The blue instead of green 
colour given by beryllium di-n-butyl indicates that this dialkyl 
probably reduced the ketone to Michler’s hydrol ( loc . cit.). 

Beryllium dimethyl with benzophenone gave diphenylmethyl- 
earbinol, which was identified as a a - diphenylethylene. Beryllium 
diethyl, on the other hand, reduced benzophenone to benzhydrol. 
In the latter reaction, a bright orange-red colour was present 
transitorily at the junction of the two liquids. This may be indica¬ 
tive of the intermediate formation of a free radical. 

Beryllium dimethyl with benzoyl chloride gave phenyldimethyl- 
earbinol, and this was identified by the formation of isopropenyl- 
benzene when the carbinol was distilled. The reaction product 
was probably free from acetophenone as indicated by a test with 
semicarbazide. 

The beryllium dialkyls appear to have high solvent characteristics, 
for all the intermediate reaction products dissolved in an excess of 
the dialkyl. Equally striking is the fact that beryllium diethyl 
dissolved the beryllium oxide and ethoxide formed by partial 
decomposition of the dialkyl, as well as the brown or grey mirror 
formed by the high-temperature decomposition of the dialkyl. 

Beryllium dimethyl and diethyl react vigorously with iodine. 
When 1-343 g. of beryllium dimethyl were treated with 1 equiv. 
(4-353 g.) of iodine, the solution still contained some dialkyl, as 
was evidenced by the fuming on air exposure and by a slight positive 
test (Gilman and Schulze, he. cit.). After standing for several days 
in a cork-stoppered flask, the solution no longer fumed and gave a 
negative test. Very probably beryllium methyl iodide was formed 
as a result of the iodine reaction, because the solution gave 
acetanilide on treatment with phenylcarbimide, and when heated 
it fumed and gave a positive test. These are among the criteria 
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included for the characterisation of beryllium alkyl halides (Gilman 
and Schulze, J. Amer. Chem. Soc., 1927, 49, Nov.). 

Beryllium diethyl reacts with an excess of an ethereal solution of 
beryllium chloride to give a solution with the characteristics of 
beryllium ethyl chloride. In view of these latter experiments, the 
following equilibrium is probable under certain conditions : 

BeB 2 + BeX* ^ 2RBeX. 

In general, the beryllium alkyl halides are less active than the 
beryllium dialkyls, and the beryllium dialkyls are at least equal in 
activity to the Grignard reagents. 

Iowa State College, 

Ames, Iowa, U.S.A. [Received, Avgust 2nd, 1927.] 


CCCLIV .—The Thermal Dissociation of Strontium 
Carbonate . 

By Edward Oswald Jones and Maurice Lund Becker. 

During their work on the effect of temperature and pressure on 
the progress and equilibrium of certain reactions, the authors were 
faced with the problem of devising a suitable means by which the 
composition of a gas phase consisting of carbon monoxide and 
dioxide could be readily determined at any instant. It occurred 
to one of them (E. 0. J.) that a suitable method of attack would 
be to fix the partial pressure of the carbon dioxide by maintaining 
the gas phase in contact with a carbonate heated to a known tem¬ 
perature. The pressure of this gas would be the dissociation 
tension of the carbonate for that particular temperature, and by 
subtraction from the total pressure of the system the partial pressure 
of the monoxide could be found. 

The alkaline-earth carbonates naturally suggested themselves 
as being suitable materials for the purpose, and a study of the 
literature led to the selection of strontium carbonate. The only 
work on the dissociation tension of this carbonate at different 
temperatures to which reference could be found was that of Pott 
(Diss., Freiburg, 1905; see also Mellor, “ Treatise on Inorganic 
and Theoretical Chemistry,” III, 655). Two other workers, Brill 
(, Z . anorg. Chem., 1905, 45, 275) and Hedvall (ibid., 1916, 98, 47), 
record determinations of the temperature at which the tension 
attains 1 atm. Unfortunately, their work is not in good agreement 
with that of Pott, and it was further noted that Pott’s curve is of 
quite a different shape from those given for calcium and barium 
carbonates, and actually cuts the first of these two curves. It 
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vas thought advisable, therefore, to make a series of determinations 
of the dissociation tension of strontium carbonate at different 
temperatures in the same apparatus and under the same experi¬ 
mental conditions as those in which it was proposed to use this 
material for carbon dioxide-pressure control. 

During the course of the investigations, two distinct types of 
apparatus were employed. These are diagrammatically represented 
in Figs. 1 and 2. The first was designed for use where it was neces- 


Fig. 1. 



Apparatus No. 1. (Diagrammatic.) 


sary to keep the carbonate separate from the other reactants with 
the gas phase, and where independent temperature control, both 
of the reactants and of the dissociating carbonate, was desirable. 
The second, which is simpler, was utilised when the above-mentioned 
limitations did not apply. 

Apparatus 1 consists essentially of a long porcelain tube (800 
mm. x 18 mm. internal diameter) heated by two independently 
controlled electric resistance furnaces. The ends of the tube 
were closed by glass caps hermetically sealed to the heating tube 
by white wax. Each of these caps had a small-bore extension to 



THE THERMAL DISSOCIATION OE STRONTIUM CARBONATE. 2671 

take the thermocouple sheath, and one of them was also provided 
with a side tube which gave connexion to the manometer, evacu¬ 
ating pump, gas holders, etc. The Vitreosil thermocouple sheaths 
were sealed into the extension tubes of the caps by means of white 
wax, and it was also found advisable to close the open ends of 
these sheaths with wax, since, after being maintained at high 
temperatures for a considerable time, they developed slight porosity 
at the heated end, due to devitrification. Heat-insulating plugs, 
made of kieselguhr bonded with a small proportion of sodium 
silicate, were placed in the furnace tube to lessen heat radiation 

Fig. 2. 



Apparatus No. 2. (Diagrammatic.) 


and to provide zones of uniform temperature. A boat containing 
phosphorus pentoxide, placed at one end of the tube, served to 
absorb all the water vapour. 

Apparatus 2 is essentially a small, transparent silica bulb of 
about 10 c.c. capacity fused to a silica tube (30 mm. X 5 mm.), 
the other end of which is sealed by white wax into a glass T-piece. 
This serves to accommodate a small container for phosphorus 
pentoxide and to give connexion to the manometer, etc. A small 
resistance furnace, which may be raised or lowered, serves to heat 
the bulb to the required temperature, which is measured by a 
thermocouple in contact with the bulb wall. 

This second form of apparatus is more suitable for measuring 
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dissociation tension, since equilibrium conditions are attained much 
more rapidly as a result of its small volume and its relatively larger 
carbonate content. Nevertheless, since it was necessary to use 
the first form of apparatus for some of the investigations, it was 
considered desirable to study the thermal dissociation of the carbon¬ 
ate in both forms of apparatus as a matter of precaution and for 
the sake of calibration. The results obtained were found to agree 
within the limits of experimental error, and this concordance is 
considered good presumptive evidence of the correctness of the 
values obtained. 

The experimental details were essentially the same for each type 
of apparatus. A sufficient quantity of pure strontium carbonate 
(about 1 g. in the case of the bulb, and 4—5 g. in a porcelain boat 
in the case of the tube) having been introduced, the apparatus 
was hermetically sealed and then evacuated by means of a “ Cenco 
Hyvac 55 pump. The temperature was now raised gradually to 
about 600°, during which time the evolved gases (largely water 
vapour) were removed at frequent intervals by pumping. When 
no more gas appeared to be given off, the temperature was raised 
to 1000° and maintained at this value for about 12 hours. During 
this time the pressure increased gradually, due probably to further 
expulsion of occluded gas and to a slow reaction between the 
carbonate and the silica walls of the bulb where contact occurs, 
whereby carbon dioxide was liberated. The apparatus was then 
evacuated rapidly, the tap to the pump closed, and the pressure 
allowed to attain a steady value. This was lower than the initial 
one obtained and the process was repeated as often as was necessary 
to obtain two consecutive equal values for the gas pressure. This 
procedure ensured (a) removal of all occluded gas, and (b) the 
presence of more strontium oxide than that equivalent to the 
carbon dioxide liberated by the slow reaction already mentioned. 
That this is so is shown by the fact that, on allowing the furnace 
to cool to 600°, the resulting vacuum was of a higher order than 
could be obtained by the pump alone, i.e., less than 0*05 mm. 

The apparatus was now ready for use. The strontium carbonate 
was slowly heated, and pressure and temperature readings were 
taken. In the case of the bulb apparatus, the rate of heating was 
sufficiently slow to ensure that the pressure corresponding to a 
given temperature was the equilibrium pressure until about 900° 
had been reached. Beyond this temperature, the furnace was 
allowed to reach a steady state before readings were taken. In 
the case of the tube furnace, the method of allowing the furnace 
to reach a steady temperature was practised from the beginning, 
as the gas evolution involved was so much larger. 
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The temperature was measured by means of carefully calibrated 
thermocouples and is considered accurate to within ± 3°; pressures 
less than 10 mm. were read by means of a cathetometer to within 
± 0*05 mm.; higher pressures were read directly on a metre scale 
fixed alongside the manometer. This gave readings to within 
± 0*5 mm., which is as close as is justified by the accuracy of the 
temperature measurements. 

Values of the dissociation tension for given temperatures were 
obtained on both ascending and descending temperature scales and 

Fig. 3. 


Dissociation of strontium carbonate. 



Temperature °C. 


further checked by haphazard alteration of the temperature; the 
concordance was good. In view of this agreement, there is no 
need to quote more than one set of results. Those obtained by 
one of the authors (M. L. B.) are recorded in Table I (in mm. Hg) 
and shown graphically in Big. 3. 


Table I. 


Temp. 

p, obs. 

p , calc. 

Temp. 

Pt obs. 

Pi calc. 

689° 

0*1 

0*07 

975° 

21 

21*5 

708 

0*3 

0*12 

984 

25 

24*5 

756 

0-5 

0*35 

1020 

42 

42 

775 

0*6 

0*55 

1027 

47*5 . 

47 

835 

1*7 

1*85 

1059 

72*5 

72 

846 

2*2 

2*3 

1070 

84 

84 

869 

3*6 

3*5 

1081 

95 

97 

896 

6*0 

5*8 

1090 

111 

110 

913 

8*8 

7*8 

1103 

123 

130 

958 

16*0 

16*3 
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The dissociation tensions of calcium and barium carbonates 
determined by various workers have been found to fit closely to 
curves of the form 

log^-log 

where p x and p 2 are the pressures (mm. Hg), T x and T 2 the absolute 
temperatures, and K is a constant. It was of interest, therefore, 
to see whether the dissociation of strontium carbonate could be 
similarly expressed. If the value of the dissociation tension at 
928° be taken as 10 mm. and K as 1*05 X 10 4 , then the values of 
the carbon dioxide pressure for other temperatures can be calculated. 
The resulting graph, as will be seen, agrees very satisfactorily with 
the observed values over the entire range investigated. Table II 
gives calculated values of the dissociation pressure for temperature 
increments of 50°. 


Table II. 


Temp. 

p, mm. 

Temp. 

p, mm. 

Temp. 

p, mm. 

650° 

0-023 

900° 

6*19 

1150° 

231 

700 

0*090 

950 

14*36 

1200 

411 

750 

0*30 

1000 

31-22 

1258 

760 

800 

0-91 

1050 

63-98 

1300 

1167 

850 

, 2-47 

1100 

124*5 




It has already been pointed out that good concordance existed 
between the results obtained in the different apparatus, and further 
confirmation, particularly of the lower values as corrected to the 
calculated curve, is given by later work on the C-C0-C0 2 equilibrium 
where the carbon dioxide pressure is controlled by means of strontium 
carbonate. The values of the equilibrium constant thus determined 
for this system at different temperatures lie closely on Tigerschiold’s 
curve (Jernkontorefs Annaler, 1923, 67; see also Johansson and 
von Seth, J . Iron and Steel Inst,, 1926, 114, 313) which correlates 
satisfactorily the work of Boudouard (Ann. OJtim. Phys 1901, 24, 
5), Schenck (Ber. y 1905, 38, 2139), and Rhead and Wheeler (J., 
1910, 97, 2178) on this equilibrium. This agreement justifies the 
acceptance of the results, and, in particular, the validity of the 
formula for calculating the dissociation tension in the lower 
temperature range. 

The authors’ value for the temperature at which the dissociation 
pressure is equal to 1 atm. is approximately 100° higher than those 
reported by Brill ( loc . cii.) and Hedvall (loc. cit.). Although the 
authors 5 result has been obtained by extrapolation of the curve, 
whereas the others have experimental basis, it is regarded as more 
accurate for the following reasons, (a) Brill noted the temperature 
at which loss of weight just occurred from calcium carbonate in a 
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carbon dioxide atmosphere of approximately 760 mm. pressure, 
and obtained a value 75—100° lower than those recorded by other 
workers who measured the actual dissociation tension. This dis¬ 
crepancy for calcium carbonate is of the same order as the difference 
between Brill’s result for strontium carbonate and the one put 
forward in this paper. 

(b) Hedvall, who used the thermal arrest in the heating curve 
for fixing the dissociation temperature, gives 1141° as the tem¬ 
perature at which carbon dioxide evolution commences. It is of 
interest, however, that he quotes 1255° (only 3° different from the 
value put forward by the authors) as the temperature at which 
carbon dioxide evolution becomes rapid, and further states that 
a small quantity of strontium carbonate was not completely decom¬ 
posed on being heated for 5 minutes at temperatures between 1141° 
and 1255°. 

The authors’ curve lies wholly between the accepted curves for 
calcium carbonate (Johnston, Z. physiJcal. Ghem ., 1908, 62, 330; 
J. Aimer. Chem. Soc ., 1910, 32, 938) and barium carbonate (Finkel- 
stein, Ber ., 1906, 39, 1585), thus differing from that of Pott. It is 
suggested that the higher values obtained by Pott in the lower 
temperature range are due to the absence of sufficient oxide phase to 
absorb the excess carbon dioxide liberated by some such slow carbon¬ 
ate-silica reaction as was noticed by the authors in their work. At 
higher temperatures, where the extent of dissociation involves the 
production of larger quantities of strontium oxide, this source of 
error tends to disappear, and it is of interest to note that Pott’s 
results for 1256° and 1263° (744 mm. and 785 mm., respectively) 
would lie satisfactorily on the extrapolated portion of the authors’ 
curve. 

In view of the fact that Finkelstein (loc. cit.) obtained evidence of 
the formation of a basic barium carbonate (BaO,BaC0 3 ), the authors 
sought for indications of a similar basic strontium carbonate. When 
the dissociation tensions at 1000° and 1100° were being measured, 
a known volume (approximately one-sixth of the available carbon 
dioxide) was drawn off and the system allowed to return to equi¬ 
librium. The resulting pressure was the same as in the initial 
determination. This process was repeated until six withdrawals 
had been made. In every case, except the last, the pressure 
returned to the recorded equilibrium value, whilst on the last 
occasion the pressure only rose a few mm., showing that the solid 
phase was now wholly the oxide. This series of experiments shows 
that over the range 15—85 mols. % of strontium oxide the solid 
phase does not change in character, and therefore affords no evidence 
for the existence of a basic carbonate under these conditions, 
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CCCLV .—A New Stereoisomeride (trans-) of Hexa- 
hydrocarbazole . 

By John Gurney, William Henry Perkin, jun., and 
Sydney Glenn Preston Plant. 

During the course of experiments on octahydroacridine, Perkin 
and Sedgwick (J., 1924, 125, 2437) showed that this substance 
exists in two stereoisomeric, externally compensated modifications, 
namely (A), m. p. 82°, and (B), m. p. 72°, and these they subsequently 
resolved {J., 1926, 438) each into its optically active components. 
In the earlier paper, it was pointed out that hexahydrocarbazole also 
should exist in two analogous stereoisomeric forms, which may be 
represented thus : 



and it was proposed to investigate this point. 

Hitherto only one form of hexahydrocarbazole (m. p. 99°) has 
been described. Although this substance has been obtained by the 
reduction of carbazole under various conditions (Graebe and Glaser, 
Ber 1872, 5, 14; Annalen, 1872, 163, 352; Schmidt and Sigwart, 
Ber., 1912, 45, 1784), the only practicable method for preparing 
relatively large quantities is by the hydrogenation of the double 
bond in tetrahydrocarbazole (Borsche, Witte, and Bothe, Annalen, 
1908, 359, 70; Carrasco, Gazzetta , 1908, 38, ii, 303; Perkin and 
Plant, J., 1924, 125, 1512). 
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By reducing a large quantity (900 g.) of tetrahydrocarbazole with 
tin and hydrochloric acid we have now succeeded in isolating a small 
amount (about 12 g.) of the second isomeride of hexahydrocarbazole, 
and we find that this melts at 127°. Its identity has been confirmed 
by making the picrate and acetyl and benzoyl derivatives, and com¬ 
paring these with the corresponding derivatives of the ordinary form. 
Both modifications of hexahydrocarbazole have been shown to be 
unimoleeular, they distil unchanged at the ordinary pressure at 
approximately the same temperature, and are both exceptionally 
volatile in steam. 

The existence of two stereoisomerides of hexahydrocarbazole can 
be predicted from the Sachse-Mohr theory of multiplanar rings and 
forms an interesting addition to the cases of this kind which have 
been already described. This type of stereoisomerism has been 
recently well established by several investigators in the decahydro- 
naphthalene series, and in a few other dicyclic systems composed 
of two six-membered rings (see, e.g., Windaus, Hiickel, and Reverey, 
Ber ., 1923, 56, 91; Perkin and Sedgwick, loc. cit. ; Heifer, Helv. 
Chim. Acta , 1926, 9, 814; Hiickel and Stepf, Annalen , 1927, 453, 
163). In all these cases, both the cis- and the £ra%$-modifications 
can be regarded as strainless. The points of particular interest 
involved in the case of hexahydrocarbazole are (1) that the stereo¬ 
isomerism is a feature of a dicyclic system composed of one six- 
membered carbon ring and one five-membered ring containing 
nitrogen, and (2) that both isomerides are produced together from 
the same substance in the same reaction. It is quite apparent that 
in this system there is far more strain in the trans- structure than 
in the cis-, a fact which is easily demonstrated with the aid of 
models. It is to be expected, therefore, that in the formation of 
such a dicyclic system by the hydrogenation of the double bond 
common to both rings the czs-modification will be produced to a 
much greater extent than the £ra%s-modification, and this is exactly 
what is observed in the case of the hexahydrocarbazoles. There 
can be little doubt that the modification, m. p. 99°, which con¬ 
stitutes almost the entire product, is the cis-, and that the new 
substance, present to the extent of 1—2%, is the corresponding 
trans-ioTm. 

Hiickel and Friedrich (Annalen, 1926, 451, 132) have isolated 
the cis- and Jram-modifications of the hexahydro-P-hydrindones and 
the three hexahydro-p-hydrindols, which contain dicyclic carbon 
systems composed of one six-membered and one five-membered 
ring, but each of these isomerides was obtained synthetically by 
independent reactions starting with the cis- and -forms of ethyl 
cyclohexane-1:2-diacetate, respectively. These authors also point 
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out that the frans-configuration in these systems is marked by 
considerable strain. The anhydrides of cis- and trans-cyclohexsme- 
1: 2-dicarboxylic acid (Windaus and Hoickel, Nachr . Ges. Wiss. 
Gottingen , Math.-physik. Klasse, 1920, 11, ii, 181) also may be 
considered as examples of the type of dicyclie system which is being 
discussed in this communication. We are engaged in the attempt 
to resolve the cis- and 2ra?i£-modifications of hexahydrocarbazole into 
their active components. 

Expebimental. 

A mixture of tetrahydrocarbazole (900 g.), alcohol (1800 c.c.), 
concentrated hydrochloric acid (1800 c.c.), and granulated tin 
(1800 g.) (compare Borsche, Witte, and Bothe, be. cit .) was heated 
on the steam-bath for 5 hours, as much alcohol as possible was 
then distilled off and the residue was poured into beakers and 
allowed to cool. The product partly solidified to a crystalline mass, 
which was pulverised, and the whole was then made strongly alkaline 
by the addition of concentrated aqueous sodium hydroxide. The 
solid was collected on asbestos, pressed as dry as possible, and then 
extracted in portions twice with ether. The solid remaining was 
ground to a paste with more aqueous sodium hydroxide, collected, 
and again extracted twice with ether. After removal of the ether 
by distillation, the crude reduction product was crystallised from 
alcohol and a large quantity of cis-hexahydrocarbazole (m. p. 99°) 
was obtained. By concentrating the mother-liquor three times, 
further quantities of cis-hexahydrocarbazole were obtained. The 
alcohol was then removed as completely as possible on the steam- 
bath from the remaining mother-liquor, the residual product dis¬ 
solved in 60% sulphuric acid, and the solution poured into much 
water. The small quantity (38 g.) of unchanged tetrahydrocarb¬ 
azole thus precipitated was removed, and the aqueous solution made 
alkaline by the addition of concentrated ammonia, which precipit¬ 
ated the crude mixture of the hexahydroearbazoles as a colourless 
solid. The product was made into a paste with water, added to 
an excess of dilute aqueous sodium hydroxide, and shaken with an 
equal weight (130 g.) of benzoyl chloride. After a few hours, the 
solid product was collected and crystallised from alcohol; a con¬ 
siderable amount of practically pure 9-benzoyl-w-hexahydrocarb- 
azole then separated. After filtration, the alcoholic mother-liquor 
was added to an excess of aqueous-alcoholic potassium hydroxide, 
the mixture boiled under reflux for 3 hours, as much alcohol as 
possible distilled off, and the residual mixture diluted with water. 
The sticky product was washed by decantation and crystallised from 
alcohol; almost pure tmns-hexahydrocarbazole then separated. 
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On recrystallisation from alcohol, it was obtained in colourless 
needles (about 12 g.), m. p. 127° (Found : C, 83*2; H, 8-7; N, 8*1. 
C 12 H 15 N requires C, 83*2; H, 8*7; 1ST, 8*1%). Molecular-weight 
determinations by East’s method (Ber. t 1922, 55, 1051) gave for 
tfrans-hexahydroearbazole a value of 170 and for the cz's-form 163, 
theory requiring 173. 2ra?w-Hexahydrocarbazole, like the cis- 
modification, is readily soluble in dilute hydrochloric acid and is 
reprecipitated on addition of ammonia. Both modifications dis¬ 
tilled unchanged: trans-> b. p. 286°/769 mm,; cis b. p. 280°/ 
769 mm. 

iraws-Hexahydrocarbazole (0*5 g.) and picric acid (0*65 g.) were 
mixed in hot alcohol; the picrate separated, on cooling, in yellow 
needles, m. p. 179° (Found: N, 13*9. C 18 H 18 0 7 N 4 requires N, 
13*9%). The picrate of the ordinary c£s-modification, prepared in 
the same way, was obtained in yellow needles, m. p. 166° (Found: 
N, 13-7%). 

After £r<ms-hexahydrocarbazole had been boiled with an excess 
of acetic anhydride for an hour, the mixture shaken with much 
water, and the product crystallised from dilute alcohol, 9 -acetyl- 
tmm-hexahydrocarbazole separated in long, colourless needles, m. p. 
113° (Found: N, 6*4. C 14 H 17 ON requires N, 6*5%). 9-Acetyl- 
ds-hexahydrocarbazole melts at 98° (Graebe and Adlerskron, 
Annalen , 1880, 202, 25). 

When tfnms-hexahydrocarbazole was made into a paste with 
water, an excess of dilute aqueous sodium hydroxide added, and 
the mixture shaken with benzoyl chloride, §-benzoyl -trans -hexahydro - 
carbazole separated; it crystallised from alcohol in colourless 
needles, m. p. 133° (Found : N, 5*2. C 19 H 19 ON requires N, 5*1%). 
The m. p. of 9-benzoyl-cia-hexahydrocarbazole is 106° (Gurney and 
Plant, this vol., p. 1320). 

The Dyson Perrins Laboratory, 

Oxford, [ Received , October 12 th, 1927.] 


CCCLYI .—The Hydrolysis of Solutions of Sodium 
Palmitate as measured by Extraction with p- 
Xylene. 

By James William McBain and Reginald Buckingham:. 

Aeteb long uncertainty and widely conflicting opinions, it is now 
commonly accepted that the hydrolysis alkalinity of soap solutions; 
is of the order of only iff/1000 (conductivity : McBain and Taylor, 
Z. physikal. Chem., 1911, 76, 179; hydrogen electrode: McBain 
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and Martin, J., 1914, 105, 957; catalysis: McBain and Bolam, J., 
1918, 113, 825; Beedle and Bolam, J. Soc. Chem. Ind 1921, 40, 
27t; ultrafiltration: McBain and Jenkins, J., 1922, 121, 2325; 
indicators : McBain and Hay, unpublished). The presence of free 
fatty acid in all soap solutions is readily demonstrated by shaking 
them with any suitable solvent such as light petroleum or toluene 
(Krafit and Stem, JBer., 1894, 27, 1747, 1755; Krafft and Wiglow, 
ibid., 1895, 28, 2566, 2573; Lewkowitsch, Z. angew. Chem., 1907, 
20, 951; Fendler and Kuhn, ibid., 1909, 22, 107; Holde, Z. Elek- 
trochem., 1910, 16, 436; S. von Schapringer, Dissert., Karlsruhe, 
Freiberg, 55—67; Heychler, Ini. Congr . Appl. Chem., 1912, 22, 
221), which always extracts fatty acid although the amount is only 
a small fraction of that which the soap would yield if completely 
decomposed. As will be seen, such extraction occurs from all soap 
solutions, whether neutral or containing excess of acid or of alkali. 
In every case, likewise, the solutions are definitely alkaline even 
when as much as a complete equivalent of excess of fatty acid has 
been added to the soap. 

*Even now, however, the statement is frequently made that soap 
solutions contain emulsified free fatty acid. This is never true. 
In spite of the low solubility of the higher fatty acids, there is never 
enough free fatty acid to saturate the solution, mueh less to give 
an excess. If the aqueous layer is saturated with fatty acid, then 
any non-aqueous layer in equilibrium with it would also be saturated, 
but in no case has this been observed. 

The higher fatty acids must be almost as strong as acetic acid, 
as is evident from a study of the dissociation constants of the 
lower acids of the homologous series. The only reason why soap 
solutions are appreciably hydrolysed is that the free fatty acid 
formed by hydrolysis is almost wholly removed from solution in 
the form of acid soap. Such acid soaps form a conspicuous, but 
often almost unweighable, sediment in dilute soap solutions, and 
the gross composition of these sediments has often been determined 
(see McBain and Taylor, loc . cit. ; Krafft and Stern, loo. cit .; McBain, 
Taylor, and Laing, J., 1922, 121, 621; McBain and Stewart, this 
vol., p. 1392), although the elucidation of their exact constitution 
awaits more rationally planned experiments. There is no similar 
outlet for the alkali formed by hydrolysis, and it therefore accumulates 
in the solution. The hydrolysis alkalinity, i.e., the concentration 
of free hydroxyl ions, is therefore always much greater than the 
mere trace of free fatty acid present in the solution. Addition of a 
very small amount of alkali scarcely increases the hydrolysis 
alkalinity, because it is compensated by removal of acid soap. 

It is evident, therefore, that extraction with solvents does not 



OF SOLUTIONS OF SODIUM PALMITATE, ETC, 2681 

measure the hydrolysis alkalinity, but that when equilibrium is 
attained the concentration of the free fatty acid in true solution 
in the final aqueous layer is indicated. The value of the dis¬ 
tribution ratio is such that the concentration of fatty acid in the 
non-aqueous layer is of the order of 10 6 times greater than that in 
the aqueous layer. Two kinds of experiments may be carried out, 
viz., those in which soap solutions are extracted with solvent and 
therefore changed in composition, and those in which approximately 
the right amount of fatty acid is previously added to the non- 
aqueous layer, so that the final equilibrium is determined without 
appreciable alteration of the aqueous solution. Both methods have 
here been adopted. When a large excess of fatty acid is added in 
advance to the non-aqueous layer, it passes into the soap solution, 
thus again demonstrating the formation of acid soap, since the 
non-aqueous layer is left unsaturated. It is important that true 
reversible equilibrium between the two layers was readily obtained 
in our experiments; the position of equilibrium was obtainable 
from both sides and did not alter with time at 90°. 

Experimental. 

All the work was carried out at Bristol University. Mr. H. H. 
Cole studied toluene, xylene, and deca- and tetra-hydronaphthalene 
with a view to find a solvent which would fulfil the following con¬ 
ditions : it should be (1) of fairly high boiling point, (2) non-miscible 
with water, (3) a non-solvent for soap and sodium hydroxide, and 
(4) only a moderate solvent for fatty acid, which should dissolve 
as unassociated molecules. He found that the solubility of palmitic 
acid in twice-distilled p-xylene (b. p. 137—138° under 760 mm. pres¬ 
sure) was 33*8 g. in 100 g. of p-xylene at 50° and 73*5 g. at 90°, and 
ebullioscopic measurements showed that the fatty acid was mainly 
present as simple molecules (Found: M, 322, 322, 328, 336. Calc.: 
266), but the boiling point constant was found only by calculation. 
Blank experiments showed that if 9*5 g. of palmitic acid were added 
to 12 c.c. of xylene, the residue after evaporation showed a loss of 
only 0*1—0*2 mg. of the acid. Further, xylene was found to 
dissolve only 0*06% of its weight of sodium palmitate when shaken 
at 95—97° for 22 hours, thus showing that for the purpose of the 
present experiments sodium palmitate is insoluble in xylene. 

The method here employed is substantially that developed by 
Miss A. M. King. The greatest practical difficulty is due to the 
extreme readiness with which these soap solutions become more 
or less permanently emulsified with the xylene layer, so that separ¬ 
ation for analysis becomes impossible. This was finally avoided 
by carrying out the extraction in horizontal sealed tubes, about 
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23 cm. long and 1*3 cm. in diameter, tied parallel to the axis of a 
slowly rotating horizontal stirrer making 20—60 revs, per min. 
Even under these conditions, if the tubes contained a very large 
excess of fatty acid or nearly enough salt to salt out the soap, 
frothing occurred extensively. Between 7000 and 8000 revs, were 
allowed for attainment of equilibrium, and after 15 minutes 5 further 
standing the xylene layer was usually quite clear. Thereupon, the 
top of the tube was cut off without removal from the thermostat, 
and as much as possible of the xylene layer was drawn off and 
weighed; the xylene was then evaporated at 80°, a tube attached 
to a filter-pump being kept near the surface of the solution in an 
evaporating dish to renew the air. After 2 hours 5 drying the 
residue of fatty acid was weighed. 

Two specimens of sodium palmitate, specially made for us by 
Kahlbaum, were employed. Specimen A contained 4*5% of water 
and an excess of alkali amounting to 0*0001 equiv. of sodium per 
equiv. of soap. Specimen B contained 3*47% of water and 0*0008 
equiv. excess of sodium. These amounts of alkali and water are 
allowed for in recording the composition of the solution. All 
solutions were made with boiled-out conductivity water (1 x 10" 6 ) 
in Jena glass flasks. In experiments involving excess of fatty acid 
or alkali, palmitic acid (“ Kahlbaum 55 ) or drippings from sodium, 
free from carbon dioxide, were used, respectively. The salts used 
were Kahlbaum’s “ for analysis, 55 dried at 120—130°. Sodium 
carbonate was heated to bright redness in a platinum crucible for 
3 hours. In each case it was found that the salts were insoluble 
in xylene. All solutions were made up by weight, and concen¬ 
trations are expressed in weight normality (equivs. per 1000 g. of 
solvent, water, or xylene). About 7 c.c. of soap solution were 
used in each experiment. In all cases the temperature was 90° ±0*1°. 


Bmilis. 

Proof that True Equilibrium is attained .—In order to attach 
significance to the results, it is necessary to demonstrate that true 
reversible equilibrium is attained between the two phases. This 
is conclusively shown by the experiments in Table I, in which 
identical results were obtained from two series of experiments 
approaching equilibrium from opposite sides. In the first series, a 
0*0774^-solution of sodium palmitate was shaken with an approx¬ 
imately equal quantity of pure xylene. In the second series, a 
0*0774A w -solution of sodium hydroxide was shaken with an equiv¬ 
alent quantity of palmitic acid dissolved in xylene. In the first 
series, after equilibrium had been attained, 17*1% of the total 
palmitate radical in the system was present in the xylene layer as 
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palmitic acid. In the second series, 17*3% of the original palmitic 
acid was finally left in the xylene layer, the remainder having gone 
into the aqueous layer to react with sodium hydroxide. Thus for 
the first time it is shown that true equilibrium can be attained in 
suitably planned experiments on the extraction of soaps. 

Table I. 

Proportion of total palmitate radical extracted when equal weights of 
0-0774 "N^-aqueous solution of sodium palmitate and p-xylene 
are brought into equilibrium at 90°. 

Aqueous layer. Xylene layer. 


JV w -Soap * 

iVw-NaOH 

N w -NaOH t 

N te ,HP t 

N*r HP § 

% Total HP 

before. 

before. 

after. 

before. 

after. 

extracted. 

0*0774 

0 

0*01326 

0 

0*01262 

17*28 

0*0774 

0 

0-013S4 

0 

0*00841 

18*01 

0*0774 

0 

0*01257 

0 

0*01659 

16*33 

0*0774 

0 

0*01056 

0 

0*01397 

17*33 

0*0774 

0 

0*01338 

0 

0*01587 

17*43 

0*0774 

0 

0*0100 

0 

0*01650 

16*43 

0 

0*0774 

0*0138 

0*0774 

0*0138 

17*81 

0 

0*0774 

0*0129 

0*0774 

0*0129 

16*69 


* Specimen A. * J HP = palmitic acid. 

t The numbers recorded do not include the hydrolysis alkalinity due to 
the soap, but only the excess of sodium hydroxide left in the soap solution 
corresponding with the palmitic acid extracted. The total final alkalinity 
is not the sum of the original and that shown, because some of the acid 
extracted comes from acid soap. 

§ A saturated solution would be 2*93jWpalmitic acid. 

In order to determine the effects of varying the concentration of 
soap and the amounts of the aqueous and xylene layers, data are 
given in Table II for the proportion of the total palmitate radical 
present in the system which is finally found as palmitic acid in 
the xylene layer when neutral soap solutions are shaken with 
xylene. 

In all the foregoing experiments the soap solution is robbed of 
part of its palmitic content by the xylene. Hence the experiments 
in Table III were carried out by adding excess of palmitic acid to 
the original xylene, various concentrations being tried until palmitic 
acid was neither given up to nor extracted from the soap solution. 
This not only yields the concentration of palmitic acid that is in 
equilibrium with the unaltered soap solution, but it also affords 
conclusive proof that true reversible equilibrium was attained in 
these experiments. The results are plotted in Fig. 1, 

Increased experimental difficulties are encountered when the 
concentration of palmitic acid in xylene exceeds 0*25A T «, i.e., 6% : 
it was difficult to effect complete evaporation of the xylene if the 
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Table II. 


Proportion of total palmitate extracted as palmitic acid when p-xylene 
is shaken with aqueous solutions of sodium palmitate at 90°. 


JV„rNaP * 

Soap 

AVNaOH f 

Xylene 

jV„,-HP J in 

% HP 

before. 

soln. (g.). 

after. 

(g*)* 

xylene. 

extracted. 

0*1388 

5*2069 

0*00684 

9*0303 

0*01145 

4*92 

0*1388 

6*8610 

0*00716 

9*0818 

0*00915 

5*16 

0*1388 

5*3660 

0*00687 

7*9261 

0*00979 

4*94 

0*1388 

7*4565 

0*00793 

8*3362 

0*00855 

5*58 

0*1388 

6*4728 

0*00834 

7*7412 

0*00857 

5*97 

0*1118 

6*844 

0*0109 

8*82 

0*00821 

9*78 § 

0*1118 

9*396 

0*0095 

8*82 

0*00982 

8*50 § 

0*1118 

7*665 

0*0116 

8*80 

0*00984 

10*42 § 

0*1096 

4*917 

0*0144 

8*80 

0*007877 

13-13 § 

0*1096 

4*501 

0*0177 

17*60 

0*004895 

16*15 § 

0*1096 

4*501 

0*0182 

17*60 

0*004512 

16*58 § 

0*1096 

4*389 

0*0177 

17*56 

0*004295 

16*5 § 


* Specimen A. *f See corresponding footnote in Table I. 

% A saturated solution would be 2‘93A r w -palmitic acid. 

§ Measurements by Miss King, in which the solutions were allowed to 
stand from 3 to 12 days, thus confirming that time does not appreciably 
affect the equilibrium at 90°. 


Table III. 

Experiments in which 0T00N w -soZw£io?is of sodium palmitate ( Sped - 
men B) and water were shaken at 90° with xylene to which various 
amounts of palmitic acid had been added in advance . 


Soap 

Xylene 

HP in xylene. 

Excess in H 2 0 layer aft< 

soln. 

soln. 

Before, 

After,* 

NaOH, 

Acid soap. 

(g*)* 

(g*)* 


N w . 



5*1691 

7*0673 

0*1170 

0*1217 

0*0058 

— 

4*1934 

8*4574 

0*1386 

0*1385 

0*00067 

— 

6*0092 

5*2940 

0*1464 

0*1452 

— 

0*0002 

4*6990 

6*3900 

0*1686 

0*1655 

— 

0*0033 

6*7521 

5*7714 

0*1758 

0*1704 

— 

0*0038 

5*0572 

5*6892 

0*1840 

0*1790 

— 

0*0044 

5*5903 

8*1763 

0*1954 

0*1909 

— 

0*0053 

5*1498 

5*1032 

0*2384 

0*2310 

— 

0*0076 

4*9988 

6*7175 

0*9545 

0*9371 

— 

0*0207 


* A saturated solution of palmitic acid would have been 2*93 N w - 


usual amount of solution was used; hence, the solutions were 
evaporated at 80° under 20 mm. Hg. There is also a strong tend¬ 
ency to emulsification when the xylene contains between 10% and 
20% of palmitic acid, but this diminishes again at higher con¬ 
centrations. The formation of acid soap is indicated by the soap 
layer becoming absolutely opaque. An experiment with 25% 
palmitic acid (Q-954t5N w ) is given in Table III and is also included 
in Fig. 1. 

Effect of Electrolytes upon the Extractability. —Table IV and Fig. 2 
record experiments in which various pure salts were dissolved in 
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the 0-liV w -sodium palmitate solution at 90° before it was shaken 
with xylene. The salts increased the tendency to frothing, and as 
the concentration of salt required for salting into two aqueous 
layers was approached, emulsification became so prominent that 
the xylene layer finally could not be analysed. The salts made the 


Fig. 1. 



Hydrolysis equilibria in aqueous sodium palmitate containing excess or 
deficiency of either sodium hydroxide or palmitic acid. The curve for hydro - 
lysis alkalinity is that obtained by McBain and Martin by the K.M.F. method. 
The other curve shows the concentrations of palmitic acid in xylene when the 
xylene layer is in equilibrium with the soap solution of the final concentration 
indicated- (one experimental point lies off the left of the diagram). Were the 
palmitate ion constant throughout , the concentrations of hydroxyl ion and of free 
palmitic acid in the aqueous phase would be inversely proportional to each other . 

originally olear soap solution cloudy. All the experiments were 
carried out with Specimen B of sodium palmitate. 

Discussion, and Interpretation of Results. 

The outstanding result of these measurements is that there is 
scarcely any free fatty acid in a soap solution even when it is 
appreciably hydrolysed. There is practically quantitative con¬ 
version of the fatty acid formed into insoluble acid soap. For 
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example, a O-l^-solution of exactly neutral sodium palmitate is 
in equilibrium with the xylene layer containing 0-143iV w -palmitic 
acid. The saturation concentration or solubility of palmitic acid 
in xylene is 2*93 N w ; hence the xylene layer, and therefore likewise 


Fig. 2. 



The effect of the addition of salts to aqueous sodium palmitate at 90° upon the 
amounts of palmitic acid passing into the non-aqueous layer when the soap 
solution is shaken with an approximately equal volume of p-xylene. 

the aqueous layer, is not more than 5% saturated with palmitic 
acid. McBain and Taylor (loc. cit.) found the solubility of the 
undissooiated palmitic acid in water at 90° to be 0-6 x 10" 5 JV W , 
and. therefore, if the distribution ratio between water and xylene 
is a constant, the concentration of free palmitic acid in the aqueous ■ 
layer is only 3 X 10 ~ 7 N„, whereas the hydroxyl-ion concentration 
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Table IV. 

Effect of added salts upon the extractability of 0*1 TS! w -sodium palmitate 

at 90°. 


NaP soln. 

(go. 

Xylene 

(g-)- 

JVto*Salt. 

Nr HP in 
xylene. 

% HP 
extracted. 

jV^NaOH 

formed. 

£*3619 

5-8108 

Sodium 

0 

chloride. 

0-00942 

10-48 

0-0105 

5-9920 

4-4946 

0*1000 

0-0112 

8-68 

0*0086 

5-3282 

5-0708 

0-2000 

0-0051 

4*96 

0-0050 

4-7650 

6-1778 

0-4110 

0-0027 

3-61 

0*0036 

4-7140 

6-2668 

0-5534 

0-0020 

2-84 

0*0028 

5-5412 

5*1768 

0*8970 

0-0024 

2-30 

0*0023 

5-3619 

5-8108 

Sodium bromide. 

0 0-0094 

10-48 

0-0105 

4-0070 

4-8030 

0*115 

0-0058 

7-1 

0*0071 

6-6604 

8-4060 

0-204 

0-0041 

4-4 

0*0053 

4-5606 

6*3834 

0-300 

0-0034 

3-83 

0*0048 

4-6928 

6-1300 

0-478 

0-0023 

3-0 

0*0038 

4*2768 

8*4032 

0-600 

0-0013 

2-67 

0-0027 

5-3619 

6-8108 

Sodium sulphate. 

0-0 0-00942 

10-48 

0-0105 

4-8294 

6-3338 

0-1145 

0-00745 

10-05 

0-0105 

6-3770 

5-0828 

0-206 

0-01204 

9*837 

0*0098 

4-9878 

6-4478 

0-30 

0-00813 

8-8 

0-00913 

5-6500 

5-7562 

0-376 

0-0079 

8-34 

0*0083 

5-7488 

6-3568 

0-50 

0-0058 

6-62 

0-0066 

5*3619 

5-8108 

Sodium carbonate. 

0-0 0-00942 

10*48 

0-0105 

6-2130 

5-3842 

0-100 

0-0031 

2-8 

0-0028 

5-8700 

6-6298 

0-109 

0-0023 

2*7 

0-0027 

6-2370 

7-4788 

0-231 

0-0021 

2*47 

0-00248 

5*3062 

7-6776 

0-417 

0-0012 

1-80 

0-0019 

5-4568 

7-7641 

0-811 

0-00086 

1*27 

0-0012 

5-3619 

5*8108 

Sodium 

0 

nitrate. 

0-009423 

10-48 

0-0105 

5-5170 

5-1642 

0-1622 

0*0062 

5*98 

0-0060 

5-2456 

6-5292 

0-337 

0-0037 

4-70 

0*0047 

5*5046 

6-642 

0-475 

0-0061 

4-4 

0*0042 

4*606 

8-2568 

0-634 

0-0022 

4*0 

0*0026 

4*8728 

6-945 

0-809 

0-0025 

3*72 

0*0037 

5*3619 

5*8108 

Sodium tungstate. 

0 0-00942 

10*48 

0*0105 

5*5227 

5*4125 

0-1590 

0-0067 

6*8 

0*0068 

5*6696 

5-2544 

0-3828 

0*0057 

5*4 

0*0054 

4*2324 

5-5602 

0-6018 

0-0052 

4*1 

0*0070 

5-0958 

7-4986 

0-7152 

0-0022 

3-36 

0*0034 

or hydrolysis alkalinity 

isO’OOW 

Wi as found by several independent 


methods. Hence, all the palmitic acid representing the difference 
between these two numbers is removed from solution in the form 


of acid soap. 

It is possible from the data of McBain and Taylor to predict 
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what concentration of palmitic acid should have been found in 
O-ljN^paqueous sodium palmitate at 90°. Taking the dissociation 
constant of palmitic acid as 1 x 10~ 6 , that of water as 33 X 10~ 14 , 
the concentration of simple palmitate ion in the solution as 0*035iV u ,, 
and the concentration of hydroxyl ion as 00013JV*,, one can predict 
the concentration of palmitic acid as 9 X 10~ 7 N W . The 3 X 10" 7 N W 
was estimated above on the assumption that palmitic acid has the 
same solubility in pure water as it has in 0*liV w -sodium palmitate 
saturated with xylene; this is probably not quite correct and may 
account for the small discrepancy. 

The possible influence of salts upon the distribution coefficient, 
and still more upon the degree of insolubility of acid soap, constitutes 
the chief uncertainty in interpreting the results in Table IV and 
Fig. 2. It is clear that the addition of salts to the soap solution 
diminishes the extractability and probably the hydrolysis, although 
this should be checked by direct measurement of hydrolysis alkal¬ 
inity. All these soap solutions were rendered alkaline by the 
abstraction of palmitic acid, those containing most salt being least 
affected and yet giving up least palmitic acid. The behaviour of 
all salts is very similar with the exception of sodium carbonate and 
sodium sulphate; the difference in the case of the former is clearly 
due to its alkalinity, but no explanation is forthcoming as to the 
peculiar shape of the curve for sodium sulphate unless the salt was 
slightly acid, which was not tested at the time. The effect of the 
various salts bears no relation to their effect upon salting out of 
soaps, to the Doiman equilibrium, or to the Hpfmeister series, and 
shows no influence of valency, because all the salts replace each 
other mol. for mol. with the exception of the carbonate and sulphate. 
The effect is undoubtedly due to diminution in the concentration of 
simple palmitate ion (the substance that hydrolyses) and its replace¬ 
ment by colloid. The same explanation would account for the 
rapid fall in the % hydrolysis with increasing concentration of soap 
as is illustrated in Table II; 17 % of the total palmitate in 0*0774#*- 
solution was extracted by an equal amount of xylene, whereas 
from a solution of twice the concentration only 5% was extracted. 

In conclusion, attention may be directed to the series of buffer 
reactions which occur within a soap solution and render its hydro¬ 
lysis alkalinity less dependent upon extraneous additions than is 
usually the case with standard buffers. For example, large change 
of concentration of the soap, addition of acid or even of a small 
amount of alkali, and variation of the amount of any non-aqueous 
solvent with which the solution is shaken all effect only a small 
change in the concentration of hydroxyl ion. The hydrolysis is 
chiefly regulated by the insolubility of the acid soap, which is 
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greatest for the highest fatty acids and distinctly less for unsaturated 
fatty acids. Further experimental work is now in progress at 
Stanford University. 

Summary. 

1. Contrary to the opinions hitherto expressed by most writers, 
no soap solution contains more than the merest trace of uncom¬ 
bined fatty acid, and even that is completely dissolved, none being 
in the emulsified or free condition. Thus, in spite of the sparing 
solubility of the higher fatty acids, soap solutions are unsaturated 
with respect to them. This is conclusively proved by the fact that 
any non-aqueous solution brought into equilibrium with an aqueous 
soap solution is very far from being saturated with fatty acid, 
even when a large excess of the acid has originally been added to 
the system. 

2. Practically all of the fatty acid corresponding to the hydro¬ 
lysis alkalinity is locked up in combination as (insoluble) acid soap. 
Soap solutions are excellent buffers. 

3. Electrolytes, even up to high concentrations, diminish the 
extractability, and probably the hydrolysis, of dissolved soap. 

Stanford University, California. [Received, August 1 8th, 1927.] 


CCCLVII.— The Effect of Electrolytes upon the Viscosity 
of Solutions of Sodium Palmitate. 

By James William McBain, Herbert James Willavoys, 
and Harold Heigiiingtox. 

Many investigators have studied the viscosity of soap solutions and 
the effect of electrolytes thereon (Mayer, Schaeffer, and Terroine, 
Compt. rend., 1908, 146, 484; Bottazzi and Victoroff, Atti R. 
Accad. Lincei, 1910, (v), 19, i, 659; Farrow, J., 1912, 101, 354; 
Goldschmidt and Weissmann, Z. Elektrochem., 1912, 18, 380; 
Roll. Z., 1913, 12, 18; Seifensieder Ztg., 1913, 40, 263 ; Hatschek, 
Roll. Z., 1913,12,238; Trans. Faraday Soc., 1913, 9,80; Kurzmann, 
Roll.-Chem. Beih., 1914, 5, 427; Arndt and Schiff, ibid., 1914, 6, 
201; Goldschmidt, Seifensieder Ztg., 1914, 41, 337; Fischer and 
Hooker, Chem.Eng., 1919,27,223; Clarke, Medd.R. Vetenskapsakad. 
Nobel-Inst., 1922, 6, No. 1, 1; King, J. Soc. Chem. lnd., 1922, 41, 
147t; Bircumshaw, J., 1923, 123, 91; Prasad, J. Physical Chem., 
1924, 28, 636; Freundlich and Schalek, Z. physikal. Chem., 1924, 
108, 153; Freundlich and Kores, Roll. Z., 1926, 36, 241; Jajnik 
and Malik, ibid., p. 322; Hahne, Z. deut. Oel-Fett lnd., 1925, 45, 
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245, 263, 274, 289, 308), but their work has always been broken off 
in the region where the viscosity was rising rapidly with increasing 
concentration of added salt. It remained for Miss A* M. King, in a 
communication from Bristol University (J. Soc . Chem. Ind 1922, 
41, 147t), to discover the remarkable fact that further addition of 
salt produces a sharp maximum of viscosity, which thereafter falls 
rapidly with still further addition. The last effect continues right 
up to the limit of possible existence of the soap solution as a single 
homogeneous phase. The present paper gives further information 
with regard to this effect (see, e.g ., Fig. 1). 

Solutions of sodium palmitate at 80° and 90° were chosen for 
study because of the large amount of other information already 
available, and also because their properties are independent of time 
at these high temperatures. 

Once again it is shown that, if sufficient care is taken to control 
the factors involved, even such a property as the viscosity of soap 
solution is definite and reproducible. For example, we have taken 
the viscosity of a solution Q-5N W with respect to both sodium 
chloride and sodium palmitate at 81-0° as a point of reference. Miss 
Fang published the values for its absolute viscosity in c.g.s. units, 
Y] = 10-63 and 10-54; one of us (H. J. W.) obtained 10*07, another 
(H. H.) 10*06, and Mr. H. Horwood 10-39, all with different speci¬ 
mens of pure sodium palmitate. In other series of experiments, the 
viscosity of the original soap solution was first taken, then successive 
amounts of pure electrolyte were added, thus giving a range of 
viscosity readings up to the limit of existence of isotropic soap 
solutions. Thereupon, the final solution was diluted with successive 
portions of the original soap solution, retracing the curve, and yielding 
confirmatory values. 

For details of the experimental method reference may be made 
to the communication cited. A Wenner stop-watch reading to 
0-01 sec. was employed. Temperatures were read on standardised 
thermometers. The steel balls required were heated before being 
dropped through the tube in order to avoid solidification of the soap 
solution on them. All concentrations are expressed in weight 
normalities (N w ), i.e., g.-mols. per 1000 g. of water. 

The results were calculated according to the formula yj =s 
K(s — D)T , where K is the tube constant 7 ) x ft$ — c)T v 73 is the 
viscosity of the soap solution in c.g.s. units, D its density, 3 the 
density of the steel ball, T and T x are the times of fall in soap 
solution and castor oil respectively, 73 x is the viscosity of castor oil 
= 16-46 c.g.s. units at 14-1°, and a the density of castor oil = 0-963. 
The value of K depends upon the dimensions of the tubes and balls, 
and the values used are given in Table I. 
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Table I. 

Calibration of the falling balls and tubes with castor oil 
(. Kahlbaum ). 


Diam. of Density Tube eon- 

Observer. Temp. steel balls. of balls. (secs.), stant, K. 

Horwood . 14-1° 0-316 cm. 7-395 6-0 , 0-4136 

. 14-1 1/8 in. 7-720 6-2 0-3928 

Heighington . 14-1 1/8 in. 7-697 6-2 0-3943 

Willavoys . 15-7 0-163 cm. 7-554 29-32 0-0731 


The results for 0*75,1*0, and l*5iV' w -solutions of sodium palmitate 
with added sodium chloride are in Table II. The l-S^-solutions 
are so viscous that for determining the density a specially wide 
pipette was employed, closed at the bottom with a flattened glass 
rod held in place by rubber tubing, and continued at the top with 
a small tube also held in place by rubber tubing so that when 
temperature equilibrium was attained this could be slipped off, 
leaving the pyknometer exactly filled with soap solution. There¬ 
upon the tube was cooled and the contents were solidified for 
weighing. 

Eesults for approximately l*5iV w -sodium palmitate with added 
sodium carbonate or acetate at 81° are given in Table III. 

Discussion , 

The experimental results for added sodium chloride at 81° are 
shown in Mg. 1 and those for the acetate and carbonate in Eig. 2. 
The outstanding effect is that the addition of medium concentration 
of electrolyte enormously increases the viscosity of soap solution. 
Without salt, the viscosity is only a few centipoises, and it is increased 
600—700-fold at the maxima by the addition of the salt. It 
may be recalled that with many soaps at lower temperatures the 
soap solutions in these intermediate concentrations of salt actually 
set to a jelly, but the effect there also passes through a maximum, 
and further addition of salt reliquefies the jelly. 

The most striking feature of the curves is the existence of these 
sharp maxima at which the effect of salts is reversed, the viscosity 
with further increase of salt falling off as rapidly as it had risen. 
For example, in the curve for carbonate (Eig. 2) the highest viscosity 
measured was 102 poises, which fell on further addition of carbonate 
to 6 poises. With the most concentrated soap and sodium chloride, 
the fall is from 55 to 3 poises. The limited extent of the fall is, 
however, shown by the fact that when the soap solution contains 
all the salt that can be added without the formation of several 
layers, the viscosity is still 20—50 times higher than that of the 
original soap without salt. , . 
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Table II. 


Viscosity and density of solutions of sodium palmitate containing 
various weight normalities of added sodium chloride at about 81-0°. 


Observer. 

Temp. 

NaCl (N w ). 

T (secs.). 

Density 

(g./e.o.). 

7)• 

Horwood .... 

O'7SA 1 * * * § ,-Sodium palmitate. 
81° 0-729 2-5 

0*992 

6-82 



0*600 

5*3 

0*991 

14*48 



0*748 

2*4 

0*991 

6*34 

H. H. 


0*201 

0*9 

0*977 

2*38 

. 


0*400 

7*6 

0*9850 

20*11 



0*500 

6*99 

0*9877 

18*49 

3J 


0*300 

3*39 

0*9823 

8*96 



0*600 

5*2 

0*9900 

13*75 



0*450 

8*718 

0*9864 

23*07 

H. J. W. 


0*440 

57*74 

0*981 

27*74 * 

»» 

90 

0*880 

1-79 

0*9872 

0-73 f 

H. H. 

81*00 

l* 0 jV«,-Sodium palmitate. 
0*880 0*98 

1-00000 

2*59 


81*26 

0*6797 

3*06 

0*99805 

8*08 


81*7 

0*5771 

5*42 

0-99570 

14*4 


81*63 

0*46945 

7*3 

0*98805 

19*3 


81*64 

0*50000 

7*24 

0*98980 

19*1 


81*65 

0*37220 

9*95 

0*98645 

26*3 


81*68 

0*26205 

11*23 

0*98310 

29*7 


81*76 

0*14445 

4*17 

0*97910 

11*0 


81*7 

0*29000 

10*47 

0*98310 

27*7 


81*7 

0-25000 

7*7 

0*97530 

20*4 


81*7 

0*32000 

11*1 

0*98470 

29*4 

H. J. W. 

80*96 

0*3000 

68-76 

0*9826 

33*0 


90*05 

0*3000 



10*2 

H.H.. 

81*92 

0-1445 

4*76 

0*9791 

12*3 

H. J.W. 

80*97 

1*50N W -Sodium palmitate.t 

0*100 88*21 0*9740 

39*54 

99 

80*95 

0-7500 

11-60 

1*005 

5*55 

99 

80*99 

0*8700 

6*45 

1-016 

3*08 


81*01 

0*7120 

12*45 

1*001 

5*96 


81*00 

0*5658 

26*06 

0*9965 

12*48 


90*06 

0*4395 

17-16 

(0*9851) 

8*24 

99 ...... 

81*01 

0*4395 

41*53 

0-9851 

19*94 

99 •• * • « 

81*03 

0*3015 

71-03 

0*9614 

34*23 

99 ••••# 

90*05 

0*2660 

29*75 

0*9614 

14*33 


81*00 

0*2660 

75*78 

0*9458 

36*59 


81*00 

0*2431 

85*38 

0*9806 

41*02 


80*99 

0*2032 

102*77 

0*9651 

49*49 § 


81*01 

0*1845 

105*27 

0*9642 

50*71 § 


81*00 

0*1459 

109-43 

0*9692 

52*65 § 

99 . 

80*98 

0*1049 

83*48 

0-98Q0 

40*12 

99 ..... 

80*94 

0*08076 

67*77 

0*9740 

32*59 

99 ..... 

80*98 

0-06503 

83*32 

0*9700 

40*09 

99 . 

. 81*02 

0*04287 

83*58 

0*9600 

40*28 


* High value owing to slight fall in temperature/ 

t At 90°, hence about 2*2 at 81°. 

j l'Si'/to-Sodium p alm itate does not exist as a single homogeneous solution 
at 81 °, but falls in the heterogeneous region—middle soap 4 - isotropic solution 
(see McBain and Langdon, J., 1925, 127, 863). 

§ Small crystals developed (acid sodium palmitate). 
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Table III. 

Viscosity and density of solutions of sodium palmitate containing 
various weight normalities of added salts at about 81°.* 

Temp. Added salt (N w ). T (secs.). Density (g./c.c.). 

l*4912V«,-Sodiurn palmitate with addition of sodium carbonate. 


81-05° 

0-1876 

213-3 

(1*000) 

102*2 

81-09 

0-4764 

108-0 

1-016 

51-50 

80-99 

1-2736 

26-8 

(1-000) 

12-84 

80-99 

1-6228 

12-54 

(1-000) 

6-01 


0-1000 

Heterogeneous—two layers. 

1-47JV*, 

-Sodium palmitate with addition of sodium acetate. 

81-01 

0-09786 

90-82 

0-9712 

43-69 

81-02 

0-1490 

118-85 ’ 

0*9815 

57-12 

81-02 

0-2081 

128-97 

0*9825 

61-95 

81-01 

0-2759 

67-23 

0*9842 

32-28 

81-00 

0-3958 

27-50 

0*9851 

13-20 


0-5837 

Heterogeneous system- 

-nigre and lye. 


* Experiments by H. J. W. 

The higher the concentration of soap, the less salt is required to 
produce the maximum viscosity, as the following tabulation shows : 

Cone, of soap (N w ) . 0-5 0-75 1*0 1*5 

Max. viscosity (poises) .. 10 24 33 66 

Cone. (JV W ) of salt at max. viscosity . 0-50 0*43 0*30 0*16 

The enormous increase in viscosity of a soap solution when 
moderate quantities of salt are added to it again shows the inadequacy 
of the emulsoid theory of colloids. In these strong soap solutions 
the soap is all in colloidal form already, before any salt is added. 
According to the emulsoid theory, addition of salt should shrink 
the globules of soap, and the viscosity should be diminished instead 
of being increased many hundred-fold. That the salt is less soluble 
in a soap-rich phase has been definitely proved by the numerous 
studies of phase-rule equilibria now available, and, indeed, by the 
experience of any soap boiler. This affords, therefore, yet another 
reason for replacing the emulsoid hypothesis by the view that the 
colloidal soap in solution is present in the form of solid particles or 
micelles. 

Superficially, the curves look like any of Loeb’s for the Donnan 
equilibrium. However, they differ in two respects. In the first 
place, Loeb’s experiments never involved more than a five-fold 
increase in viscosity, whereas these involve increases of a higher 
order of magnitude. In the second place, Loeb’s maxima arose 
from the fact that he was adding an acid or an alkali to an amphoteric 
colloid and producing colloidal electrolyte with high conductivity, 
osmotic activity, etc., whereas here, salts are being added and should 
have a uniformly depressing action on the viscosity, as was indeed 
observed by Loeb for salts when added to the systems he studied. 






2694 MCBAIH, WILLAVOYS, A3STD HEIGBXNGTON : THE EFFECT OF 

The problem then is to explain why fully formed colloid may have 
its viscosity increased many hundred-fold through the addition of 
salt. The only possible explanation seems to be the general hypo¬ 
thesis advanced by one of us (McBain, J. Physical Chem ., 1926, 
30, 239), that the viscosity of a reversible colloid, such as nitro- 


Fig. 1. 



0*2 0*4 0*6 8*0 

Concentration of NaCl {N w ). 


The viscosity of solutions of sodium palmitate at 81° as affected by addition 
of sodium chloride up to the maximum amount which can be added without 
salting out the solution into two layers . 

cotton, soap, rubber, or protein, is not to be accounted for by the 
individual particles (micelles) either through their number or 
individual bulk, but that it is due to their loose aggregation into 
structures which effectively enmesh large tracts of the solvent or 
solution. 

Hatschek ( J . Physical Chem 1927,31, 353) has recently published 
a communication which is ostensibly an attack upon McBain’a 
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general hypothesis of aggregation, but which is really an adoption 
and endorsement of one particular form of the general hypothesis, 
being a modification of that of Loeb. In general, there is a great 
variety of possible forms of aggregation. Tor example, if all the 
particles were to be joined end to end to form innumerable filaments, 
the medium in which they lay could be so effectively enmeshed as to 


Fig. 2. 



Concentration of electrolyte (N w ). 

The viscosity of solutions of pabnitatc at 81° over the xohole 

range of existence of isotropic solution in the presence of sodium acetate and 
sodium carbonate, respectively . 

have the properties of a jelly. Another form of loose ramifying 
aggregation is that of a pile of brushwood, or again seaweed in a 
rock pool. Hatschek would prefer to specify only one kind of 
ramifying aggregate like a lot of separate bushes not entangled but 
separate from each other, so that each aggregate could be treated 
approximately as a polyhedron, or even as a sphere- To call this ; 
loose ramifying aggregate the micelle is to introduce fresh confusion 
into the subject. We should prefer to retain the general hypothesis. 
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which includes Hatschek’s as one possibility. We use the term 
micelle to indicate each of the single ultimate particles of colloid. 

Attention may be directed to another influence which greatly 
enhances the effect of the presence of either particles or ramifying 
aggregates in their influence upon the apparent viscosity of the 
system. Hatschek has demonstrated that even in a suspension in 
which aggregation does not occur and in which hydration in the 
chemical sense is absent, the system does not show a true viscosity 
coefficient like a pure liquid, but the viscosity coefficient obtained is 
a function of the rate of shear. He has been at a loss to account for 
this effect, and similarly Porter and Kao (Trans, Faraday Soc ., 
1927, 23, 311) were unable to offer an explanation, but made a 
purely empirical attempt to obtain an equation to fit the results. 
As part of a general theorem relating to the structure of surfaces, 
one of us (J. W.McB.) and G. P. Davies (Address to the Mid-West 
Regional Meeting of the American Chemical Society, Madison, 
June, 1926; J. Amer. Chem. Soc., 1927, 49, 2230) have shown 
that this effect is a necessary result. On the basis of accurate 
absolute measurements on the amount of adsorption, now available 
for the first time, and of a survey of the results obtained in such 
fields as that of adhesives, etc., the authors concluded that any 
surface possesses considerable depth due to chains of oriented 
molecules extending inwards from points on the outer unimolecular 
layer. The effective length of these chains is conditioned by 
thermo-vibration and, of course, by rate of shear, the latter account¬ 
ing for the results obtained by Hatschek and Porter. Hence a 
liquid in the neighbourhood of surfaces such as those of particles, 
filaments, or ramifying aggregates is semi-rigid, enhancing greatly 
the effectiveness of the aggregates in immobilising liquids, and 
producing a high apparent viscosity. 

According to previous studies of soap, it is the neutral micelle, 
and not the ionic micelle, that has the power of forming ramifying 
aggregates. Salt does promote the formation of neutral micelles 
at the expense of ionic micelles, but this effect is too unimportant 
for our present purpose. We should ascribe the aggregation of the 
neutral micelles to partial dehydration on the addition of salt owing 
to the lowering of the vapour pressure of the solution. This is 
the first main factor involved in the action of salts upon soap 
solutions. 

The maximum and the subsequent lowering of viscosity have still 
to be explained, and any explanation has to be sufficiently general 
to account for the salting out and phase-rule equilibria of soap, 
together with the formation of liquid crystals. We would seek this 
in a combination of the principles of dehydration through lowering 
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of vapour pressure (as above), of orientation of like molecules when 
held sufficiently close together, and of the principle underlying the 
Donnan equilibrium. The dehydration facilitates aggregation by 
exposing unsaturated valence bonds (compare McBain, J. Physical 
Chem ., loc. cit.), thus tending to make the aggregates denser and less 
voluminous. The principle of constancy of ionic product, as 
exemplified by solubility of precipitates, utilised by Donnan and 
generalised by Wilson, must now be made use of to explain further 
the effect of salts upon the charges and the volumes within the 
colloidal aggregates. 

Almost all surfaces, even those of the neutral micelles, show 
slight electrical charges (see Laing, J. Physical Chem ., 1924, 28, 
673). Particles of like charge tend to repel each other, probably 
not merely through direct electrostatic repulsion (the usual belief), 
but also through the excess osmotic pressure set up in the neighbour* 
hood of all charges through the Donnan equilibrium. The effect of 
large excess of salt is two-fold : first, to reduce these charges, and, 
secondly, to minimise their effect upon the Donnan osmotic pressure 
in their neighbourhood. These two influences contribute to the 
collapse, or rather the closer packing, of the structures built up from 
the micelles, thus reinforcing the effect of increased intensity of 
aggregation. This releases a part of the liquid, or better, less of it is 
immobilised, and hence the apparent viscosity falls. This would 
appear to explain the decline in viscosity that occurs in more con¬ 
centrated solutions of salts, whilst still leaving the viscosity higher 
than that of the original soap solution. This explanation embraces 
that given by Laing and McBain (J., 1920,117, 1507) for the form¬ 
ation of true soap jellies which occur in the middle of the isotropic 
region and are liquefied by excess of added salt. It should be noted 
that the curves in Pig. 1 cover practically the whole field of the 
possible existence of isotropic solutions of sodium palmitate (com¬ 
pare McBain and Langdon, loc . cit.). Throughout, the chief factor 
involved in apparent viscosity of colloids is the extent to which the 
solution or solvent is immobilised through entanglement in colloidal 
structures. 

When aggregation, brought about through dehydration and 
segregation as detailed above, becomes extreme, and the micelles 
are therefore more tightly packed in clumps, the tendency towards 
orientation must strongly assert itself (orientation of molecules 
accounts for the existence of micelles in the first place). Excess of 
salt always produces neat soap and lye, the latter being an ordinary 
salt solution containing most of the salt and scarcely any soap; the 
neat soap is liquid crystal. The common feature of all present 
hypotheses regarding the structure of liquid crystals is that they are 
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full of tracts in which molecules or micelles are in an approximately 
parallel arrangement. 

Whilst the above description appears to afford a reasonable 
explanation of the phenomena here discussed, searching tests are 
required to afford independent proof of the truth of each of the 
mechanisms involved. Again, far too little is known with regard 
to the structure of liquid crystals. Indeed, soap solutions afford 
the only examples of liquid crystals readily accessible for experi¬ 
mental study. The position of middle soap has still to receive 
adequate explanation. If a soap solution containing no added salt 
is sufficiently concentrated, middle soap separates as a new phase, 
and, within a certain range of concentration, soap solutions consist 
only of this form. Middle soap is a colloidal electrolyte, just like the 
isotropic solutions it has replaced. A small amount of salt may be 
added to middle soap, but it is destroyed by further salt, being 
replaced by isotropic soap solution. This is the significance of the 
curves for l*5W w -sodium palmitate in Mgs. 1 and 2, which necessarily 
have their beginning as shown in the diagrams in the presence of 
the necessary minimum of salt. The pure l-5A w -sodium palmitate 
is middle soap; it turns into isotropic soap solution upon the 
addition of the requisite amount of salt, and the viscosity shortly 
thereafter passes through a maximum as shown in the diagrams. 
It throws a severe strain upon our explanation (detailed above) to 
account for these phenomena, because they ended in the production 
of liquid crystal through excess of salt, with the elimination as a 
separate phase of most of the water and salt, whereas here the b5N v - 
sodium palmitate begins as liquid crystal, although retaining all the 
water with it in one homogeneous phase. 

The existence of middle soap as liquid crystal is quite evidently 
due to mere contiguity of the particles on account of the very high 
concentration of soap. We have to suppose that this orientation 
is almost tantamount to coalescence, because no negative ions, 
other than a trace of hydroxyl ion (and of course the ionic micelles), 
are present to keep the particles apart. Addition of a small amount 
of salt supplies this defect, and the tracts of parallel orientation are 
disbanded with the formation of isotropic solution, although the 
apparent viscosity is already extremely high and aggregation or 
linkage is already at an advanced stage. Thereafter, but little 
salt is required to produce the maximum and the other specified 
effects. 

Comparison of the effects due to the three salts is interesting, but 
in view of the explanations above it cannot be expected to be of 
direct significance. The two univalent salts, chloride and acetate, 
^re fairly similar in the position and value of the maximum viscosity, 
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that for sodium acetate being slightly higher and requiring rather 
more acetate, sodium acetate being a weaker electrolyte than sodium 
chloride. The bivalent sodium carbonate gives twice as high a 
maximum viscosity as the chloride and twice as much of it is required 
for salting out the palmitate into two layers. However, the acetate 
is exceptionally effective in salting out, 0-57 N a being sufficient as 
compared with 0-88 N w for the chloride and 1-7 iV w for the carbonate. 
McBain and Pitter (J., 1926, 893), in comparing a large number of 
salts, pointed out that apparently the single factor most effective in 
salting out is the concentration of the sodium ion. We suspect that 
the high viscosity in the presence of the carbonate may be due to 
its alkalinity, because we have found with various other samples 
of sodium palmitate that a slight excess of alkalinity very greatly 
increases the viscosity. Thus, if the sodium palmitate contains 
about one equiv. per cent, excess of sodium hydroxide, all the 
maxima of viscosity are roughly 1-7 times greater. 

The futility of attempting to apply any of the usual empirical 
formulae to our results is evident from the shape of the curves and 
also from the fact that the right-hand descending portions of the 
viscosity curves approximately coincide, i.e., the viscosities are 
there nearly independent of the amount of soap present. 

All the work here described was carried out at the University of 
Bristol. 

Summary. 

1. The viscosity of solutions of sodium palmitate has been studied 
over most of the range of existence of isotropic soap solutions in 
the presence of sodium chloride, acetate, and carbonate. 

2. Addition of electrolytes increases the viscosity to a maximum 
value many hundred times greater than that of the original soap 
solution. Further salt decreases the viscosity almost equally 
rapidly until the salting out concentration is reached. 

3. The results are discussed on the basis of the general explanation 
put forward by McBain for the high apparent viscosity of reversible 
sols and jellies. The rise in viscosity is in the opposite direction to 
that predicted by the Donnan equilibrium, and exceeds by a hundred¬ 
fold the viscosity effects observed by Loeb, although the Donnan 
equilibrium may well be one of the factors involved. 

Stanford Uotvsrsity, California, [Received, August \Mi, 1927.] 
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CCCLVIIL —The Composition of Bleaching Powder. 

Part I. 

By Edmund Arthur O’Connor. 

The exact composition of the substances contained in bleaching 
powder has long been a subject for discussion (see Lunge, “ Sulphuric 
Acid and Alkali,” 3rd edn., Ill, pp. 577—587; Mellor, “ A Com¬ 
prehensive Treatise on Inorganic and Theoretical Chemistry,” II, 
pp. 262—265), which has centred chiefly around the question of the 
existence of a definite compound of calcium hypochlorite and 
calcium chloride in equimolecular proportion, to which was usually 
assigned the constitution CaChOCl. Basic compounds containing 
hypochlorite and chloride have also been postulated by several 
authors. Lunge (op. cit ., p. 585) expressed the following opinion : 
“ It is certain that no calcium chloride is present as such in ordinary 
bleaching powder.” Similar views were held by O'Shea (J., 1883, 
43, 410) and by Orton and Jones (J., 1909, 95, 751). 

A study of the literature led to the conclusion that there is no 
positive evidence for the existence of a compound of calcium 
hypochlorite and chloride. Such a compound has never been 
isolated, and the evaporation at low temperature of solutions 
obtained by extraction of bleaching powder with water led to a 
separation of crystals of hydrated calcium hypochlorite, reported 
as Ca(d0) 2 ,4H 2 0 (Kingzett, J., 1875, 28, 404; Orton and Jones, 
loo. cit.). At the same time, Orton and Jones obtained three 
crystalline preparations, containing calcium hypochlorite and 
chloride together with calcium oxide and water, which on analysis 
yielded a molecular ratio of hypochlorite to chloride of 1: 1. These 
substances, which could not be recrystallised from water, were only 
approximately analysed, owing to the small quantities available 
and to the difficulty of complete separation from mother-liquor. 
There is, therefore, no certainty that any of them was a single 
definite compound, although it appears likely that one or more 
basic double salts may exist. 

The preparation of calcium hypochlorite comparatively free from 
calcium chloride, and in some cases free from calcium oxide, has 
been exploited in recent years by the Chemische Fabrik Griesheim- 
Elektron (B.PP. 17859, 182927,188662; D.K-PP. 188524, 195896, 
282746). Calcium hypochlorite, prepared by chlorinating a paste 
of calcium hydroxide and water and removing as much as possible 
of the mother-liquor, is stated to be a very stable compound when 
thoroughly dry, and superior in this respect, as well as in available 
chlorine, to the best ordinary bleaching powder. Basic compounds 
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containing 1—4 mols. of calcium hydroxide to one of hypochlorite, 
prepared by a similar process, are claimed to have the same 
advantages. Two of these compounds, Ca(C10) a ,2Ca0,2H 2 0 and 
Ca(C10) 2J 4Ca0,4H 2 0, were isolated, but not in crystalline condition. 

The problem of the exact nature and proportions of the sub¬ 
stances composing any particular sample of bleaching powder 
cannot be expected to be capable of solution, for there is no cer¬ 
tainty that equilibrium has been established. The equilibrium 
composition of a bleaching powder giving any particular ultimate 
analysis (neglecting formation of chlorate) could be determined if 
data for equilibria in the quaternary system Ca(dO) 2 -Cad 2 -CaO-- 
H 2 0 at the same temperature were available. Consequently, it 
was decided to attempt at a suitable temperature a preli m inary 
investigation of the three ternary systems in which water is a 
component. 

Solutions of hypochlorites decompose rapidly at the ordinary 
temperature only in the presence of hypochlorous acid, and if this 
be removed by addition of a slight excess of alkali, the solutions 
are comparatively stable, forming chloride and chlorate and evolving 
oxygen very slowly (Foerster and Jorre, J. pr. Chem ., 1899, 59, 
53; Foerster, ibid ., 1901, 63, 141). Solutions of calcium hypo¬ 
chlorite which can contain only small concentrations of free hydr¬ 
oxide rapidly increase in stability as the temperature falls, partly 
because of the usual diminution of reaction rate and partly because 
less hypochlorous acid is formed by hydrolysis. The whole of the 
experimental work was therefore carried out at 0°, and in the 
system Ca(C10) 2 -CaCl 2 -H 2 0 a minute amount of calcium hydroxide 
was allowed to be present in the solutions. 

Experimental. 

A. Analytical Methods ,—Hypochlorite was estimated by the 
usual iodometric method, and chloride by the Volhard process if 
hypochlorite was absent. In the presence of hypochlorite, chloride 
was estimated by first determining the former, and then finding 
the total chloride present after the hypochlorite had been reduced 
by neutral hydrogen peroxide. The same method of reduction 
was employed when it was necessary to estimate hydroxide in the 
presence of hypochlorite. The accuracy of these methods was 
checked by a determination of total calcium by the oxalate-per¬ 
manganate process in a few control experiments. 

B. The Preparation and Properties of Calcium Hypochlorite .—The 
following procedure, based upon the process of the Chemische 
Fabrik Griesheim-Elektron (foe. cit.), was adopted. About 224 g. 
(4 g.-mols.) of calcium oxide, prepared by ignition of the pure 
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2702 


o’coioroE: 


precipitated carbonate, were treated with. 650 c.c. of water, whereby 
a thin paste resulted, quite free from lumps. The cooled paste was 
introduced into a cylindrical gas-jar provided with a rubber stopper 
with holes for an inlet tube and a stirrer. The inlet tube reached 
well down into the jar, and the stirrer, which was of anchor-shape, 
was made long and wide enough to agitate the whole contents of 
the cylinder when rotated rapidly by a motor. Chlorine, washed 
with water, was supplied from a small battery of diaphragm cells, 
with hydrochloric acid as electrolyte, at an initial rate of about 
105 g. per hour. The temperature was allowed to rise to about 
40°, external cooling being used when necessary. Under these 
conditions, there was no visible indication of basic salts, the calcium 
hydroxide progressively disappearing. After about 70% of the 
theoretical quantity of chlorine had been admitted, a sudden 
separation of calcium hypochlorite occurred, and the contents of 
the flask became pasty once more. The temperature was then 
reduced to about 25°, and more chlorine was passed in at one- 
third of the above rate, until from 90% to 95% of the theoretical 
quantity had been supplied. (After the separation of calcium 
hypochlorite, chlorine is not absorbed so readily, and a more rapid 
stream of the gas is partly wasted.) It was not found practicable 
to chlorinate beyond the limit given, as any further quantity of 
chlorine caused the complete loss of the preparation by production 
of free hypochlorous acid. 

The paste containing calcium hypochlorite was collected in a 
Buchner funnel on asbestos-paper, since ordinary filter-paper was 
rapidly destroyed. The filtration was somewhat slow, but when 
the characteristically soft mass was covered with asbestos-paper 
and well pressed, a fair separation from mother-liquor was effected. 
Comparatively little hypochlorite remained in solution. Further 
separation of mother-liquor was brought about by pressing the 
cake of hypochlorite between very thick plates of porous earthen¬ 
ware, specially made for the purpose. After a few hours, the 
apparently dry substance was desiccated in a vacuum over caustic 
soda. It formed pale greenish-yellow, almost odourless, apparently 
non-crystalline lumps, which developed a strong smell of hypo- 
chlorous acid on exposure to air. 

Pure calcium hypochlorite was prepared by making a saturated 
solution of the crude product in water and filtering off the insoluble 
residue of calcium hydroxide or basic salt. The solution was 
evaporated under the diminished pressure afforded- by a water- 
pump. Concentration progressed until the liquid was considerably 
supersaturated, and short, needle-shaped crystals finally appeared, 
at first slowly, then more rapidly. At this stage it was found best 
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to stop the evaporation, and allow the crystals to be produced 
without agitation. A more granular product, easily filtered and 
dried as described above, then resulted. A repetition of the 
process yielded calcium hypochlorite free from chloride, and there¬ 
fore free from chlorate. About \% of calcium hydroxide (or an 
equivalent quantity of basic salt) was present, rendering unfiltered 
solutions slightly turbid. Analysis of the final product gave results 
for hypochlorite and total chlorine which agreed with one another 
within the limits of experimental error. When thoroughly desic¬ 
cated, calcium hypochlorite shows no appreciable decomposition’ 

Fig. 1. 


HaP 



aqueous solutions are greenish-yellow, and decompose at 25—35° 
at the rate of about 1% per day, evolving a very slow stream of 
oxygen in minute bubbles. At 0°, there is no decomposition or 
evolution of oxygen during the period of the experiments. 

C. The System CaCl 2 -Ca0*-H 2 0.—This system has already been 
examined at 10°, 25°, 40°, 48°, and 50° (Mililtan, Z. physikah Chem 
1917,92,59), basic compounds CaCl 2 ,3Ca0,16H 2 0; Cad 2 ,CaO,2H a O; 
and CaCL>,CaO-5( ?4)H 2 0 being reported. The third was obtained... 
only at 48° and 50°, whilst the range of existence of the first increases 
and that of the second diminishes as the temperature falls. The 
results (Table land Fig. 1) obtained at 0° show that Cad*,3CaO,16BkO 
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is the only basic salt obtainable at that temperature It forms 
well-defined, transparent, needle-shaped crystals, which may attain 
a length of several mm. if the mother-liquor does not contain too 
much calcium chloride. 

Suitable complexes were rotated in a thermostat for about 24 
hours, which was found to be a sufficient time for establishment of 
equilibrium, and the composition of the solid phases was deduced 
by the residue method. The separation of residues from solutions 
was achieved in the following manner. The disc of a Gooch crucible 
“ was placed in the bottom of a small cylindrical funnel and covered 
with a pad of asbestos well pressed down, which was then thoroughly 
dried. The funnel w r as stoppered loosely, fitted to the neck of a 
filter-flask connected to the water pump, and immersed .in the ice 
and water of the thermostat, only the top projecting. The filtration 
could then be carried out at 0°, no matter how slowly the solution 
drained through the asbestos pad. The same process was adopted 
in the examination of the two systems about to be described. 

Table I. 

Composition, %. 


/ ^ 
Solution. Residue. 



CaCl 2 . 

CaO. 

CaCl 2 , 

CaO. 

Solid phase. 

1*025 

2*7 

0-214 

1*0 

46*51 


1*048 

5-5 

0-226 

2*0 

46-8J 


1*056 

6*8 

0-216 

— 

— 

Ca(OH) 2 + CaCl 2 ,3Ca0,16H 2 0. 

1*067 

7*6 

0-212 

12*7 

13*7> 


1*089 

10*2 

0-186 

13-5 

11*2 


1*111 

12*5 

0-172 

15*0. 

10*7 


1*133 

15*2 

0-164 

16*6 

9*8 


1*155 

17*4 

0-152 

18*4 

12*4 | 


1*186 

20*0 

0-148 

20*2 

11*8 

CaCl 2 ,3Ca0,16H 2 0. 

1*213 

22*8 

0-145 

21*8 

10*7 

1*240 

25*6 

0*142 

23*0 

13*4 


1*265 

28*0 

0*138 

24*9 

11*9 1 


1*280 

29*7 

0*152 

26*1 

11*1 


1*338 

34*9 

0*190 

31*0 

S*3 J 


1*370 

37*6 

— 

— 

— 

CaCl 2 ,6H 2 0. 


D. The System Ca(C10) 2 -CaCl 2 -H 2 0.—The investigation of this 
system presented no special difficulty. When calcium hypochlorite 
was intended to be present as solid phase, it was added in excess 
to suitable solutions of calcium chloride. It was necessary to have 
these solutions, particularly when concentrated, free from calcium 
hydroxide, otherwise the hydroxide, always present in small amount 
in solid calcium hypochlorite, was converted into basic chloride, 
and did not pass entirely into solution. A corresponding error in 
the composition of the residues, which became slightly too rich in 
calcium chloride, was then produced. 

The experimental figures, reproduced in Table II and Tig. 2, 
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show definitely that no compound of calcium hypochlorite and 
calcium chloride can be formed in aqueous solution at 0 °, and 
that the composition of the hydrate of the former salt is 
Ca(C10) 2 ,3H 2 0, and not Ca(C10) 25 4H 2 0 as reported by Kingzett 
and by Orton and Jones (i loc . tit.). The solubility of this hydrate 
in water at 0 ° is 21 - 8 %. 

Fig. 2. 


HP 



Table II. 
Composition, %. 


Solution. Residue. 


4 . 

Ca(C10) a . 

CaCl 2 . 

Ca(C10) a . 

CaCL. 

Solid phase. 

1-213 

21-8 

.— 

— 

— \ 


1-220 

10-0 

3-1 

42-5 

. 1-8 


1-228 

18-6 

5-3 

40*2 

3*1 


1-234 

16-1 

8-4 

41*5 

5*0 


1-238 

14-0 

10-8 

38-9 

6-7 


1-255 

11*0 

15-4 

38*5 

8*1 

Ca(C10) 2 ,3H a 0. 

1-270 

8-8 

19*4 

40*8 

9*7 

1-285 

7-4 

22-2 

37-8 

12*1 


1-322 

4-5 

28-5 

35-0 

15-5 


1-333 

4*2 

30-7 

35*2 

16*4 


1-366 

2-9 

34-0 

34*1 

18*9; 


1-388 

2*6 

36-4 

— 

— 

Ca(C10) g ,3H 2 0 + CaCl a ,6H 2 0, 

1-382 

1-370 

1*6 

36- 9 

37- 6 

0*7 

46*31 

j-CaCl a ,6H 3 0. 


E. The System Ca(C10) 2 -Ca0-H 2 0.—An extended series of 
measurements was undertaken, tie procedure being in all cases 
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to add solid calcium hypochlorite to milk of lime, and to agitate 
the resulting complexes for periods varying from 1 to 5 days before 
analysis. In order to avoid the presence of lumps, freshly burned 
calcium oxide was slaked in boiling water. Since accurate adjust¬ 
ment of the inital compositions of the complexes was sometimes 
necessary, the percentage of anhydrous substance in the calcium 
hypochlorite was determined immediately before use. Two basic 
salts were found (see Table III and Fig. 3) of formulae 
Ca(C10) 2 ,2Ca0,2H 2 0 and Ca(C10) 2 ,3Ca0,3H 2 0. These are referred 
to as B 1.2.2 and B 1.3.3, respectively. 


Fig. 3. 



The salt B 1.2.2 was formed in a few hours from complexes 
containing from 21*8% to about 16% of calcium hypochlorite, but 
subsequent investigation showed that its range of stable existence 
at 0° extends only from 21-8% to 18*0%. Prepared as described 
above, it was rather voluminous and not visibly crystalline. In 
consequence, residues, containing B 1,2,2 consisted chiefly of solu¬ 
tion, although an apparently good filtration had been achieved. 
Nevertheless, the residue method was quite capable of giving the 
composition of the solid phase with certainty. The range of stable 
existence of B 1.2.2 is probably greater above 0°, as it was observed 
that preparations of B 1.3.3 decomposed on being allowed to warm 
to room temperature, producing minute crystals. When the rise 
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Table III. 

Composition, %. 


\ 

Solution. Kesidue. 


<#. 

Ca(C10) a . 

CaO. 

Ca(C10) a . 

CaO. 

Solid phase. 

1*030 

3*0 

0*106 

1*85 

32*61 


1*053 

5*7 

0*105 

3*5 

31*9 >Ca(OH) 2 . 

1*077 

8*2 

0*110 

4*8 

32*6) 


* 1*103 

11*0 

0*114 

12*7 

31*21 


*1*122 

12*7 

— 

10*6 

19*5 ^Variable. 

*1*133 

14*0 

0*111 

13*4 

35*0 J 


1*093 

9*9 

0*091 

15*9 

9*8 


1*104 

11*1 

0*093 

16*9 

10*5 


1*123 

13*0 

0*093 

16*3 

7*35 

*B 1.3.3. 

1*142 

15*1 

0*077 

17*6 

5*2 

1*161 

16*9 

— 

20*3 

8*3 


1*168 

17*8 

— 

19*2 

3*7 J 


1*171 

18*0 

— 

22*4 

6*7 B 1.3.3 + B 1.2.2. 

* 1*154 

16*1 

— 

16*3 

7*4^ 


*1*172 

17*7 

0*105 

21*4 

6*8 


1*173 

18*2 

— 

24*0 

7-91B 1-2.2. 

1*189 

19*2 

0113 

25*3 

1*188 

19*8 

0*106 

25*0 

7*2 


1*203 

21*2 

0*106 

27*3 

7*7 J 


1*213 

21*8 

— 

— 

— Ca(C10) 2 ,3H 2 0. 


* Metastable equilibria. 


of temperature was slow, these were larger, taking the form of thin 
plates, 1—2 mm. in diameter, of great transparency and high lustre, 
entirely free from the greenish-yellow tint of the normal hypo¬ 
chlorite. They were transformed once more into B 1.3.3 on cooling 
to 0°. An excellent separation of residue from solution was 
possible, and the subsequent analyses proved conclusively that 
the crystalline substance was B 1.2.2. 

The compound B 1.3.3 was formed after a few hours when calcium 
hydroxide was agitated at 0° with a solution containing not less 
than 15% of hypochlorite. It is definitely different in appearance 
from B 1,2.2, excessively voluminous, and not visibly crystalline. 
In consequence, the compositions of solutions and corresponding 
residues were quite close together. A complex consisting of 50 c.c, 
of the above solution with about 1 g. of calcium hydroxide became 
of the consistency of cream, and larger amounts of calcium hydroxide 
produced a semi-solid mass—a fact which suggests that the basio 
salt may be highly hydrated; hut all the evidence (see Fig. 3) is 
against this supposition. Over a range of solutions containing 
from 18*0% to 9*9% of calcium hypochlorite, the tie-lines converge 
fairly well upon the point representing B 1.3.3. They converge 
better on a point slightly to the right of this along a line joining 
the points representing B 1.3.3 and calcium hydroxide. This 
would indicate a basic salt of approximate composition B 2.7.7, , 
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but the discrepancy may be due to experimental error or to the 
peculiarities of the system itself. 

Introduction of a suspension of B 1.3.3. into preparations in 
which B 1.2.2 had been formed as solid phase revealed the meta¬ 
stable existence of the latter in contact with solutions containing 
from 18*0% to about 16% of hypochlorite, the change of solid 
phase occurring after a few hours’ rotation. Owing to the relatively 
small quantities of calcium hydroxide which could be used, and 
the correspondingly small amounts of hypochlorite taken up in 
forming B 1.2.2 or B 1.3.3, it was not easy to obtain a residue 
containing both basic salts. This was finally produced by in¬ 
oculating with B 1.3.3 a series of preparations which differed only 
very slightly from one another in initial composition, and in which 
B 1.2.2 had already been formed. The difference in appearance of 
the two basic salts confirmed the analytical results. 

The equilibrium of B 1.3.3 and calcium hydroxide with solution 
could not be determined satisfactorily in spite of many attempts. 
The separation of B 1.3.3 did not always occur spontaneously when 
calcium hydroxide was agitated with solutions containing less than 
about 14% of calcium hypochlorite. Inoculation from another 
preparation caused it to separate, less and less readily, however, 
as the concentration of the solution fell. Below a concentration of 
10% the appearance of the suspended solid and of the residues 
was entirely that of calcium hydroxide, even after inoculation and 
subsequent rotation for several days, but analysis revealed a 
small proportion of hypochlorite in the solid phase. The best 
available approximation to the conditions of the equilibrium in 
question was obtained as follows. About 40 c.c. of a solution 
containing some 13% of calcium hypochlorite in contact with 
2*5 g. of calcium hydroxide were seeded with B 1.3.3 and rotated 
for several days. A large quantity of B 1.3.3 separated, but, 
owing probably to its slow formation, did not make the preparation 
unmanageable. The solution contained 9*9% hypochlorite, and 
the residue was practically free from hydroxide. Similar treat¬ 
ment of preparations in which the initial concentrations of the 
solutions varied from 12% to 10% yielded final solutions more 
concentrated than the above and residues of B 1.3.3 and calcium 
hydroxide. Reproducible results could not be obtained, and after 
a number of experiments the figure 9*9% was taken as a provisional 
lower limit to the range of stable existence of B 1.3.3 in contact 
with solution. 

The concentration of calcium hydroxide in the solutions was 
small and its variation smaller, furnishing no guide to the estab¬ 
lishment of equilibrium. In some cases, it was not determined. 



THE COMPOSITION OF BLEACHING* POWDER. PART I. 2709 


When agitated with solutions containing from 14% to 10% of 
calcium hypochlorite, calcium hydroxide took up varying small 
quantities of hypochlorite, which increased with hoth the con¬ 
centration of the solution and the time of agitation. Below 10%, 
the quantity was negligible. The appearance of the solid phase 
and residues was that of calcium hydroxide. This effect points to 
adsorption, mixed crystal formation, or production of some basic 
salt in variable amounts; but no decision between these possibilities 
could be made. Some of the analytical results are included in 
Table III, marked with an asterisk to indicate that they represent 
metastable conditions. Only equilibria believed to be stable are 
shown in Fig. 3. 

Of the basic salts reported by the Chemisehe Fabrik Griesheim- 
Elektron (Zoc. cit .), only two (B 1.2.2 and B 1.3.3) have been found 
to exist at 0° in contact with solutions containing hypochlorite 
and hydroxide. There is no definite evidence at this temperature 
of any other basic salt. 

Conclusions. 

Although equilibria in the appropriate quaternary system have 
not been investigated, it is possible to discuss at the present stage 
the probable composition of bleaching powder. A fresh sample, 
prepared by chlorinating nearly dry calcium hydroxide and con¬ 
taining about 35% of available chlorine, is roughly of the com¬ 
position 2Ca(C10) 2 4- 2CaCl 2 4 3Ca(OH) 2 4 4H 2 0. No compound 
of calcium hypochlorite and chloride exists at 0°, and the same is 
probably true at higher temperatures, as indicated by the method 
given for the preparation of the former salt. If present separately, 
the hypochlorite and chloride cannot be wholly in the form of 
trihydrate and hexahydrate, respectively, because the amount of 
water present is too small. Lower degrees of hydration, at least 
of the calcium chloride, are possible. Further, in ordinary good 
bleaching powder, the proportion of calcium hydroxide is too small 
to convert completely either the hypochlorite or the chloride present 
into any of the known basic salts, except CaCl 2 ,Ca0,2H 2 0. The 
extent to which these substances are present in dry bleaching powder 
prepared in the usual way is necessarily problematical, and is further 
limited in the case of CaCl 2 ,3Ca0,16H 2 0 by the amount of water 
available. The equilibrium distribution of the water and calcium 
hydroxide present, and the possibility of formation of a basic 
double salt cannot be discussed on the basis of the data at present 
available, but it appears likely that, in a solid preparation, basic 
salt formation, if it occurs at all, would be slow, and that fresh 
bleaching powder is therefore simply a mixture of calcium hydroxide 
with more or less hydrated hypochlorite and chloride. 
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Summary. 

1. A method was developed for the isolation of relatively pure 
calcium hypochlorite. 

2. The ternary systems Cad 2 -Ca0-H 2 0, Ca(C10) 2 ~CaCl 2 -H 2 0, 
and Ca(C10) 2 -Ca0-H 2 0 have been investigated at 0°. 

3. Basic salts CaCl 2 ,3Ca0,16H 2 0; Ca^O^CaO^E^O; and 
Ca(d0) 2 ,3Ca0,3H 2 0 were identified. 

4. No double salt was formed by calcium hypochlorite and 
calcium chloride. 

5. The probable composition of bleaching powder has been 
discussed in the light of these results. 

It is proposed to extend this investigation, and to attempt the 
isolation of the hypochlorites of metals other than calcium. 

The University or Queensland, 

Brisbane. [Received, June 22nd, 1927.] 


CCCLIX .—Some Effects of the Uneven Distribution 
of Current Density over an Electrode * 

By Ernest Sydney Hedges. 

In the ordinary course of electrolysis, the current density is not 
evenly distributed over a rectangular electrode, but tends to con¬ 
centrate at the comers and edges. (Possibly, this is related to the 
well-known tendency of an electric charge to escape from a point.) 
Thus, whenever film formation takes place at such an electrode, 
the film first forms at the lowest part of the electrode and travels 
up the metal in the form of a U of diminishing concavity. This is 
not due to a concentration gradient in the solution, for the phen¬ 
omenon occurs however vigorously the liquid is stirred, and is 
independent of the direction of flow of liquid over the electrode. 
Eor the same reason, the inside of an anode (i.e., the side facing the 
cathode) is more readily attacked than the outside. At a cathode, 
more metal is deposited on the inside than on the outer side, and 
the deposit is thicker at the comers and edges. 

In experiments with the easily passivated metals, some curious 
effects were observed through this behaviour. Anodes of iron 
were often found to be passive on the inside and active on the 
outside, where no oxygen was evolved; or, at somewhat higher 
C.D.% the lower portion of the outside of the electrode became 
passive, leaving the upper portion active, with the characteristic 
U-shaped boundary of separation. In certain cases, a small active 
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area was left near the liquid line, where rapid corrosion took place 
(compare Evans, J., 1927, 1035; Hedges, J., 1926, 831). It may 
be necessary to consider this factor in the type of liquid-line corrosion 
which is characterised by the presence of passivating media. In 
other cases, the main electrode remained active, whilst just the 
comers and edges of the electrode became passive. The most 
striking effects were observed with anodes of cobalt, which readily 
become passive, with evolution of oxygen, in moderately concen¬ 
trated solutions of sulphuric acid. In 50% (by vol.) sulphuric acid 
cobalt dissolves at low O.D.’s as a pink, cobaltous ion, but at higher 
CLD.’s it goes into solution as a green cobaltic compound. It was 
frequently observed that the inside of the electrode was dissolving 
to give a green solution, whilst the outside dissolved simultaneously 
to form a red solution. 

An interesting conclusion may be drawn from these observations 
in connexion with Adler’s theory (Z. physikal. Chem., 1912, 80, 385) 
of the cause of the periodic anodic dissolution of passive metals, 
according to which the periodic phenomenon is to be traced to 
alternations of polarity in local elements composing the electrode. 
In the experiments described above, periodic phenomena were 
observed, but they did not consist of an alternation of the active 
and passive regions. The phenomena did not differ in any respect 
from those observed at higher C.D.’s, when the whole surface of the 
electrode became alternately active and passive. Moreover, elec¬ 
trodes have been observed which, although clearly differentiated 
into active and passive zones, did not dissolve periodically. 

Bedford College (University of London), 

Regent’s Park, N.W. I. [Received, October 1th, 1027.] 


CCCLX .—The Sulphonation of Glyoxalines . Part III . 

By George Reginald Barnes and Frank: Lee Pyman. 

Sdlphonation of glyoxalines leads to a monosulphonic acid, which 
was assumed to be glyoxaline-4(5)-sulphonic acid (I) (Pyman and 
Ravald, J., 1920,117, 1429), but attempts to prove the orientation 
of the sulpho-group failed (Forsyth, Moore, and Pyman, J., 1924, 
125, 919). Recently, Balaban and King (this vol., p. 1858) have 
shown that 2-thiol-4(5)-methylglyoxaline can be oxidised to 4(5)- 
methylglyoxaline-2-sulphonic acid by means of hydrogen peroxide, 
and with the consent of these authors we have oxidised 2-thiol- 
glyoxaline (II) to glyoxaline-2-sulphonic acid (HI) by their method- 
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which is thus shown to be glyoxaline-4(5)-sulphonic acid, as 
previously supposed. 


CH- 
n 


ho 3 s-c- 


-NH 

—N : 


pH- 

CH- 


(I-) 


_^>OSH 

(II.) 


CH-NH >r . Rn tt 
CH-— W C 3 

(III.) 


4(5)-Methylglyoxaline has now been sulphonated, and yields a 
sulphonic acid which must be 4(5 )-methylghyoxaline-5{4:)-sulphonic 
acid (IV), since it is not identical with Balaban and King’s 
4(5)-methylglyoxaline-2-sulphonic acid (V). 


(IT '> ho,sI^ >oh ^>°- s0 * h <v '> 

It resembles glyoxaline-4(5)-sulphonic acid and 2-methylglyoxal- 
ine-4(5)-sulphonic acid in being readily decomposed by cold bromine 
water and in failing to yield an acid chloride on treatment with 
phosphorus pentachloride. Like gly oxaline -4 (5) - sulphonic acid, it 
is hydrolysed almost quantitatively by heating for 3 hours at 170° 
with concentrated hydrochloric acid, but glyoxaline-2-sulphonic 
acid is hydrolysed only to the extent of 12% under these con¬ 
ditions. It may be noted that all the many sulphonation and 
nitration products of glyoxalines which have been oriented hitherto 
contain the sulpho- or nitro-group in the 4- or 5-position, and there 
is no evidence at present that glyoxalines can be sulphonated or 
nitrated in the 2-position. 


Experimental. 

Glyoxaline-2-sulphonic Acid (III).—2-Thiolglyoxaline (3*21 g.) was 
added to Merck’s perhydrol (10*92 g.) diluted with water (21*8 c.c.) 
at — 5° to 0°. The solution was basified with sodium hydroxide, 
kept at 0° for 12 hours, and acidified to Congo-red with hydrochloric 
acid. When the solution was concentrated, glyoxaline-2-sulphonic 
acid (2*46 g.; yield 46*2%) separated. The mother-liquor was 
basified with potassium carbonate, evaporated to dryness, and 
extracted with alcohol. This extract gave with picric acid glyoxaline 
picrate (0*8 g.; yield 8*4%). 

Glyoxaline-2-sulphonic acid crystallises from water in colourless 
prisms containing lHgO, which is lost in a vacuum over sulphuric 
acid. The dried acid softens and darkens from 285° and melts at 
about 303° (corr.), whilst a mixture of this acid with the mono- 
sulphonic acid formed by the sulphonation of glyoxaline—glyoxaline- 
4(5)-sulphonic acid, m. p. 307°—melted at 272—275°. (The latter 
crystallises from water in anhydrous cubes; Pyman and Bavald, 
foe. cit) (Found: loss in a vacuum over H 2 S0 4 , 11*0, 11*L 
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C 3 H 4 0 3 N 2 S,H 2 0 requires H 2 0, 10*8%. Found in dried acid: C, 
24*3; H, 3-1; S, 21*7. C 3 H 4 0 3 N 2 S requires C, 24-2; H, 2-7; 
S, 21-6%). 

Glyoxaline-2-sulphonic acid is soluble in about 8 parts of cold 
water, more readily soluble in hot water, but insoluble in absolute 
alcohol. 

The barium salt crystallises from water in feathery needles con¬ 
taining 2H 2 0, and is soluble in about 3 parts of cold water, more 
readily soluble in hot water, but insoluble in alcohol [Found : loss 
at 120°, 7-2. (C 3 H 3 0 3 N 2 S) 2 Ba,2H 2 0 requires H 2 0, 7-7%, Found 
in dried salt: Ba, 31-3, 314. (C 3 H 3 0 3 N 2 S) 2 Ba requires Ba, 31*8%]. 
[Barium glyoxaline-4(5)-sulphonate crystallises from water in 
anhydrous octahedra; Pyman and Ravald, loc. cit .]. 

Hydrolysis. Glyoxaline-2-sulphonic acid (0-83 g.) and concen¬ 
trated hydrochloric acid (8*3 c.c.) were heated for 3 hours at 170°, 
and the product was mixed with aqueous barium chloride; barium 
sulphate was then precipitated in quantity (0*14 g.) corresponding 
to the hydrolysis of 12% of the acid. After removal of the excess 
of barium by means of sulphuric acid, and of hydrochloric acid by 
means of silver hydroxide, 045 g. (54%) of glyoxaline-2-sulphonic 
acid was recovered unchanged, whilst the mother-liquor gave with 
picric acid glyoxaline picrate (0-1 g.; yield 6-7%). This melted at 
205°, and did not depress the m. p. of an authentic specimen of 
glyoxaline picrate. 

Sulphonation of 4:(5)-Methylglyoxaline. —The well-dried and finely 
powdered sulphate from 16*76 g. of 4(5)-methylglyoxaline was 
added to 60—70% oleum (67*0 g.) at 0°, and the mixture heated for 
6 hours at 160°. The product was diluted with water, and sulphuric 
acid removed by means of barium hydroxide, excess of the latter 
being removed by carbon dioxide. The filtered solution was 
evaporated to dryness, and the residue was extracted with chloroform, 
which removed no unchanged base, and dried at 120°; 4344g. of crude 
barium salt containing 29*2% Ba were then obtained. These figures 
correspond to a yield of 90*5% of barium 4(5)-methylglyoxaline-5(4)- 
sulphonate, but when the salt was treated with the calculated 
quantity of sulphuric acid pure 4(5)-methylglyoxaline-5(4)-sulphonic 
acid was obtained in only 60% yield, and was accompanied by small 
quantities of a by-product more sparingly soluble in water, which 
was not obtained in a pure state. 

4i(5)-Methylglyoxaline-5(4:)-sulphonic acid (IV) crystallises from 
water in colourless, hexagonal plates containing 1H 2 0, which is 
lost at 100°. The dried acid melts at 278° (corr.) after sintering a 
few degrees lower. A mixture of this acid with a specimen of 
4(5)-methylglyoxaline-2-sulphonic acid (m. p. 280°), for which we 
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are indebted to Dr. King, melted at 235—240° (Found in air-dried 
acid: loss at 100°, 9-8,10-0. C 4 H e 0 3 N 2 S,H 2 0 requires H 2 0,10-0%. 
Found in dried acid: C,29-5; H,4-l; N, 17-4; S, 20-2. C 4 H 6 0 3 N 2 S 
requires O, 29-6; H, 3-7; N, 17-4; S, 19-8%). The acid is soluble 
in about 4 parts of cold water, more readily soluble in hot water, 
but insoluble in alcohol or ether. 

The sodium salt crystallises from water in long, silky needles, 
containing SHjO, and is soluble in about 2*5 parts of cold water, 
but insoluble in alcohol (Found in air-dried salt: H 2 0, 21-7, 21-6; 
Na, 9-5, 9-6. C 4 H 5 0 3 N 2 SNa,3H 2 0 requires H 2 0, 22-7; Na, 9-7%). 
The ammonium salt crystallises from water in anhydrous prisms 
which are soluble in about 4 parts of cold water but insoluble in 
alcohol (Found: N, 23-3. C 4 H 9 0 3 N 2 S requires N, 23-4%). The 
barium salt crystallises from 50% aqueous alcohol in long, opaque 
needles, conta ining 3H 2 0. It is soluble in 2 parts of cold water, 
but insoluble in alcohol [Found in air-dried salt: loss at 120°, 10-2, 
10-4. (C 4 H 6 03 N 2 S) 2 Ba, 3 H 2 0 requires H 2 0,10 - 5%. Found in dried 
salt: Ba, 29‘3, 29 - 5. (C 4 H 6 0 3 N 2 S) 2 Ba requires Ba, 29-8%]. 

Hydrolysis. 4(5)-Methylglyoxaline-5(4)-sulphonic acid (0-9 g.) 
was heated with concentrated hydrochlorio acid (10 c.c.) for 3 hours 
at 170°. The product was mixed with aqueous barium chloride 
and gave H66 g. of barium sulphate corresponding to the hydrolysis 
of 99*8% of the acid. The filtrate was basified with sodium car¬ 
bonate, filtered from barium carbonate, and evaporated to dryness. 
On extraction of the residue with chloroform an oil was obtained 
which gave with alcoholic picric acid 4(5)-methylglyoxaline piorate 
(0-89 g.; yield 57%; m. p. 159—160°, alone or mixed with an 
authentic specimen). 

Bromination. To the hydrated sulphonic acid (9*62 g.) in cold 
water (100 c.c.), bromine (1 mol.; 2-7 c.c.) was added, and the 
oolour of this was immediately discharged. On concentrating the 
solution and, on occasions, adding alcohol, various crops of crystals 
were obtained from which the unchanged acid (5-22 g.) and ammon¬ 
ium bromide (1*5 g.) were isolated. The final mother-liquor con¬ 
tained 1-03 g. of sulphuric acid. 

Anhydrous 4(5)-methylglyoxaline-5(4)-sulphonio acid did not 
appear to react with phosphorus pentachloride at 160°. 

Municipal College op Technology, 

University or Manchester. 


[Received, October 5th, 1927 .] 
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CCCLXI .—The Absorption Spectra of Various Alkaloids 
and their Salicylates and of other Derivatives of 
Salicylic Acid. 

By John Edward Purvis* 

In previous communications (J., 1925, 127, 2771; 1926, 775; 
this vol., p. 780), the author has discussed the influence of the 
basic and acidic constituents of various salts on their absorption 
spectra. This communication is to describe the results of further 
investigations on the spectra of various alkaloids and their salicyl¬ 
ates, and of other compounds derived from salicylic acid. The 
substances were dissolved in pure ethyl alcohol and a condensed 
cadmium spark was the source of radiant energy* 


Fig. 1. 


Wave numbers per mm. 
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I. Salicylamide (-), II. Salicylanilide (—.—). 

III. Benzene-b-azosalicylio acid (- ). 


Salicylamide (Fig. 1, I) shows two bands. They are not unlike 
those of salicylic acid, but the more refrangible one is not quite so 
well marked as that of the acid. Hartley and Hedley (J., 1907, 
91, 319) found that the bands of benzamide and benzoic acid were 
comparable, except that the benzamide band was not so wide as 
that of the acid. 

Salicylanilide has one large band (Fig, 1, II). Aniline itself has 
two large bands, namely, between 1/X 3508 and 1 /X 3648 and between 
1/X 4165 and 1/x 4309, as described by Hartley and Huntingdon 
(Phil. Trans., 1879, 170, 257) and by Baly and his colleagues (J,, 
1905, 87, 1332; 1915, 107, 1058). In salicylanilide, therefore* the 
two bands of aniline and the two bands of salicylic acid have been 
fused into one large band which covers the positions formerly 




2716 


PURVIS : THE ABSORPTION SPECTRA OF 


occupied by the bands of aniline and salicylic acid. These results 
are comparable with those obtained with benzanilide, where the 
bands of benzene and of aniline are replaced by one large band 
(Crymble, Stewart, Wright, and Glendinning, J., 1911, 99, 451). 

Benzene-5-azosalicylic acid shows two bands (Fig. 1, III). The 
absorption of the less refrangible and very wide one extends into 
the coloured regions, the group C 6 H 5 *N!N* probably accounting for 
the colour. The more refrangible band is weaker than the corre¬ 
sponding band of salicylic acid and almost disappears. 

Fig. 2. 

Wave numbers 'per mm. 

3000 3400 3800 4200 



o -Salicoyloxybenzoic acid (Fig. 2,1) shows two bands not unlike 
those of salicylic acid in their general form, but shifted more towards 
the red end. It has been noticed ( loc. cit.) that when the hydrogen 
of the hydroxyl group of salicylic acid is replaced by an acetyl 
group, as in o-acetoxybenzoic acid and other similar compounds, a 
striking change is produced and the absorption phenomena are not 
unlike those of benzoic acid. In o-salicoyloxybenzoic acid there is 
no such change, so that the presence of hydrogen of the hydroxyl 
group of OH*C 6 H 4 *CO* combined with the other group -O’CgH^COgH 
to produce the acid OH*0 6 H 4 *00 # 0*C 6 H 4 *C0 2 H enables the com¬ 
pound to retain the characteristic absorption of salicylic acid itself. 

Atropine and Atropine Salicylate .—Dobbie and Fox (J., 1913, 
103, 1193) describe two bands of atropine at about 1/X 3770 and 
1/X 3880. Gompel and Henri (Compt. rend., 1913, 156, 1541) 
found a third, weaker, band at 1/x 4020. The author has repeated 
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these experiments and can confirm the presence of three bands 
(Fig. 2, II). 

The curve of atropine salicylate (Fig. 2, III) exhibits a large band 
like that of salicylic acid, but not quite so strong. Besides that, 
there are three weak bands on the more refrangible side of this 
large band, and these are comparable with the three bands of 
atropine, but a little weaker. The more refrangible band of the 
acid is represented in the salt by a rapid extension of the rays 
between about 1/x 4100 and 1/X 4450. It is obvious, therefore, 
that the bands of both base and acid are still well marked in the 


Fig. 3. 



I. Pilocarpine. II. Pilocarpine salicylate. III. Colchicine. 
IV. Colchicine salicylate. 


salt, the chief differences being the weaker appearances of the 
bands of the latter. A sharper differentiation of the separate bands 
of the basic and acidic parts of the salt could only be made by an 
instrument of much greater dispersion. This remark applies to the 
following observations of other alkaloids and their salts. 

Pilocarpine, and Pilocarpine Salicylate .—In Jowett’s investigation 
of pilocarpine (J., 1903, 83, 438), Dobbie describes a weak band of 
pilocarpine nitrate at about 1 /X 3350. The author has repeated the 
observations with an alcoholic solution of the base itself and finds a 
weak band at about 1/X 3800 (Fig. 3,1). 

Pilocarpine salicylate shows two bands of salicylic acid (Pig. 3, II), ; 
As the thickness of the solution increases, the less refrangible band 
of the salt appears to be slightly wider than that of the acid; and 
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this is probably caused by the latter impinging on the -weak band 
of the base and covering it up; the absorptive power of the base 
only becomes visible as the thickness of the solution increases, A 
saturated solution of pilocarpine salicylate was also examined, but 
there was no appearance of a separate band of pilocarpine, showing 
that the bands of the acidic constituent covered up that of the 
basic part. The more refrangible band of the salt is not so well 
marked as that of the acid itself. 

Colchicine and Colchicine Salicylate, —The curves show (Fig. 3, 
III and IV) that each substance has two bands. The less refrangible 
band of the salt is wider on the more refrangible side than that of 


Fig. 4. 
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the base, and the more refrangible band of the base is stronger than 
the more refrangible one of the salt. These differences are probably 
again caused by the overlapping of the separate bands of the basic 
and acidic constituents. A greater dispersion would be necessary 
to separate these bands more sharply. The general shift of the 
absorption towards the red end explains the slight yellow colour of 
both these substances. 

Eserim ( Physostigmine ) and Eserine Salicylate .—The absorption 
curves (Fig. 4, I and II) show that each substance has two large 
bands, and, as in colchicine and its salicylate, the differences are 
the result of the bands of the acid and basic constituents partly 
overlapping each other. It was suggested by Stedman and Barger 
and experimentally confirmed by Spath and Brunner (Ben, 1925, 
58, 518) that physostigmine is a substituted indoline. The author 



ORGANIC DERIVATIVES OF SILICON. FART XXXUL 2719 


has investigated the absorption of indole and the curve is com¬ 
pared with that of eserine (Fig. 4, III). This exhibits several bands 
at 1/A 3460, 1/X 3560, and a weaker wider one at 1/A 3750. There is 
also a rapid extension of the line of absorption to about 1 /A 4200, 
and this probably indicates other weaker bands. All the bands of 
indole disappear in eserine. 

These results are to be compared with those described in the 
previous investigations (loc. cit.). In camphor salicylate, for 
example, the weak band of camphor at 1/A 3480 would appear to 
be covered up by the less refrangible strong band of salicylic acid, 
which widens out with increased thickness of the solution, to 
1/A 3600. Camphor salicylate has again been studied in M /10- 
solutions, and these are stronger than those of the earlier observ¬ 
ations, and through thicknesses of from 2 mm. to 28 mm. No 
camphor band appeared, whereas in camphor itself the band is 
perfectly clear in such strengths. Similar explanations account for 
the differences in theobromine and caffeine and their salicylates 
(loc. cit.). In the salicylates of phenazone and quinine (loc. cit.), 
the differences in the absorption are more clearly marked because 
the specific bands of the bases themselves are fairly strong, and they 
are not hidden by the bands of the acid nuclei. 

The specific absorptive capacity of these compounds, therefore, 
appears to depend upon the more or less intimate chemical com¬ 
bination of the various centres, as well as upon their chemical type. 
Where the chemical combination is not so close, as in the salicylates 
of the alkaloids, both the basic and the acid nuclei largely retain 
their own specific absorption. On the other hand, where there is a 
closer chemical combination of the absorbing centres, as, for 
example, in salicylanilide or benzene-5-azosalicylic acid, the specific 
absorption of each centre is not so sharply defined. Each centre is 
influenced by the other centres to a much larger extent than in the 
salicylates of the alkaloids and other organic bases. 

Public Health Chemical Laboratory, 

Cambridge. [Received, July 1st, 1927.] 


CCCLXII .—Organic Derivatives of Silicon. Part 
XXXIII. An Amorphous Variety of Octaphenyl- 
cyclosilicotetrane. 

By Frederic Stanley Kipping. 

Tech glue-like, readily soluble product (E) of the action of sodium 
on diphenylsilicon dichloride in toluene solution is so strikingly 
different in physical properties from the four very sparingly soluble ; 
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silicohydrocarbons [SiPh 2 ] w (A, B, C, and D) by which it is accom¬ 
panied (Kipping and Sands, J., 1921,119, 830) that it could hardly 
fail to arouse interest; its investigation, continued intermittently 
since 1921, has led to the conclusion that it consists mainly of an 
amorphous form of octaphenylc^cZosilieotetrane (B), the crystalline 
variety of which does not melt at 400° and is practically insoluble 
in cold acetone. 

The acetone solution of (E) ( loc . cit. } p. 836), kept in a closed vessel, 
continues to deposit crystals, but in gradually diminishing quantities, 
over periods of more than two years; these deposits consist of 
octaphenylcycZosiiicotetrane (B), but contain, as a rule, a very small 
proportion of the compound (C) (Kipping, J., 1924, 125, 2291); 
octaphenylsilicotetrane (A), which is much more soluble than (C), 
but much less soluble than (B), in ordinary media, has never been 
detected. It seems, therefore, that (E) is partly and very slowly 
transformed into (B), since ordinary supersaturation could hardly 
continue so long. When the acetone solution is systematically 
fractionally precipitated with alcohol, a very small proportion of 
(B) and sometimes traces of (C) are found after each extended set 
of operations, and this separation or formation of insoluble matter 
seems to continue almost indefinitely; most of the original pre¬ 
paration, however, is merely resolved into a series of fractions, all 
miscible with acetone, the more sparingly soluble of which consist 
of an easily fusible resinous material of the composition [SiPh 2 ] w , 
hereafter referred to as (E x ). The more soluble fractions are glue¬ 
like or oily, and contain combined oxygen, the origin of which was 
ultimately traced to the presence of phenoxy- and ethoxy-compounds 
in the diphenylsilicon dichloride (compare Kipping and Murray, 
this vol., p. 2734). This discovery and the difficulty of settling 
the nature of (E x ) made it advisable to hold back the results of its 
investigation until there was no doubt of its formation from the 
diehloride. 

Even after prolonged fractionation from many different solvents, 
(E x ) yields no crystalline compound, other than a little (B) and 
traces of (C); it merely affords a series of graded fractions. Cryo- 
scopic determinations in benzene solution give multiples of SiPh 2 
ranging from about 7 to 9, and the high molecular complexity of 
the material is also proved by its non-volatility at high temperatures 
in a vacuum (p, 2725). 

In chemical behaviour, (E x ) resembles octaphenylcycZosilico- 
tetrane (B) and is quite different from the reactive, open-chain 
isomeride (A); the fact that it does not combine with iodine seems 
to indicate, but does not prove [compare behaviour of (D), J., 1924, 
125, 2296], that it consists entirely of closed-chain molecules. It 
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is oxidised by nitric acid, giving a small proportion of the rhomboidal 
oxide, Si 4 Ph 8 0 2 (J., 1921, 119, 844), but practically the whole of it 
seems to be converted into diphenylsilicanediol and condensation 
products of the latter. It is decomposed by piperidine and aqueous 
alkali, giving hydrogen and diphenylsilicanediol (or condensation 
products). The observed hydrogen values (Kipping and Sands, 
loc. cit, p. 848) are a little lower than that required for SiPh 2 + 
2H 2 0 = SiPh 2 (OH) 2 + H 2 , probably owing to incomplete hydrolysis; 
the examination of the products (p. 2727) seems to prove, however, 
that the preparations do not contain any SiPli 3 -groups, but consist 
entirely of molecules [SiPk 2 ] n . 

Now when the physical properties of (E x ) are compared with 
those of octaphenylcycfosilicotetrane (B) and those of (C), which is 
possibly [SiPh 2 ] 6 or [SiPk 2 ] 8 —leaving out of consideration those of 
the open-chain compounds (A) and (D)—the contrast is so striking 
that even if (E x ) were regarded as a mixture of several cyclic com¬ 
pounds [SiPh 2 ] w , the latter could hardly be present as free molecules, 
capable of forming sparingly soluble crystalline structures of high 
melting point, like those of (B) and (C). It is therefore suggested 
that (E x ) consists of molecules of octaphenylcydosilicotetrane (B) 
which have got so entangled with one another during their formation 
that they are inseparable, or nearly so, by physical means at 
moderate temperatures. It is not assumed that the cyclic structures 
are joined together like the links of a chain, but that the molecules 
of (B) are held together by the interlocking of their phenyl groups, 
forming aggregates of irregular shape, which do not themselves 
pack into crystals and hinder the orderly arrangement of the 
whole; if some of these molecules were comparatively loosely 
attached, and the proportion of irregular aggregates was diminished, 
a slow deposition of ordinary crystals of (B) from solutions of (E x ) 
might be expected to take place to a certain extent, as actually 
occurs. It is possible that octaphenylc?/c/osilicotetrane and its 
higher analogues might assume configurations in which the silicon 
atoms do not all lie in one plane, and that such configurations 
might be rendered stable by the steric effects of their phenyl groups. 
Such assumptions, however, would not account adequately for the 
properties of (E x ), which seems to be a complex mixture of mole¬ 
cules, incapable of crystallisation. 

The view that (E x ) is merely a physically different form of (B) 
is borne out by the following : In one experiment, when (E) was 
heated under 5—0 mm., small quantities of oily “distillate,” 
apparently decomposition products, were collected as the temper¬ 
ature of the liquid rose from about 300° to 400° and at the same 
time a very considerable proportion of crystalline matter separated 
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from the residue, and did not all redissolve; this crystalline 
deposit consisted of octaphenylq/cfosilicotetrane (B) with a small 
proportion of octaphenylsilicotetrane (A). As it was hardly 
possible that so large a proportion of free (B) molecules could have 
been present in the crude (E), it must be concluded that these 
molecules had been set free by the action of heat. 

Unfortunately, attempts to repeat this conversion of (E^ into 
(B) have been unsuccessful, but the reverse operation is easily 
accomplished. When pure (B) is very rapidly heated above 400° 
until it is partly melted, and then immediately cooled, the glue-like 
melted portion is very readily soluble in cold acetone; the solution 
begins to deposit crystals of (B) after a variable interval and con¬ 
tinues to do so during several days or weeks; it then gives with 
alcohol a flocculent precipitate, [SiPh 2 ] n , melting indefinitely below 
150°, and having a molecular weight of about 1500. 

These results, the chemical similarity of (E x ) and (B), and all 
other facts seem to be best accounted for by the assumption that 
these two substances are physically different forms of octaphenyl- 
cycZosilicotetrane. 

The distillate referred to above, and a similar product from other 
samples of (E), consisted mainly of an oil which gave triphenyl- 
silicol on oxidation, or, with evolution of hydrogen, on treatment 
with acetone and alkali; from these facts, it would appear that 
this oil contained triphenylsilicyl, pentaphenylsilicoethyl, or hepta- 
phenylsilicopropyl. It is only formed from (E) very slowly and at 
high temperatures, but it is clear that the decomposition of the 
[SiPh 2 ]« molecules is accompanied by a transference of phenyl 
groups from one silicon atom to another. 

Experimental. 

The crystalline deposit which is formed when an acetone or 
ethereal solution of (E) is kept in a closed vessel does not redissolve 
when the supernatant solution is warmed; separated by filtration 
and treated with cold benzene, it often leaves a very small propor¬ 
tion of a residue which can be identified as (C) by crystallisation 
from benzene, etc. (compare J., 1924, 125, 2294). The main 
portion of the deposit, soluble in cold benzene, was identified as 
octaphenylcT/cfosilicotetrane (B) by-direct comparison; it did not 
decolorise a very dilute benzene solution of iodine and was therefore 
free from octaphenylsilicotetrane (A). 

As the formation of deposits in acetone solutions of (E) might 
conceivably be due to the action of alkali from the glass vessels, 
an acetone solution which had been kept some 3 months was filtered 
and acidified with a drop of hydrochloric aoid; the solution (in a 
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closed vessel; gave in the course of 6 months a deposit of (B), and 
the flask became coated with a very thin layer of some material 
insoluble in boiling benzene and other solvents, which could be 
detached in transparent, elastic films. Similar gelatinous films are 
often formed on the beakers used in fractionating (E) with acetone 
and alcohol; they char at a very high temperature but without 
melting and appear to be unchanged when boiled with acetone 
and potash. This material may be already contained in (E) and 
if so may be partly accountable for the low hydrogen values of 
(E*), or it may be a very complex condensation product of diphenyl- 
silicanediol (which will be described in a future paper), produced 
by the hydrolysis of (Ej). Crude (E) does not react appreciably 
with iodine, but it reduces silver nitrate in acetone solution very 
distinctly. 

Separation of Silicohydrocarbons (E x ).—Treated with alcohol, the 
acetone solution of (E) gives at first a white, plastic precipitate 
which can be pulled out into long, silk-like threads; the latter 
change into a very brittle solid when the solvents evaporate. By 
systematic fractional precipitation in this way, or with water, 
continued until each of the original fractions (say 8) has been 
redissolved and reprecipitated several times, the most sparingly 
soluble portion, now precipitated in a flocculent form, if again 
treated with cold acetone, usually gives a very small separation of 
(B) with traces of (C). Another systematic series of operations 
with the whole set of fractions, starting from the most soluble 
portion, yields a similar result, and it seems that this very sparingly 
soluble matter is being continually produced. 

Many different preparations of the less soluble fractions (but 
miscible with acetone) have been analysed; most of them retained 
solvent very tenaciously and lost in weight during more than 30 
days in a vacuum * (Found: Si, 15-3, 15-7, 15*5, 15-6, 154, 15*6; 
C, 77*6, 78*2, 77*9, 78*3; H, 5*9, 5*8, 5*9, 5*8; M> cryoscopic in 
benzene, 1558, 1395, 1456, 1225, 1410; hydrogen values, 110, 108, 
113, 116. SiPh 2 requires Si, 15*5; C, 79*0; H, 5*5%; If, 182; 
hydrogen value, 122) (compare J., 1921, 119, 848). 

The somewhat low combustion results are partly due to the 
difficulty of burning the last traces of carbon in the silica residue; 

* The best way of obtaining a sample ready for analysis is to dissolve it 
(2—3 g.) in a very little dry ether in a 300 c.c. beaker, evaporate the solvent 
on the water-bath to a “ glue,” and then, while the “ glue ” is still warm, 
evaporate the rest of the solvent quickly under reduced pressure j the residue 
froths and fills the beaker with a white foam, which after 10—15 minutes 
becomes ery brittle and can be easily broken up. Even such preparations 
do not beoome constant in weight in less than 3 to 5 days in a vacuum j to 
the unaided eye they appear to be beautifully crystalline. 
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the silicon determinations are trustworthy, since the residue obtained 
on ignition with sulphuric acid containing a little nitric acid is 
colourless.* The low hydrogen values have not been accounted 
for satisfactorily; they are partly due to the presence of some 
non-hydrolysable matter, possibly an amorphous form of (C). 

When (E) has been prepared from diphenylsilicon dichloride of 
about 95—97% purity (compare Kipping and Murray, Zoc. cit .) } f 
the product after two precipitations contains about 15*1% of silicon, 
consists mainly of (E^, and does not give phenol on hydrolysis; 
the isolation of (E x ) then presents no very great difficulty. The 
earlier crude preparations of (E), however, contained only 12*5— 
14% of silicon, and the isolation of (E x ) required a prolonged series 
of fractional precipitations whereby a large proportion of rather 
more soluble glue-like matter was gradually separated; this material 
gave phenol and ethyl alcohol on hydrolysis. 

The Silicohydrocarbon (E x ).—Many preparations of the composition 
[SiPh 2 ] n were fractionally extracted with boiling alcohol or boiling 
light petroleum, precipitated from hot phenol with alcohol, etc., 
but their properties underwent but little change, and no crystalline 
product, except perhaps traces of (B), could be isolated. The 
fractional diffusion of an acetone solution through unglazed earthen¬ 
ware also failed to afford crystals. 

The preparations have no definite melting point but gradually 
liquefy over a range of 20° or 30° or so, beginning to sinter from 
about 110° to 130°; they are miscible with cold ether, benzene, 
chloroform and many other solvents, from all of which they separate 
as “ glues,” which very gradually become brittle, but they are only 
sparingly soluble in boiling light petroleum and very sparingly in 
boiling alcohol or glacial acetic acid. Preparations kept in the 
solid state during 4—5 years are still miscible with cold acetone. 

(E x ) does not react appreciably with iodine in cold benzene 

* The silica is very hygroscopic and may absorb as much as 28*4% of 
water on exposure to the air. 

t It is no easy matter to ascertain whether—or when—the reaction with 
sodium is at an end. The toluene solutions of the product, which give no sign 
of a green flame with copper, afford an aqueous extract containing halogen. 
This seems to be partly present as sodium chloride, which is slightly soluble 
in toluene solutions of (E). The heating was usually stopped when an aqueous 
extract gave a neutral reaction to litmus, but even this test seems to be 
untrustworthy, and (E) may still contain halogen. If the heating with sodium 
is continued beyond a certain point, the filtered toluene solution gives an 
alkaline reaction, and the crude (E), obtained by evaporation, effervesces 
when treated with (undried) acetone ,* if this occurs, the fractional precipit¬ 
ation of the acetone solution with alcohol (after removing B) yields a large 
proportion of trianhydrotrisdiphenylsilicanediol, and the isolation of (E x ) is 
difficult or impossible. 
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solution; in carbon tetrachloride solution, a little bromine is 
absorbed, but many hours elapse before the proportion reaches 
Br 2 : [SiPh 2 ] 2 . In some cases traces of a crystalline bromo-compound 
were obtained, but the principal solid product was a very little 
rhomboidal oxide, probably formed by the hydrolysis of a dibromide, 
SiPh 2 Br*SiPh 2 Br, and subsequent condensation of the diol; the 
reaction seemed also to involve the partial separation of phenyl 
groups as bromobenzene without precipitation of silica. 

When (Ej), partly dissolved and partly suspended in glacial acetic 
acid, is cautiously oxidised with nitric acid, it yields the rhomboidal 
oxide, but is almost entirely converted into crystalline and oily 
condensation products of diphenylsilicanediol. 

Formation of (B) and (A) from (E ).—A solution of (E) (30—35 g.) 
in undried commercial ether, which had been kept about 3 weeks 
in a closed vessel and then filtered from the deposit of (B), was 
evaporated and the residue heated in a very short-necked (2") 
flask under 6 mm. pressure. At first a little (0*2 g.) diphenyl came 
over; the temperature then rose rapidly to about 300° (thermo¬ 
meter in liquid) and a very slow “ distillation ” commenced, frac¬ 
tions, each of about H c.c., being collected at 300—330°, 330— 
350° and 350—360°. The temperature then rose slowly to 400° 
(5 mm.), but no further distillation occurred and crystals which had 
been splashed on to the sides of the flask had not liquefied when 
the heating was stopped. 

When cold, the glue-like mass was treated with acetone and left 
over-night; most of it dissolved, leaving some crystalline matter 
(about 2 g.), which was washed with acetone. This product was 
almost completely soluble in cold chloroform, and was reprecipitated 
by acetone in short, rectangular prisms which were identified as 
those of octaphenylcyctosilicotetrane (B) by a direct comparison. 
The portion insoluble in cold chloroform (about 0*1 g.) crystallised 
from benzene in short, flat prisms and was proved to be octaphenyl- 
silicotetrane (A) by its behaviour towards iodine and in other ways. 

In order to prove that the cyclic silicohydrocarbon (B) had not 
been held in solution by the liquid “ distillate ” of (E), some of it 
was dissolved in a portion of this distillate; the solution, diluted 
with ether or with acetone, gave an immediate precipitate and 
apparently the whole of the dissolved (B) was deposited. 

Of the three fractions referred to above, the two more volatile 
ones fumed very slightly in the air and contained halogen.* All 
three fractions deposited traces of trianhydrotrisdiphenylsilicane- 
diol, reduced an aqueous solution of silver nitrafe in a marked 
manner, and gave hydrogen very readily with acetone and aqueous 

* The heating with sodium had been continued during at least 6 hours. 

. 1 , 4 z ' 
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alkali. The whole of this thick, oily “ distillate 55 was poured into 
glacial acetic acid (about 4 vols.)—in which it was only very spar- 
ingly soluble—and then a few drops of concentrated nitric acid 
were added; oxidation set in very readily and after the non- 
homogeneous mixture had been warmed on the water-bath during 
some 2 hours and then cooled, a considerable quantity of crystalline 
matter separated very slowly from the oily layer. This crystalline 
product, purified by recrystallisation from alcoholic chloroform, 
was conclusively proved to be triphenylsilicol by analysis, mixed 
melting-point determinations, etc., and by converting it into tri- 
phenylsilicyl oxide (m. p. 222—223°). 

The fact that this oil gave a large proportion (at least 25%) of 
triphenylsilicol on oxidation, whereas undistilled (E) gives no such 
product, seemed to prove that a migration of phenyl groups had 
occurred without separation of silicon or silica. The acetone solu¬ 
tion of the residue from the distillation, fractionally treated with 
alcohol, gave precipitates of much the same character as (E x ); 
they were, however, less readily soluble in acetone, and contained 
16—17% of silicon (SiPh 2 requires 15*4%), the percentage increasing 
with the duration of the “ distillation. 55 

In the hope of confirming these results, another preparation of 
(E), which had been kept in dry ethereal solution during 19 days, 
was separated from the usual deposit, and the crude (E) (12 g.) 
obtained on evaporation of the solvent was heated under 1—1*5 mm. 
(thermometer in the liquid) in a very short-necked flask. From 
about 283° to 310°, about 1£ c.c. of a thick oil very slowly collected 
in the receiver, but there was no separation of crystals from the 
distillate or from the residue, even when the latter was treated 
with acetone. 

The distillate contained only traces of halogen, reduced an aqueous 
acetone solution of silver nitrate, and gave triphenylsilicol on oxid¬ 
ation with a glacial acetic acid solution of nitric acid; when treated 
with alkali in acetone solution, it gave hydrogen readily at the 
ordinary temperature, and, after some of the solvent had been 
expelled, crystals of triphenylsilicol were deposited; these, left on 
porous earthenware, without having been freed from alkali, passed 
into crystals of the silicyl oxide. The mother-liquor from the 
silicol, warmed again with alcohol and alkali, gave further deposits 
of triphenylsilicyl oxide, and finally at least 80% of a portion of the 
original distillate was transformed into this compound. 

All attempts to isolate triphenylsilicol or the oxide from other 
portions of this distillate without using nitric acid or alkali were 
unsuccessful; the oil certainly did not contain the oxide, nor did 
it give any crystals of the latter after it had been heated for a long 
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time with alcohol and hydrochloric acid. The residue from this 
“ distillation ” solidified to a very brittle resin, which behaved on 
hydrolysis quite differently from ordinary samples of (E), inasmuch 
as it gave, in addition to diphenylsilicanediol, a considerable pro¬ 
portion of triphenylsilicyl oxide. A direct comparison of two 
samples of the same preparation of (E), one of which had been 
heated at about 350° for some time, proved that only the latter 
gave triphenylsilicyl oxide on hydrolysis; from 3*7 g. of the 
unheated material, only about 0*25 g. was not ultimately con¬ 
vertible into diphenylsilicanediol or other products soluble in 
aqueous alkali. 

It must be concluded from these results that at high temperatures 
some of the molecules composed entirely of SiPh 2 groups are decom¬ 
posed, giving triphenylsilicyl, SiPh 3 % or some other compound con¬ 
taining a SiPh 3 -group. 

Conversion of Octaphenylcjolosilicotetrane into an Amorphous 
Form .—When pure (B) is very rapidly heated in a test-tube over 
a free flame in an inert atmosphere, it can be partly melted, and 
when the cooled product is treated with cold acetone, the melted 
portion dissolves, leaving the crystalline matter; by repeating 
these operations, the whole of any sample of (B) can be obtained 
in solution in about 1—2% of the volume of solvent which would 
have been required to dissolve the crystals, but not more than 
0-1 g. of (B) should be heated at a time. The acetone solution 
begins to deposit crystals of pure (B) either within a few minutes 
or only after some hours, and this deposition may continue during 
many days : the filtered solution gives with alcohol an apparently 
amorphous, flocculent precipitate, which, when separated and freed 
from solvent, melts very indefinitely from 110° to 150° and contains 
154% of silicon (SiPh 2 requires Si, 15-5%); the molecular weight 
in camphor was found to be 1500, whereas under the same conditions 
crystalline (B) gives the normal results for [SiPh 2 ] 4 (J., 1924, 125, 
2291). The alcoholic acetone filtrate from the amorphous precipitate 
gives on evaporation a little more of an apparently identical product. 

As there is no charring, or evolution of vapour, or separation of 
insoluble matter when (B) is thus heated, and as the whole of the 
product seems to be silicohydrocarbon [SiPh 2 ] w , it is concluded 
that the soluble amorphous product is merely a form of octaphenyl- 
cyeZosilicotetrane in which the molecules have become entangled 
with one another. It is not suggested that this form, produced 
by melting (B), is identical with (E x ); it seems to differ from (E*) 
in being more readily and more completely transformed into the 
crystalline variety, and may be regarded rather as a mixture of 
(B) molecules analogous to that which is contained in the original 
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toluene solution of (E) and from which a considerable proportion 
of (B) is rapidly precipitated on the addition of acetone. 

The author has been assisted in this investigation by J. E. Sands 
and R. Vyle, M.Sc., and has also received financial help for the 
purchase of diphenylsilicon dichloride (kindly supplied by Boots’ 
Pure Drug Company) from the Government Grant Committee of 
the Royal Society : for all such assistance he wishes to record his 
indebtedness. 

University College, Nottingham. [Received, August 9 th, 1927.] 


CCCLXIII .—Organic Derivatives of Silicon. Part 
XXXIV. The Action of Sodium on Phenoxy¬ 
diphenylsilicyl Chloride . 

By Frederic Stanley Kipping. 

Since the product (E) of the action of sodium on diphenylsilicon 
dichloride may give on hydrolysis appreciable quantities of phenol 
(this vol., p. 2724), it was inferred that the dichloride, in spite of its 
constant boiling point, might be contaminated with phenoxyphenyl- 
silicon dichloride, phenoxydiphenylsilicyl chloride, or diphenoxydi- 
phenylsilicane. It is known that atmospheric oxidation may occur 
during the preparation of magnesium phenyl bromide (Porter and 
Steel, J . Amer . Chem . Soc 1920, 42, 2650) and the resulting 
Grignard reagent, containing magnesium phenoxy-bromide, might 
give rise to phenoxy-derivatives if used for the preparation of 
diphenylsilicon dichloride from silicon tetrachloride. 

The action of phenol on diphenylsilicon dichloride was therefore 
studied, partly in order to observe the boiling points of two of the 
phenoxy-derivatives just mentioned, but mainly in the hope that 
by the fractional distillation of the product some other unknown 
impurity in the dichloride might be isolated and identified. 

The results gave no support to the inference that the dichloride 
formed a constant-boiling mixture with either of these phenoxy- 
derivatives, and the product—consisting of phenoxydiphenylsilicyl 
chloride, diphenoxydiphenylsilicane, and unchanged diphenylsilicon 
dichloride—could be separated into its components by fractional 
distillation; no fraction representing the long sought-for impurity 
in the dichloride (compare Kipping and Murray, this vol., p. 2734) 
was obtained. 

The action of sodium on phenoxydiphenylsilicyl chloride was 
then exami n ed in the hope that symmetrical diphenoxytetraphenyl- 
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silicoethane would be produced, just as hexaphenylsilicoethane is 
formed from triphenylsilicyl chloride (Kipping, P., 1911, 27, 144); 
the results were quite unforeseen. The products, isolated with the 
aid of anhydrous solvents, were octaphenylsilicotetrane, 
-SiPh 2 *SiPh 2 -SiPh 2 -SiPh 2 - 

(Kipping and Sands, J., 1921, 119, 830; Kipping, J., 1923, 123, 
2590), diphenoxyoctaphenylsilicotetrane, Ph0*[SiPli 2 ] 4 *OPh, and 
diphenoxydiphenylsilicane; from the remaining material, with the 
use of other solvents not free from water, phenol, diphenylsilicane- 
diol, a considerable proportion of an apparently amorphous solid, 
which is possibly PhO*[SiPh 2 ] 4 *OH, and a very viscous oil, possibly 
PhO*SiPh 2 *SiPh 2 *OPh, were obtained. 

The formation of octaphenylsilicotetrane suggested that the 
phenoxy-chloride was contaminated with diphenylsilicon dichloride; 
but in subsequent preparations, using only material which, from its 
boiling point and from analyses, was the pure phenoxy-derivative, 
the three products named above were again obtained, apparently 
in the same yields as before; moreover, that of the silicohydro- 
carbon seemed to be about as large as if diphenylsilicon dichloride 
had been used instead of the phenoxy-chloride. 

Now the supposed phenoxy-chloride cannot be a mixture of equal 
quantities of diphenylsilicon dichloride and diphenoxydiphenyl¬ 
silicane. The product of the action of phenol (1 mol.) on the 
dichloride is not a liquid of constant boiling point, but distils over 
a range of about 100°. Further, the phenoxy-chloride is immedi¬ 
ately and completely soluble in a cold 5% solution of potassium 
hydroxide, whereas the diphenoxy-derivative is practically insoluble 
in, and is only slowly hydrolysed by, such a solution; a prepared 
solution of the diphenoxy-compound in the dichloride gives crystals 
of the former when it is added to cold aqueous alkali. Another 
important fact, which seems to show that the phenoxy-chloride is 
not converted into a mixture of the dichloride and the diphenoxy- 
derivative at any stage of the reaction, is that, so far as can be 
ascertained, the other products of the action of sodium on diphenyl¬ 
silicon dichloride, namely, octaphenylcyctosilicotetrane (B) and the 
complex silicohydxoearbons (C) and (D) (Kipping, J., 1924, 125, 
2291), are not formed from the phenoxy-chloride. Finally, the 
production of diphenoxyoctaphenylsilicotetrane proves that a 
phenoxy-derivative takes part in the reaction, but apparently 
diphenoxydiphenylsilicane is not attacked by sodium even at 
temperatures above 110°. 

Although, therefore, it must be concluded that octaphenylsilico¬ 
tetrane and its diphenoxy-derivative are obtained from the phenoxy- 
chloride, the mechanism of their formation is obscure. The pro- 
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duction of diphenoxydiphenylsilicane seems to prove that at one 
stage sodium phenoxide is formed, and reacts with unchanged 
phenoxy-chloride to give the diphenoxy-derivative; this view is 
confirmed by the fact that sodium phenoxide is present in the 
blue insoluble residue (p. 2731). It does not seem likely, however, 
that symmetrical diphenoxytetraphenylsilicoethane is produced and 
then reacts with sodium to give sodium phenoxide, because, although 
some ethers are attacked by the metal (Schorigin, Ber., 1926, 59, 
2510), diphenoxydiphenylsilicane and diethoxydiphenylsilicane 
(Kipping and Murray, this vol., p. 2736) appear to be unacted on. 
It may be suggested, therefore, that the phenoxy-chloride is decom¬ 
posed by sodium, giving first SiPh 2 Cl*SiPh 2 Cl and then 
SiPh 2 Cl*[SiPh 2 ] 2 *SiPh 2 Cl, 

and that a part of the latter is transformed into octaphenylsilico- 
tetrane, whilst some of it reacts with sodium phenoxide to form 
diphenoxyoctaphenylsilicotetrane. The absence from the reaction 
product of (B), (C), and (D), however, does not accord with these 
assumptions, since it would seem to be highly probable that (B) 
at any rate would also be formed from such dichlorides. 

Expeeimental. 

Interaction of Phenol and Dijphenylsilicon Dichloride .—Phenol 
(1 mol.), dissolved in a little benzene, is dropped slowly into di- 
phenylsilicon dichloride * at about 150°, hydrogen chloride being 
immediately evolved; the liquid is then heated at about 200° until 
the evolution ceases (about 3 hours). The product deposits crystals 
of diphenoxydiphenylsilicon when it is kept at 0°, but it is more 
convenient to separate the latter by distillation (40 mm.). The 
first fraction (15—20%) is collected at about 200—240°, a large 
fraction (about 45%) at 250—260°, and a second large fraction at 
280—310°* leaving a small residue. The liquid collected from 
200—240°, when again treated with about one-half of its weight 
of phenol, gave further quantities of the two phenoxy-derivatives, 
but no fraction having the boiling point of diethoxydiphenylsilicane, 
a possible impurity in the diphenylsilicon dichloride, could be 
isolated. 

Phenoxydiphenylsilicyl chloride , SiPh 2 ChOPh, obtained by the 
further fractionation of the liquid, b. p. about 250—260°, is a thick 
oil which barely fumes in the air and is miscible with light petroleum 
and other anhydrous solvents; it boils at 252—254°/40 mm. 
[Found: Cl, 11*0, 10*9, 11-2, 11*1 (four different preparations); 

* Three samples of the diohloride (b. p. 224—226°/100 max.) were used, 
containing 25*2, 24*8, and 25*7% of chlorine, respectively. (Calc* for 
SiPhjCljj : d, 27*9%.) Compare Kipping and Murray, loo , tit. 
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Si, 9*0. C 18 H 15 OClSi requires Cl, 114; Si, 9*1%]. It is immedi¬ 
ately and completely soluble in a 5 % solution of potassium hydroxide, 
giving the potassium derivatives of phenol and of diphenylsilicane- 
diol. When left exposed to moist air, it is gradually converted into 
a solid, smelling strongly of phenol, which after recrystallisation 
from benzene consists of trianhydrotrisdiphenylsilicanediol. 

Diphenoxydiphenylsilicane, SiPh 2 (OPh) 2 , separates in crystals 
from the fraction collected above 280°, but as it is always mixed 
with a considerable proportion of the oily phenoxy-chloride the 
crude product is fractionated again; it then crystallises from light 
petroleum in massive, colourless prisms and octahedra, m. p. 70— 
71° (Pound: Si, 7*7, 7*8. C 24 H 20 O 2 Si requires Si, 7*7%). It is 
very readily soluble in ether, chloroform, benzene, or acetone, but 
only moderately soluble in cold alcohol. It can be recrystallised 
from the last-named solvent, but the crystals seem rather sticky 
and melt at 65—69°, doubtless owing to some very slight hydro¬ 
lysis having occurred; if attempts are made to recrystallise the 
impure substance, containing phenoxy-chloride, from alcohol, com¬ 
plete decomposition results, and trianhydrotrisdiphenylsilicanediol 
may separate. When boiled with water for a short time, the di- 
phenoxy-derivative is not appreciably hydrolysed, owing to its 
insolubility; it is also relatively stable towards a 5% solution of 
sodium hydroxide, but it is very readily hydrolysed in presence of 
acetone or alcohol with separation of trianhydrotrisdiphenylsilicane- 
diol, whilst sodium phenoxide remains in solution. The fact that 
diphenoxydiphenylsilieane is present in a toluene solution which 
has been boiled during several hours with excess of sodium, is 
conclusive evidence of its stability under such conditions, and yet 
when an apparently pure specimen, recrystallised from light 
petroleum and melting sharply at 70—71°, is heated with sodium 
and a little toluene a distinct effervescence occurs and the metal 
is coated with a white powder. The reaction, however, soon ceases 
and the rest of the phenoxy-compound is unaltered. It would seem 
from these observations, repeated several times, that the recrystal¬ 
lised substance contains a small proportion of diphenylsilicanediol 
or phenoxyhydroxydipkenylsilicane. 

Action of Sodium on Phenoxydiphenylsilicyl Chloride .—Preshly 
distilled phenoxy-chloride is dissolved in dry toluene (about 4 vols>), 
excess of sodium added, and the whole heated; an exothermic 
reaction soon sets in and the metal becomes coated with a blue crust 
similar to that obtained with diphenylsilicon dichloride under the 
same conditions. After the solution has boiled during 2-—3 hours 
it contains some colourless crystals and seems to be free from 
phenoxy-chloride when tested with a copper wire. The hot solution 



2732 


KOPPING : 


is filtered, the blue residue (I) washed with toluene, and the combined 
filtrate and washings are evaporated under reduced pressure. The 
almost colourless, oily product, when mixed with a little light 
petroleum (b. p. 50—60°), gives a crystalline precipitate (II), and 
the filtered solution, diluted with more petroleum, gives an oily 
separation (III); the clear petroleum solution, decanted from the 
oil, gives a further oily deposit (IV) when it is kept at 0°, but even 
then it contains a considerable quantity of product (V). 

Isolation of octaphenylsilicotetrane . The blue residue (I) of 
sodium, sodium chloride, and sodium phenoxide is added in small 
portions to alcohol-acetic acid, the solution being kept acid; the 
insoluble matter, after being well washed with water, consists of 
almost pure octaphenylsilicotetrane, which was fully identified by 
a mixed melting-point determination, by its characteristic action 
with nitrobenzene and with iodine (compare Kipping and Sands, 
loc . cit.) 3 and in other ways. So far as could be ascertained, the 
silicohydrocarbons (C) and (D) which are formed together with 
octaphenylsilicotetrane by the action of sodium on diphenylsilicon 
dichloride are not produced from the phenoxy-chloride; all the 
organic matter from the blue residue is soluble in boiling benzene, 
and although the final mother-liquors and the deposits were care¬ 
fully examined, not a single crystal of (C) could be detected (com¬ 
pare Kipping, J., 1924,125, 2294). 

Diphenoxyoctaphenylsilicotetrane, PhO*[SiPh 2 ] 4 *OPh. The pre¬ 
cipitate (II) consists of diphenoxyoctaphenylsilicotetrane and octa¬ 
phenylsilicotetrane. The former is extracted with boiling benzene, 
in which it is much the more soluble, and is then recrystallised from 
boiling chloroform and again from benzene, from which it separates 
in well-defined, rhomboidal pyramids and in prisms, m. p. 215— 
216° (Pound: Si, 12-3; C, 78*1; H, 5*2; Jf, in camphor, 1083, 
1040. C 60 H 50 O 2 Si 4 requires Si, 12*3; C, 78*7; H, 5*5%; M, 915). 
The diphenoxy-compound is decomposed when it is heated with 
piperidine and a concentrated solution of sodium hydroxide, giving 
the sodium derivatives of phenol and diphenylsilicanediol, with 
evolution of hydrogen. [Hydrogen value (compare Kipping 
and Sands, J., 1921,119, 848) found, 69*0, 67*4, 70*5; calc, for 
PhOlSiPha^OPh + lONaOH = 2PhONa 4- 4SiPh 2 (ONa) 2 + 2H 2 0 
4- 3H 2 , 73*1]. 

Diphenoxyociaphenylsilicotetrane is practically insoluble in ether, 
acetone, alcohol, and glacial acetic acid, and is far less soluble in 
cold benzene and chloroform than octaphenylcycZosilicotetrane (B): 

. it is so like the rhomboidal oxide (Kipping and Sands, J., 1921,119, 
844) in crystalline form, solubilities, and melting point that it might 
well be mistaken for the latter, but its mixture with the rhomboidal 
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oxide melts at 208—211°. It is very readily soluble in boiling 
aniline, from which it separates on cooling in small prisms. It 
seems to be unchanged when it is heated during 1—2 hours with a 
glacial acetic acid solution of nitric acid, and it is so slowly hydro¬ 
lysed when it is boiled with an alcoholic solution of hydrochloric 
acid that after about 20 hours’ heating most of the substance remains 
undissolved and unchanged; the presence of phenol in the resulting 
pink solution can, however, be proved. The stability of the com¬ 
pound may be attributed to steric hindrance; its formation from 
the phenoxy-chloride under the above-described conditions is all 
the more noteworthy in view of the non-production of decaphenyl- 
silicotetrane by the action of magnesium phenyl bromide on octa- 
phenylsilicotetrane di-iodide (Kipping, J., 1923, 123, 2602), 

Other products from the phenoxy-chloride. From the combined 
oily separations (III) and (IV), by fractional extraction with light 
petroleum, diphenoxydiphenylsilicane was isolated and then, with 
the aid of a mixture of acetone and light petroleum, some diphenyl- 
silicanediol, which had no doubt been formed by the hydrolysis of 
the diphenoxy-derivative during the prolonged fractionation with 
undried solvents. The mother-liquors from the diol gave on 
evaporation a glue-like mass, smelling strongly of phenol, which 
did not crystallise in the course of some weeks; after being washed 
with water and dissolved in acetone, this glue was precipitated by 
alcohol as a white curd, very similar in properties to the precipitates 
of (E x ) obtained in like manner (this voL, p. 2723). This product 
was redissolved and reprecipitated many times and then repeatedly 
extracted with warm alcohol, in which it was only very sparingly 
soluble; the warm glue was then drawn into threads and when 
cold the brittle mass was powdered and freed from solvent. Two 
different preparations gave Si, 13*3 and 13*6%,respectively; when 
hydrolysed with piperidine and sodium hydroxide, they gave hydro¬ 
gen, sodium phenoxide, and the sodium derivative of diphenyl- 
silicanediol, and the following hydrogen values : 82*7, 80*3, 81*1, 
These results agree with those required for 

HO*SiPh 2 -SiPh 2 *SiPh 2 -SiPh 2 *OPh, 

but the physical properties of the material do not seem to corre¬ 
spond with such a formula; possibly the substance is an oxide, 
(Ph0*SiPh 2 *SiPh 2 *SiPh 2 *SiPh 2 *) 2 0. 

The light petroleum solution of the product (V) gave on evaporation 
a very thick, colourless oil, which in the course of some months 
deposited a considerable proportion of diphenoxydiphenylsilicane; 
this was removed by repeated extraction with warm alcohol. The 
residue was then completely and readily soluble in cold light petrol¬ 
eum (b. p. 40—50°), from which it separated as an oil. This product 

. : 4-a 2 
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contained 10*9% of silicon and is possibly impure symmetrical 
diphenosytetraphenylsilicoethane, PhO*SiPh 2 *SiPh 2 * OPh, which 
requires Si, 10*3%; it gave hydrogen with acetone and sodium 
hydroxide, and the alkaline solution then contained sodium pheii- 
oxide and the sodium derivative of diphenylsilieanediol. 

The author wishes to express his indebtedness to Mr. R. Vyle, 
M.Se., who rendered very efficient assistance during this work, and 
to the Government Grant Com m ittee of The Royal Society for 
funds from which to buy diphenylsilicon dichloride from Boots’ 
Pure Drug Co. 

Univebsity College, Nottingham. [Received, August 9th, 1927.] 


CCCLXIV *—Organic Derivatives of Silicon. Part 

XXXV. The Preparation of Diphenylsilicon 
Dichloride: “ Gri guard 55 Ether and its Action on 
Silicon Tetrachloride. 

By Frederic Stanley Kipping and Arthur George Murray. 

The analysis of the first sample of diphenylsilicon dichloride gave 
28*0% of chlorine (Calc, for SiPh 2 Cl 2 : Cl, 27-9%).* Large quan¬ 
tities of this compound were used later for the preparation of 
diphenylsilieanediol, and during a very careful examination of the 
latter and of its condensation products (J., 1912, 101, 2108, 2125) 
there was no indication of unknown impurity in the dichloride. 
When, however, it was discovered that the product (E) contained 
phenoxy-compounds (this vol., p. 2720), several samples of the 
dichloride were examined and found to contain only 23—24% of 
chlorine; f they also gave 3—4% of phenol on hydrolysis. 

The preparation of the magnesium phenyl bromide used in making 
the silicon compound was then carried out in an atmosphere of 
nitrogen (compare this vol., p. 2728), as was also, later on, the actual 
preparation of the dichloride; the samples thus obtained (b. p. 
223—224° or 224—225°/100 mm.) gave inappreciable quantities of 
phenol, but still contained only 25*5—26% of chlorine, a proportion 
which could not be altered by further fractionation under various 
pressures. The silicon percentages in such samples agreed very 
closely with that required for SiPh 2 Cl 2 , an indication that the 

* J., 1912, 101, 2114. The sample was prepared and purified by one of 
us (F. S. K.), but was analysed under direction by a senior student, ignorant 
of the nature of the substance. 

f The purchased samples were invoiced as having a purity of 80-90%. 



ORGANIC DERIVATIVES OE SILICON. PART XXXV. 2735 


impurity might be SiPh 2 (OEt) 2 or SiPh 2 (OEt)Cl, formed from 
traces of alcohol in the large volume of ether used in their prepar¬ 
ation; but no matter how thoroughly the Grignard ether was freed 
from alcohol, the purity of the dichloride could not be increased 
and all samples gave alcohol on hydrolysis. 

The behaviour of silicon tetrachloride towards ether was then 
studied (the tetraiodide is known to react; Eriedel, Ber., 1872, 5, 
27) and it was found that even at the ordinary temperature a slight 
action occurs, probably as follows : SiCl 4 + Et 2 0 = SiCl 3 *OEt -f 
EtCL The difficulty of preparing pure diphenylsilicon dichloride is 
therefore almost certainly due to the formation of ethoxydiphenyl- 
silicyl chloride, which cannot be separated by distillation (p. 2736). 

As a solution of magnesium phenyl bromide could not be obtained 
without the use of ether, the method of preparation of the di¬ 
chloride was modified so as to limit the interaction of the ether 
and the tetrachloride. The results were fairly satisfactory, but 
the product still contained a small proportion of some ethoxy- 
compound. 

The fact that ether reacts with silicon tetrachloride probably 
accounts for previous difficulties in preparing various organic 
derivatives of silicon. Thus from the product of the interaction 
of magnesium ethyl bromide and the tetrachloride, it may not be 
hard to obtain ethylsilicon trichloride, but the isolation of the di- 
and the tri-ethyl derivatives by fractional distillation is a very 
troublesome task (J., 1909, 95, 311); the difficulty of preparing a 
pure sample of phenylethylsilicon dichloride (J., 1907, 91, 217) is 
also possibly due to the contamination of the product with ethoxy- 
phenylethylsilicyl chloride. In the case of a crystalline product, 
the formation of some ethoxy-compound would not matter so much, 
as the impurity would doubtless remain in the mother-liquor; this 
has been proved to be so in the case of dibenzylsilieon dichloride, 
since the liquid fractions from the crude preparation give ethyl 
alcohol on hydrolysis. 


Experimental. 

For the detection of phenoxy- and ethoxy-groups in an ordinary 
sample of diphenylsilicon dichloride, the latter is dropped into 
excess of a 5% solution of sodium hydroxide, and a small pro¬ 
portion of the liquid is then distilled and tested for alcohol; the 
residue is acidified and again distilled and the distillate is treated 
with bromine water. Samples of the dichloride prepared by the 
method described later do not give a recognisable quantity of 
tribromophenol. 

Interaction of Ether and Silicon Tetrachloride,—Yery carefully 
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purified ether was heated under reflux during about, 4 hours with 
an equal volume of silicon tetrachloride; about one-half of the 
liquid was then distilled and the residue was treated with an excess 
of sodium hydroxide solution and again distilled; the first small 
portion of the aqueous distillate gave a distinct but very slight iodo¬ 
form reaction. By heating the recovered ether (20 c.c.) with about 
5% of silicon tetrachloride in a sealed tube during about 8 hours 
at 100° and then proceeding as before, about four times as much 
iodoform was obtained, but even under these conditions the quan¬ 
tity was only about 5 mg. The interaction also occurs at the 
ordinary temperature; after 30 c.c. of ether had been left with 
about 5 c.c. of silicon tetrachloride during 3 days and most of the 
ether then distilled off, the residue, on hydrolysis, gave enough 
alcohol to afford a very slight precipitate of iodoform, and the 
ether which had been distilled from the mixture, treated again with 
the tetrachloride, gave a further quantity of the product which 
yielded alcohol; these processes were repeated four times, with 
the ether recovered from each previous treatment, and iodoform 
was obtained, apparently in much the same quantity, after each 
set of operations.* As the precipitate of iodoform was not appreci¬ 
ably larger than usual when the mixture had been kept during 
several weeks, it would seem that the reaction is reversible. 

Diethoxydiphenylsilicane , SiPh 2 (OEt) 2 , was prepared in order to 
compare its boiling point with that of diphenylsilieon dichloride. 
Carefully dehydrated alcohol, in slight excess, was added to the 
dichloride; only a feeble evolution of hydrogen chloride occurred 
and two layers were formed, but after having been heated under 
reflux during 6—8 hours the liquid became homogeneous and was 
then distilled (100 mm.). The product still contained a little 
chlorine, and was therefore heated again with a small proportion 
of alcohol and then fractionated; practically the whole passed over 
at 217—218°, and a considerable quantity of the preparation gave 
only an insignificant reaction with an aqueous solution of silver 
nitrate [Found: Si, 10*4. SiPh 2 (OEt) 2 requires Si, 10*4%]. The 
b. p, of the diethoxy-compound differs only very little from that of 
the dichloride, 

SiPh,(OEt) 2 197—198750 m 217—2187100 mm. 302—3047767 mm. 
SiPh^Clg 199—202750 mm. 222—2247100 mm. 302—305°/757 mm. 


* A blank experiment in which ether alone was heated under reflux with 
a solution of sodium hydroxide during 4 hours, and the a lkalin e solution 
was then tested for alcohol, gave a negative result and did not confirm the 
statement in Allen’s £i Commercial Organic Analysis ” (vol. I, p. 179) that 
ether kept in presence of moisture generates traces of alcohol. 
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and it may therefore be deduced that that of the ethoxy-chloride, 
SiPhjCl-OEt, would differ even less, so that its separation from the 
dichloride by distillation would be impossible. 

Diethoxydiphenylsilicane is specifically heavier than water and 
is miscible with the common solvents; it seems to be unchanged 
when it is left during some hours with a 5% solution of potassium 
hydroxide, but it is quickly hydrolysed by an alcoholic solution 
and when only a little alkali is present trianhydrotrisdiphenyl- 
silieanediol may separate in crystals; it is also slowly hydrolysed 
by dilute sulphuric acid. It appears to be unchanged by sodium 
at 100°. 

Preparation of Diphenylsilicon Dichloride .—Silicon tetrachloride 
(170 g.), diluted with benzene (3 vols.), is placed in a bulb provided 
with three tubulures, which is fitted with a stirrer and a reflux 
condenser and is connected through a dropping-funnel with the 
apparatus for the preparation of magnesium phenyl bromide 
(21 mols.). The air in the whole apparatus is displaced with dry 
nitrogen and the Grignard reagent is then prepared at 0°, the 
minimum quantity of ether being used. When about one-half of 
the magnesium has been dissolved, the ethereal solution is drawn 
into the exhausted dropping-funnel and is then slowly added to 
the well-cooled and stirred tetrachloride while the remainder of the 
Grignard reagent is being made. This portion is then drawn into 
the funnel as before and added to the tetrachloride, so that at no 
stage is there any possibility of oxidation. After the product has 
been stirred during a further period of about 30 minutes, as much 
ether as possible is distilled off on a water-bath, the operation 
lasting about 3 hours. More benzene (2 vols.) is then added and 
the magnesium salts are separated in the usual apparatus (J., 1907, 
91, 216) and well washed with benzene. The combined filtrate 
and washings give on evaporation such a small deposit of magnesium 
salt that a second filtration is unnecessary (J., 1912, 101, 2114) 
and the product can be directly fractionated. Samples thus 
obtained contain 27-2—27-3% of chlorine. 

The authors wish to express their thanks to the Government 
Grant Committee of the Royal Society for funds which enabled 
them to purchase supplies of diphenylsilicon dichloride from Boots’ 
Pure Drug Co., Ltd. 

University College, Nottingham. [.Received, August 9th, 1927.] 
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CCCLXV .—The Condensation of o-Aminothiophenol 
with afi-Unsaturated Acids . 

By W illiam Hobson Mill s and James Bell Whitworth. 

In the course of some experiments carried out with o-aminothio- 
phenol with the view of synthesising a carbothiocyanine dye (J., 
1922,121, 455), we found that this base reacted in an unexpected 
manner with glutaconic acid. The two substances interacted very 
readily when heated together, but the product of the reaction was 
not the anticipated benzthiazole derivative; it was a new compound 
formed by the condensation of one molecule of glutaconic acid and 
one molecule of aminothiophenol, with the elimination of one 
molecule of water, as shown in the equation 

C 6 H 7 NS + C 5 H 6 0 4 = CuHuOaNS + H a O. 

It was a monobasic acid and it showed none of the reactions 
characteristic either of the ethylenic linking, the thiol group, or 
the amino-group. In the interaction, therefore, both the thiol 
group and the amino-group of the aminothiophenol and the ethylenic 
linking and one of the carboxyl groups of the glutaconic acid are 
concerned. That addition of some group to the ethylenic linking had 
occurred was further indicated by the fact that the new compound 
was resolvable into antimeric optically active forms, for it would 
seem that the only way in which an asymmetric carbon atom could 
be produced in its molecule would be through addition to this linking. 

The behaviour of the following a(3-unsaturated acids towards 
o-aminothiophenol was then examined; acrylic, crotonic, and 
cinnamic acids, and they were all found to react with it similarly 
to glutaconic acid. 

There are four ways in which the observed condensations might 
occur: 

In the first place, addition of the thiol group of the aminothio- 
phenol to the ethylenic linking of the acid might take place, accom¬ 
panied by condensation between the amino- and carboxyl groups. 
This would give two possible formulas, according as the sulphur 
was attached (1) to the a-carbon atom (formation of a ketodihydro- 
1:4-benzthiazrne derivative, I), or (2) to the [3-carbon atom (form¬ 
ation of a ketotetrahydro-1: 5-heptabenzthiazine derivative, II). 
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Alternatively, addition of the amino-group of the aminothiophenol 
to the ethylenie linking of the acid might occur, with condensation 
between the carboxyl and thiol groups. This would give two 
further possible constitutions—(3) and (4)—according to whether 
the nitrogen was attached to the a- or the [3-carbon atom. 

We found that actually condensation of the amino-group of the 
aminothiophenol with the carboxyl group of the acid had occurred 
and that therefore addition of the thiol group to the ethylenie 
linking had taken place. This was established by examining the 
compound obtained from cinnamic acid and aminothiophenol. The 
resulting compound was an indifferent substance, but on being 
heated with dilute alkalis it dissolved gradually, forming a yellow 
solution from which carbon dioxide precipitated an isomeric com¬ 
pound, which could be proved to have the constitution (IV); for 
it had all the properties of a thiophenol, being soluble in alkalis, 
giving a mercuric derivative with mercuric chloride, and being con¬ 
verted by atmospheric oxygen and various other oxidising agents—- 
iodine, ferric chloride, or hydrogen peroxide—with loss of one atom 
of hydrogen into a compound insoluble in alkalis, which was shown 
to be the disulphide (VIII), since it could be synthesised by intro¬ 
ducing a cinnamoyl group into each of the two amino-groups of 
oo'-diaminodiphenyl disulphide (VTI), by treatment with cinnamoyl 
chloride. 


(Ill) C F ^S-CHPh^ rTT c tt ^SH (W , 

( ' O 8 u 4 <^ n]B[ _ C 0 ^OM 2 >- c o M A^NH-CO'CH:CHPh. { ‘ 


Heat 240—260° 


Heat 


Y 

'S' 


(V.) C 6 H 4 <“>C*CH:CHPh 


Oxidation 


[C 6 H 4 <! 


■nh 2 ] 2 

(vn.) 


PlCHCOH-COOl 


( c 6 h 4<nh-co-ch:chpii) 2 

(VIII.) 


These observations limit the possible formulae for the compound 
to (I), the ketodihydrobenzthiazine, or (II), the ketotetrahydro- 
heptabenzthiazine (R = Ph). The behaviour towards alkalis, 
however, is different from that recorded for the ketodihydrobenz- 
thiazines, which, according to Unger and Graff (Ber., 1897, 30, 
2387), undergo, on boiling with potash, fission of the heterocyclic ring 
between the -NH- and -CO- groups. Further, the compound could 
be shown definitely not to be a ketodihydrobenzthiazine, since it was 
different from the Jceto-2-benzyldihydrobenzthiazine (VI) we obtained, 
according to the general method described by Unger and Graff (loc, 
cit.) for preparing these compounds, by heating o-aminothiophenol 
with a-bromo-p-phenylpropionic acid* 
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Similarly, our products from acrylic acid and crotonic acid and 
aminothiophenol are different from the keto-2-methyldihydrobenz- 
thiazine and the keto-2-ethyldihydrobenzthiazine obtained by 
Unger and Graff from a-bromopropionic acid and a-bromobutyric 
acid and aminothiophenol; also we found that a-bromoglutaric 
acid (employed in the form of its ester) gave a different product 
from that obtained with glutaconie acid. 

The compounds in question are therefore ketotetrahydrohepta- 
benzthiazines of the general formula (II). 

A final confirmation of the correctness of this conclusion was 
secured by showing that the compound got by heating aminothio¬ 
phenol with acrylic acid is identical with the e-lactam (IX) obtained 
by Mayer and Horst (Ber., 1923, 56, 1415) by heating p-2-amino- 
phenylthiolpropionic acid (X), and further by the synthesis of this 


<*•> <v%«sg- 


0 * h ‘4hS >0H * ,1X '* 


compound from o-nitrothiophenol and acrylic acid, as follows, the 
initial condensation evidently consisting in (3-addition of the thiol 
group of the nitrothiophenol to the ethylenic linkage of the acrylic 
acid: 


c 6 h,<: 


■sh ch 2 :ch 

N0 2 + HO-OC 


(XI.) c 6 h 4 <S h ^S 


CO-OH 


reduction 
- > 


(X.) 


heat 


-> (IX.) 


When cinnamamidothiophenol (IV) (see scheme on p. 2739) is 
heated, it is not converted into i-styrylbenzthiazole (V) as perhaps 
might have been expected, but ring closure takes place through 
addition of the thiol group to the ethylenic linkage. The product 
is, however, not the original e-lactam (HI) ( Jceto-2-phenyltetrahydro - 
heptabenztJiiazine), but the isomeric 8-lactam (VI) (keto-2-benzyl- 
dihydrobenzthiazine), the sulphur becoming attached to the a-carbon 
atom of the ethylenic linking. The tendency to the formation of 
a six- rather than of a seven-membered ring thus over-rides the 
natural tendency of the sulphur atom of the thiol group to attach 
itself to the (3-carbon atom of the ethylenic linking (Posner, Ber., 
1907, 40, 4788). It follows from this fact that, in the interaction 
of the a(3-unsaturated acids with o-aminothiophenol, of the various 
reactions possible that which takes place with the greatest velocity 
(excluding of course salt formation between the acid and base) is 
the addition of the thiol group to the ethylenic linking, the sulphur 
becoming attached to the (3-carbon atom, the resulting aminophenyl- 
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thiolpropionic acid (XII) passing, at the temperature employed, with 
loss of water into its e-lactam : 

CHR S—CHR 

OA<W +9 H —> c 6 h 4< 9 h 2 —> (II.) 

C0,H X NH 2 C0 2 H 

(XII.) 

To test this conclusion, the interactions of o-aminothiophenol 
•with maleic acid and with monobromosuccinic acid were studied. 
In all the other cases investigated, we have seen that a different 
product was obtained according as o-aminothiophenol was heated 
with a given ap-unsaturated acid or with the corresponding a-bromo- 
saturated acid. In this one case, however, identical products should 
be formed, since in the intermediate product (XIII) arising from 
maleic acid there is, besides the carboxyl group to which, as in the 
other cases, the amino-group is in the c-position, a second carboxyl 
group to which it is in the S-position and with which it can con¬ 
sequently react, producing a normal six-membered ring : 

p tt ^S-CH(C0 2 n)-CH 2 -a0 2 H r w ^s— ch-ch 2 -co 2 h 
LgH 4 "NH 2 ~ >CfiH4 ^NH-6o ' “ 

(XIII.) (XIV.) 

The result was as expected, the same product (3-ketodihydrobenz- 
thiazine-2-acetic acid , XIV) being obtained by heating either maleic 
acid or monobromosuccinic acid with o-aminothiophenol. 

If the e-lactam (keto-2-phenyltetrahydroheptabenzthiazine, III 
obtained by heating o-aminothiophenol with cinnamic acid is heated 
to 240—260°, water is eliminated and there is formed, although 
not very smoothly, 1-styrylbenzthiazole (V). This explains why 
Hofmann ( Ber ., 1880, 13, 1235) had obtained from o-aminothio¬ 
phenol and cinnamic acid this benzthiazole derivative, whilst we 
had found the product of the reaction to be the s-lactam; we had 
worked at 160—170°, whereas Hofmann had heated the mixture 
on a sand-bath. Hofmann’s procedure does not, however, provide 
an advantageous method for preparing the benzthiazole base : it 
ban be much more readily prepared by treating o-aminothiophenol 
(or, better, its sodium salt) with cinnamoyl chloride in the cold. 
On the other hand, we found that the corresponding saturated acid, 
p-phenylpropionic acid, reacted readily' with o-aminothiophenol to 
give phenylethylbenzthiazole. 

If o-aminothiophenol is heated with ethyl cinnamate instead of 
with cinnamic acid, a higher temperature has to be employed to 
bring about reaction, and the product is then the S-lactam (keto- 
2-benzyldihydrobenzthiazine, VI). 

Thus, according as o-aminothiophenol is heated with cinnamic 
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acid, its ester, or its chloride, three different heterocyclic compounds 
are obtained. 


r cinnamic acid 

-—->■ Ketophenyltetrahydrolieptabenzthiazine (III). 

o* Amino- ethyl cinnamate 

thiophenol-^ Ketobenzyldihydrobenzthiazine (VI). 

1 cinnamoyl chloride 

^^ Styrylbenzthiazole (V). 

The non-formation of a benzthiazole base when o-ciimamamido- 
thiophenol (IV) is heated, or when ethyl cinnamate is heated 
with o-aminothiophenol, shows that the attachment of a -CHICHR 
group, i ns tead of a saturated system, to the carbon of the -CONH- 
group in jV-acyl derivatives of o-aminothiophenol makes the elimin¬ 
ation of water in the manner shown more difficult. 






;H i 

/NHiH j 

j Oj 

C 6 H 3 Me/ j Oi 

:h|-c-ch:chr 

x n |hk>ch:chr 


The corresponding phenomenon was observed by Fichter (J. pr. 
Chem 1906, 74, 316) with the crotonyl and dimethylacrylyl deriv¬ 
atives of 1 : 3 : 4-tolylenediamine. 

The ketotetrahydroheptabenzthiazines are readily acetylated 
when boiled with acetic anhydride. This was also observed by 
Mayer and Horst, who found (loc. cit.) that their e-lactam reacted 
easily with acetic anhydride. However, they assigned to the pro¬ 
duct the formula (XV), which is at variance with the composition 
we find for it and for the two corresponding derivatives which we 
have obtained from our analogous e-lactams; the molecule is 
actually less by the elements of a molecule of water than this 
formula indicates. It is also at variance with the chemical char¬ 
acter of the compounds : they are neutral and unaffected by cold 


(XV.) C 8 H 4 <^,C° 2 H O 6 H 4 <g2So >0H 2 < XVL > 

C6 H 4<fgcV CH 3 (XVIL) 


-S-CHRs 


sodium carbonate solution. Since, moreover, the acetyl group is 
readily eliminated on warming with dilute hydrochloric acid or 
sodium carbonate with regeneration of the original lactam, the 
constitution of these acetyl derivatives is clearly that represented 
by (XVI). Their ready formation is in accordance with the fact 
observed by Ulffers and von Janson (Her., 1894, 27, 93) and by 
Sudborough (J,, 1901, 79, 533) that diacetylation of a primary 
aromatic amine is particularly easy when there is another sub¬ 
stituent group in the ortho-position to the amino-group. These 
e-lactams are closely related in constitution to o-acetamidothio- 
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anisole (XVII) (linking of the two methyl groups in which, with 
removal of two atoms of hydrogen, would yield the e-lactam of 
Mayer and Horst), and Mr. G. E. Watts, working in this laboratory, 
found that o-aminothioanisole is readily converted into a diacetyl 
derivative when heated with acetic anhydride. 

An interesting alternation in properties exists between the y-, 5-, 
and e-lactams, benzthiazolone (XVIII), ketodihydrobenzthiazine 
(XIX), and ketotetrahydroheptabenzthiazine (IX), with respect to 

(XVIII.) c 6 H 4 <^ S 2>C0 C 6 H 4 <^9^ 2 (XIX.) 

acetylation. Benzthiazolone (for which a new method of prepar¬ 
ation is described in the experimental part) and, as has been stated, 
the e-lactam (IX) are readily acetylated when boiled with acetic 
anhydride, whilst ketodihydrobenzthiazine is not (Unger and Graff, 
loc. cit.). 

Experimental. 

I. Olutaconic Acid and o-Aminoihiophenol. 

4c-Keiotetrahydro-l : 5-heptabenzthiazine-2~acetic Acid (II; E = 
CH 2 *C0 2 H).—A mixture of glutaconic acid (2*5 g.) and o-amino- 
thiophenol (2*5 g.; 1 mol.) was heated in an atmosphere of carbon 
dioxide at 120—130° for 20 minutes. A vigorous reaction occurred 
and after a few minutes the whole had set to a crystalline mass, 
which, recrystallised from dilute alcohol or water, yielded the pure 
product as thin, colourless, silky needles, m. p. 235—236° (decomp.). 
Yield, 4 g. (84*4%) (Found : C, 55*5; H, 4*6. C 1]L H u 0 3 NS requires 
0,55*7; H, 4*6%). 

The compound dissolves readily in dilute aqueous sodium carbon¬ 
ate and can be sharply titrated against sodium hydroxide and 
phenolphthalein [0*2607 g. required 11*1 c.c. i^/lO-NaOH. Found : 
M, 234*8 (monobasic). C^Hj^OgNS requires M, 237]. It has no 
marked basic properties, dissolving in hot, concentrated hydro¬ 
chloric acid and crystallising unchanged on cooling. It is soluble 
in acetone or glacial acetic acid, sparingly soluble in ether, and 
practically insoluble in benzene, ligroin, or chloroform. 

The ethyl ester was prepared by keeping the acid (1 g.) in excess 
of cold, absolute alcohol, containing dry hydrogen chloride, for 
24 hours; when the resulting solution was diluted, and neutralised 
with sodium carbonate, the ester separated in small, lustrous, 
colourless needles (0*8 g.), which, after recrystailisation from 
benzene-ligroin, melted at 139—140° (Found i 0, 58*7; H, 5*7. 
Ci 3 H 15 0 3 NS requires C, 58*9; H, 5-7%). It is readffy soluble to 
alcohol, ether, or benzene, and sparingly soluble in ligroin. 
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The ester was also obtained directly from ethyl glutaconate : A 
mixture of ethyl glutaconate (1 mol,) and o - amino thiophenol 
(1 mol.) was heated under reflux, in an atmosphere of carbon di¬ 
oxide, at 160—180° for 3 hours; a brown gum was then obtained, 
from which some crystals separated on standing. The crystalline 
product was extracted from the gum with hot ligroin, from which 
it separated on cooling in small, colourless, glistening needles, m. p. 
138—140°. A mix ture with the ester prepared as described above 
melted at 139—140°. 

Resolution of 4:-Ketotetrahydro-l : 5-heptabenztMazine-2-acetic Acid 
into Optically Active Components. — &A-Ketotetraliydro-l : 5-fiepta- 
benzthiazine-2~acetic acid. From a solution of the eK-acid (4*7 g.) 
and anhydrous brucine (7*9 g.) in warm alcohol (60 c.c.) the brucine 
salt was rapidly deposited in small, soft, colourless needles. After 
cooling, the salt was collected and recrystallised three times from 
alcohol; its specific rotation then became constant. The 1 -brucine 
dA-Jcetotetrahydro-1 : 5-heptabenztMazine-2-acetate so obtained gave 
m. p. 164—165° (softening at 155°) and [a]'^ +154-7° in aqueous 
solution (1=2; c = 0-527). On decomposition of this salt with 
cold, dilute hydrochloric acid, the d -acid was deposited in fine, 
colourless needles, which on recrystallisation from alcohol gave the 
pure d-acid (1 g.), m. p. 230° and [a£ +436-9°, [ajSn +506°, 
[a]& +981° in absolute ethyl alcohol (1 = 2; c = 0-6008) (Found : 
C, 56*0; H, 4-7. C u H u 0 3 ]SFS requires C, 55-7; H, 4-6%). 

Ethyl dA-ketotetrahydro- 1 : 5-heptabenzthiazine-2-acetate was ob¬ 
tained by treating the pure cZ-acid with cold alcoholic hydrogen 
chloride. It separated from benzene-ligroin in short, thin, colour¬ 
less needles, m. p. 145—146° and [a]$g 0 +424-5°, [ajf^ +491*7°, 
WSfls +948-8° in absolute alcohol (1 = 2; c = 0-5512). 

1 A-Ketotetrahydro- 1 :.5-heptabenzthiazine-2-acetic acid. . The crude 
Z-acid (1*7 g.), recovered from the mother-liquor of the above 
described brucine salt, and cinchonine (2*2 g.), were dissolved in 
alcohol (12 c.c.)-. After the addition of ether, the cinchonine salt 
gradually separated in small, colourless prisms, which were recrystal¬ 
lised twice from aqueous alcohol; m. p. 193—195° (softening at 
175—180°). This salt, decomposed with cold, dilute hydrochloric 
acid, gave the pure l-acid (0*5 g.) in microscopic, colourless needles, 
m. p. 229—230° and t«K> -435-5°, [ag, -MW VMS. in 

absolute ethyl alcohol (1 = 2; c = 0*6004). 

Ethyl Z-Keto-2 :3-dikydro-l : 4^-benzthiazine-2-propionate (I; It — 
CH 2 *C0 2 Et).—This compound was synthesised for comparison with 
the compound obtained from o-a min othiophenol and glutaconic 
acid. It melts at 91°, whilst the isomeric ethyl ketotetrahydro- 
1:5-heptabenzthiazine-2-acetate melts at 139—140°. 
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o-Aminothiophenol (3*4 g.; 2 mols.) and ethyl a-bromogluta- 
rate (3*2 g.) were heated together under reflux, in an atmo¬ 
sphere of carbon dioxide, at 120—130° for an hour; a brisk reaction 
then occurred with elimination of alcohol and formation of a crystal¬ 
line material (hydrobromide). The crude product was extracted 
with hot ligroin, from which ethyl 3-keto-2 : 3-dihydro-l ; 4z-benz- 
thiazine-2-propionate separated in small, colourless, silky needles; 
these, after recrystallisation from ligroin, melted at 91° (Found : 
C, 58*8; H, 5*6. C 13 H 15 0 3 NS requires C, 58*9; H, 5*7%). The 
residue remaining after the extraction of the ester consisted of the 
hydrobromide of oo' - diamino diphenyl disulphide. On hydrolysis of 
the ester, 3-keto-2 : 3-dihydro-1 : 4-benzthiazine-2-propionic acid 
was obtained in colourless needles, m. p. 174—175°. 

II. Cinnamic Acid and o-Aminothiophenol. 

k.-Keto-2-phenyltetrahydro-l : 5-heptabenzthiazine (III).—A mixture 
of o-aminothiophenol (8 g.) and cinnamic acid (10 g.) was heated 
for 2 hours under reflux, in an atmosphere of carbon dioxide, 
at 160—170°; a vigorous reaction then set in with elimination of 
water. On cooling, the product set to a hard, reddish-brown mass 
which, on crystallisation from alcohol, yielded 4z-keto-2-phenyltetra - 
hydro-1 : 5-heptabenzthiazine in short, colourless, silky needles, m. p. 
177°. Yield 11 g. (Found: C, 70-5; H, 5*0. C 15 H 13 ONS requires 
C, 70*6; H, 5*1%). 

The compound is soluble in chloroform, acetone, or glacial acetic 
acid, sparingly soluble in ether or benzene, and insoluble in water. 
It dissolves in hot concentrated hydrochloric acid and separates 
from the solution unchanged on cooling. 

The acetyl derivative (XVI; R = Ph) was obtained by boiling 
the substance with excess of acetic anhydride for 15 minutes. It 
crystallised from alcohol in short, glistening, colourless needles, 
m. p. 155—156° (Found : G, 68*2; H, 5*0. C 17 H 15 0 2 NS requires 
C, 68*7; H, 5*0%). It is readily hydrolysed by warming on 
the water-bath with dilute hydrochloric acid, giving the original 
material. 

The Sulphoxide, —To a solution of the 

heptabenzthiazine (0*6 g.) in warm acetone (15 c.c.), a 4% solution 
of potassium permanganate in aqueous acetone was added until 
in slight excess, together with a little dilute sulphuric acid. The 
mixture was then boiled and filtered hot and the residue was 
extracted with hot acetone. The almost pure sulphoxide separated 
from the filtrate and was collected after dilution with water and 
cooling. It separated from acetone-alcohol or from dilute acetie 
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acid in clusters of thin, silky needles, m. p. 210° (Found: 0, 66-4; 
H, 4*8. C 15 H 13 0 2 NS requires C, 66-4; H, 4-8%). 

The sulphoxide is soluble in glacial acetic acid, sparingly soluble 
in alcohol or ether, and insoluble in water. It can also be obtained, 
in an almost pure condition, by treating the heptabenzthiazine with 
hydrogen peroxide (30%) in cold glacial acetic acid solution and 
diluting the mixture with water after several hours. 

The Sulphone. —To a solution of the heptabenzthiazine (0-7 g.) 
in glacial acetic acid (10 c.c.), excess of 5% aqueous potassium 
permanganate (20 c.c.) was slowly added at room temperature, 
with stirring. The sulphone soon began to separate from the 
solution and after an hour the product was collected and recrystal¬ 
lised from dilute acetic acid, the solution being decolorised by 
charcoal. It was thus obtained in short, colourless, glistening 
needles, m. p. 234—235° (Found: C, 62-6; H, 4-6. C 15 H 13 0 3 NS 
requires C, 62*7; H, 4-5%). 

The sulphone is moderately easily soluble in glacial acetic acid, 
sparingly soluble in alcohol or benzene, and insoluble in light 
petroleum, chloroform, or water. It is also formed when the 
heptabenzthiazine is oxidised by chromic acid in boiling glacial 
acetic acid solution. 

Action of Alkali on i-Keto-2-plienylteirahydro-l : 5-heptabenz- 
thiazine : Formation of o-Cinmmamidothiophenol (17).—When 
the heptabenzthiazine is heated for some time with excess of dilute 
caustic alkali solution, complete hydrolysis takes place into cinnamic 
acid and o-aminothiophenol. When, however, it is carefully heated 
with a small excess of caustic alkali, the product is o -cinnam- 
amidothiophenol. 

4-Keto-2-phenyltetrahydro-l : 5-heptabenzthiazine (4 g.) was 
heated with 10% caustic potash solution (40 c.c.) and a little alcohol 
(8 c.c.) under reflux for 20—30 minutes, a deep yellow solution being 
obtained. After cooling, this was diluted with water and treated 
with carbon dioxide; o-cinnamamidothiophenol was then pre¬ 
cipitated as a faintly yellowish-white, pasty mass. It crystallised 
from alcohol in clusters of small, almost colourless needles, m. p. 
147—148°. Yield, 2 g. (Found: C, 70-6; H, 5*2. C I5 H 13 ONS 
requires C, 70*6; H, 5*1%). 

o-CinnamamidothiophenoI is readily soluble in acetone, chloro¬ 
form, or benzene, and moderately easily soluble in ether or ligroin. 

It dissolves in caustic soda and slowly in sodium carbonate, giving 
yellow solutions, from which it is precipitated on acidification. It 
is readily oxidised to the corresponding disulphide by means of 
iodine, hydrogen peroxide or ferric chloride, or by exposure to the 
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The mercurichloride is precipitated when an alcoholic solution of 
the cinnamamidothiophenol is treated with aqueous mercuric 
chloride. It crystallises from alcohol, in which it is only sparingly 
soluble, in fine, colourless needles, m. p. 211—212°. 

Conversion of o-Cinnamamidothiophenol into Z-Keto-2-benzyl-2 :3- 
dihydro-I : 4-benzthiazine (VI).—o-Cinnamamidothiophenol was 
heated in an atmosphere of dry carbon dioxide at 165—170° for 
4—6 hours. The resulting dark, viscous liquid set, on cooling, to 
a hard, glassy mass, which was powdered and extracted with ether. 
The colourless, crystalline residue separated from alcohol in clusters 
of small, yellowish-white, silky needles. It proved to be 3-keto- 
2-benzyldihydro-l : 4-benzthiazine and melted, alone or mixed with 
a specimen synthesised from a-bromo- (3-phenylpropionic acid and 
o-aminothiophenol (see below),, at 159—160°. 

oo '-Dicinnamamidodiphenyl Disulphide (VIII).—(a) From o -cin¬ 
namamidothiophenol. From a solution of o-cinnamamidothiophenol 
(1 g.) in cold acetone (30 c.c.) to which excess of 30 % hydrogen 
peroxide (2—3 c.c.) had been added, the disulphide soon separated 
as a mass of colourless, silky needles, which, after recrystallisation 
from acetone or glacial acetic acid, and when mixed with the pure 
disulphide synthesised as described below, melted at 163—164° 
(Found: C, 70-9; H, 4*8. C B0 R 24 O^ 2 S z requires C, 70-9; H, 4-7%). 

(b) From oo'-diaminodiphenyl disulphide (VII). A solution of 
cinnamoyl chloride (2*6 g.) in dry benzene was gradually added to 
a solution of oo'-diaminodiphenyl disulphide (3-9 g.) in the same 
solvent. After 30 minutes, the pasty product was collected and 
treated with warm alcohol to remove the hydrochloride of the di- 
aminodiphenyl disulphide, and the residue was crystallised from 
glacial acetic acid; pure oo'-dicinnamamidodiphenyl disulphide 
then separated in colourless, silky needles, m. p. 163—164° (Found : 
C, 71*0; H, 4*8%). 

The disulphide is readily soluble in chloroform or hot benzene, 
sparingly soluble in alcohol, and insoluble in light petroleum. 

Bromo-derivative . To a solution of 00 '-dicinnamamidodiphenyl 
disulphide (0*5 g.) in dry chloroform (12 c.c.), a 10% solution 
of bromine in dry chloroform (6 c.c.) was gradually added; a 
colourless, pasty solid was then precipitated. After being washed 
with chloroform, this crystallised from acetone in small, glistening, 
colourless plates (0*4 g.), which darkened at 205° and melted at 
213° (decomp.) (Found : 0, 54*2; H, 3*6; Br, 23*8. 

^30^24®2^2® r 2®2 

requires C, 53*9; H, 3*6; Br, 24*0%). 

. Z~Keto-2*benzyl-2 : Z-dihydro-1 : 4- benzthiazine (VI).—(a) From 
K-bromo«$-phenylprQpionic acid . A mixture of 
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propionic acid (2*5 g.) and o-aminothiophenol (2 g.) was heated in 
an atmosphere of carbon dioxide at 125—130°; a vigorous reaction 
then set in and was complete after about 20 minutes. The crude 
product was crystallised twice from alcohol, pure Z’lceio-2-benzyl- 
2 : 3-dihydro-l : 4 -benzihiazine being obtained in short, colourless, 
silky needles, m. p. 159—160° (1*6 g.) (Found: C, 70*3; H, 5*L 
Ci 3 Hi 5 ONS requires C, 70*6; H, 5*1%). This substance is readily 
soluble in acetone, chloroform, benzene, or glacial acetic acid and 
moderately easily soluble in ligroin or ether. It is insoluble in 
concentrated hydrochloric acid and in dilute caustic soda solution, 
but it dissolves in cold, concentrated sulphuric acid to a yellow 
solution, from which it is precipitated unchanged by water. It 
does not form an acetyl derivative. 

(b) From ethyl cinnamate. A mixture of ethyl cinnamate (3 g.) 
and o-aminothiophenol (2 g.) was heated under reflux in an atmo¬ 
sphere of carbon dioxide at 230—240° for 4—5 hours. The crude 
product was a deep red, oily liquid, which, on treatment with 
ether, yielded a pale yellow, crystalline solid. Recrystallised from 
alcohol, this separated in small, faintly yellow, silky needles, m. p. 
and “ mixed m. p. 5S with pure 3-keto-2-benzyldihydro-l : 4-benz- 
thiazine synthesised as above, 159—160° (Found : C, 70*5; H, 
5*0%). 

l-Styrylbenzthiazole (V).—(a) From cinnamoyl chloride . The con¬ 
densation of cinnamoyl chloride with o-aminothiophenol takes place 
readily in cold benzene solution, but the following method, using 
the sodium salt of the aminothiophenol, is more satisfactory. 

To a solution of o-aminothiophenol (1*3 g.) and sodium (0*23 g.) 
in absolute alcohol (12 c.c.), cinnamoyl chloride (T6 g.) was gradu¬ 
ally added, the mixture warmed on the water-bath for a few 
minutes, and the solution filtered from the precipitated sodium 
chloride and concentrated. On cooling, 1-styrylbenzthiazole was 
deposited from the solution and on recrystallisation from alcohol 
it separated in short, thick, colourless prisms (1 g.), m. p. 112—113° 
(Found: C, 75-7; H, 4*8. C 15 H n NS requires C, 75*9; H, 4*6%). 

The picrate crystallised from alcohol, in which it is only sparingly 
soluble, in bright yellow platelets, m. p. 195—196°, 

(b) From 4:-keto-2-phenyltetrahydro- 1 : 5-heptabenzthiazine . The 
thiazine was heated at 240—260° for about an hour; water was 
evolved and the fused mass changed to a dark brown gum, which 
set to a hard solid. This was crystallised twice from alcohol 
(charcoal) and 1-styrylbenzthiazole was then obtained in short, 
colourless prisms. These, alone or mixed with the pure base 
obtained by method (a), melted at 112—113°. The yield was poor. 

(c) From cinnamic acid (compare Hofmann, Ber. } 1880,13,1235). 
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Cinnamic acid (2 g.) and o-aminothiophenol (1-8 g.) were heated 
together at 210—220° for about 2 hours; a dark-coloured gum was 
obtained which was difficult to purify. On treatment with picric 
acid in alcoholic solution, however, the picrate of the benzthiazole 
base was precipitated, and after crystallisation from alcohol (char¬ 
coal), this was obtained in bright yellow platelets (1 g.), m. p. 195— 
196° (Found: C, 54*3; H, 2*9. C 21 H 14 0 7 N 4 S requires C, 54*1; 
H,3*0%). 

The base was also obtained m small yield by heating together 
cinnamic acid and aminothiophenol at a higher temperature and 
treating the crude product with alkali, according to Hofmann’s 
method. Its formation did not readily take place below about 220°. 

$-Phenylpropionic Acid and o-Aminothiophenol: l-$-Phenylethyl- 
benzthiazole. —A mixture of (3-phenylpropionic acid (1 mol.) and 
o-aminothiophenol (1 mol.) was heated under reflux in an atmo¬ 
sphere of carbon dioxide at 160—170° for 2 hours. The crude 
product w r as heated for a short time on the water-bath with 10% 
caustic soda solution; the yellow oil obtained solidified on cooling, 
and on crystallisation from dilute alcohol it yielded 1 ^-phenylethyl- 
benzthiazole in lustrous, colourless platelets, m. p. 60—61° (Found : 
C, 75*4; H, 5*5. C 15 H 13 NS requires C, 75*3; H, 5*4%). The base 
is moderately easily soluble in cold alcohol and readily soluble in 
ether. 

The picrate separates from alcohol in small, bright yellow plates, 
m. p. 132—133°. 

III. Crotonic Acid and o- Aminothiophenol. 

4=-Keto-2-methyltetrahydro-l : 5-heptabenzthiazine (II; R = Me).— 
A mixture of crotonic acid (1*3 g.) and o-aminothiophenol (1*8 g.) 
was heated in an atmosphere of carbon dioxide at 165—170° for 
20 minutes. A vigorous reaction then occurred and the whole 
set to a crystalline mass, which, recrystallised from alcohol, yielded 
pure 4:-lceto-2’methyltetrahydro-l : 5-heptabenzthiazine in small, 
granular, colourless plates (2 g.), m. p. 205—206° (Found : C, 61*9; 
H, 5-6. C 10 H n ONS requires C, 62*2; H, 5*7%). 

The compound is soluble in glacial acetic acid, benzene, or ligroin, 
and sparingly soluble in ether. It crystallises from chloroform in 
thin needles. 

The acetyl derivative (XVI; R = Me) was obtained by boiling 
the substance with excess of acetic anhydride for 10 minutes, and 
separated from dilute alcohol in thin, colourless, glistening needles, 
m. p. 93° (Found : C, 60*9; H, 5*5. C 12 H 13 0 2 NS requires C, 61*3; 
H, 5*5%). It is readily hydrolysed by warming on the water-bath 
with dilute hydrochloric acid or sodium carbonate for a short tune. 
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giving the original material (m. p. 205—206°). It is moderately 
easily soluble in alcohol and readily soluble in ether. 

IV. Acrylic Acid and o-Aminothiophenol. 

4:-Ketotetrahydro-l : 5-heptabenzthiazine (IX).—Acrylic acid (2 g.) 
and o-aminothiophenol (3*5 g.) were heated together in an atmo¬ 
sphere of carbon dioxide at 125—130° for about an hour. The 
crystalline product was washed with ether and recrystallised from 
dilute alcohol, from which 4c-keioteirahydro-l : 5-heptabenzthiazine 
separated in small, lustrous, colourless needles (1*3 g.), m. p. 215— 
216° (Found: C, 60*5; H, 5*1. C 9 H 9 ONS requires C, 60*3; H, 
5*0%). The compound is readily soluble in acetone or glacial acetic 
acid, sparingly soluble in benzene, and practically insoluble in ether, 
chloroform, or light petroleum. 

The acetyl derivative (XVI; R = H) was obtained by boiling 
the compound with excess of acetic anhydride for 15 minutes. It 
crystallised from alcohol in small, colourless needles, m. p. 96—97° 
(Found : C, 59-8; H, 5*0; N, 6-3; S, 14-4. CuH-^C^NS requires 
C, 59-7; H, 5-0; N, 6*3; S, 14*5%). It is hydrolysed by warm 
dilute hydrochloric acid, yielding the original material. 

Synthesis of 4-Ketotetrahydro-l ,: 5-heptabenzthiazine (IX) from 
Acrylic Acid and o-Nitrothiophenol .—The o-nitrothiophenol was 
obtained by reduction of oo'-dinitrodiphenyl disulphide by means 
of sodium sulphide (Claasz, Ber., 1912, 45, 747) and isolated from 
the solution by means of dilute acetic acid. It crystallised from 
light petroleum in pale yellow needles, m. p. 61°. 

Addition of o-nitrothiophenol to acrylic acid : o-Nitrophenylthiol- 
propionic acid (XI). o-Nitrothiophenol (5*2 g.) and acrylic acid 
(2-4 g.) were together dissolved in dry benzene (25 c.c.) with the 
addition of 2—3 drops of piperidine, and the solution kept for 48 
horns (compare Ruhemann, J., 1905, 87, 17); o -nitrophenylthiol- 
propionic acid gradually separated in yellow crystals. Recrystal- 
lised from glacial acetic acid, it formed short, yellow needles (4 g.), 
m. p. 148—149° (Found : C, 47*7; H, 4*0. C 9 H 9 0 4 NS requires C, 
47*6; H, 4*0%). 

o -Amiriophenylthiolpropionic acid (X). A mixture of o-nitro- 
phenylthiolpropionic acid (4*5 g.), concentrated hydrochloric acid 
(15 g.), and tin (7*1 g.) was heated on the water-bath until the 
reduction was complete. The solution was then largely diluted 
with water, treated with hydrogen sulphide to precipitate the 
tin, and concentrated by evaporation in a vacuum. On coo ling , 
the hydrochloride of o-aminophenylthiolpropionic acid separated 
in short, colourless needles, m. p. 173—174°, which soon became 
coloured on standing. 
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On treating the hydrochloride (1-2 g.) in concentrated aqueous 
solution with A-sodium hydroxide (5 e.c.), the amino-acid was 
obtained in colourless crystals (0*8 g.), which separated from dilute 
alcohol in short, thick needles, m. p. 87—88° (Found : C, 54*8; 
H, 5*7. CgH^OgNS requires C, 54*8; H, 5*6%) (compare Mayer 
and Horst, be . cit.). 

4-Ketotetrahydro- 1: 5-heptabenzthiazine. The hydrochloride of 
o-aminophenylthiolpropionic acid (1*5 g.) was heated at 180—190° 
for | hour, hydrogen chloride and water being eliminated* On 
cooling, the product set to a reddish-brown solid, which, crystallised 
from alcohol, yielded pure ketotetrahydro-1:5-heptabenzthiazine 
(0*2 g.) in lustrous, colourless needles, m. p. and “ mixed m. p.” 
with the lactam synthesised from acrylic acid and o-aminothio- 
phenol, 215—216°. 

The acetyl derivative of the lactam was obtained on heating the 
above hydrochloride with excess of acetic anhydride for 30 minutes. 

V. Maleic Acid and o-Aminothiophenol. 

3-Keto-2 : 3-dihydro-l : 4:-benzthiazine-2~aceiic Acid (XIV).—Maleic 
acid (3*5 g.) and o-ammothiophenol (3 g.), when mixed, reacted 
readily with considerable development of heat and the whole soon 
set to a hard mass. After being heated for a few minutes at 100— 
110°, the product was crystallised from dilute alcohol, from which 
it separated in small, colourless needles, melting at 195—196°, and 
at the same temperature after mixture with pure 3-keto-2 :3-di¬ 
hydro A : 4z-benzthiazine-2-acetic acid synthesised from o-aminothio- 
phenol and monobromosuecinic acid (see below). Yield 5 g. 
(93*5%) (Found: C, 53*6; H, 4*0. C 10 H 9 O 3 NS requires C, 53*8; 
H, 4*0%). 

The compound is soluble in alcohol, sparingly soluble in ether, 
and practically insoluble in benzene, chloroform, or ligroin. It 
crystallises from water in thin, silky needles. It dissolves readily 
in cold, dilute sodium carbonate solution and is precipitated on 
acidification. After boiling for some time with 10% caustic potash 
solution it was precipitated unchanged on acidification. 

The same product was obtained from fumaric acid and o-amino - 
thiophenol. In this case no reaction appeared to take place in the 
cold, but the compound was readily formed on heating the two 
substances together at 150—160° for 15 minutes. 

3-Keto-2 : 3-dihydro-l : 4:-benzthiazine-2-acetic Acid from Mono- 
bromosuccinic Acid .—Monobromosuecinic acid (1 g.) and o-amino- 
thiophenol (0*6 g.) were heated together in an atmosphere of carbon 
dioxide at 120—125° for 15 minutes; a vigorous reaction then 
occurred and the mixture soon set to a solid mass. The product 
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was crystallised twice from dilute alcohol (charcoal) and pure keto- 
dihydrobenzthiazineacetic acid was thus obtained in small, colour¬ 
less needles (0*6 g.), m. p. 195—196° (Found : C, 54-2; H, 4-0%). 

The following work was kindly carried out by Mr. G. E. 
Watts : 

Diacetyl Derivative of o - A minothioanisole .—o-Aminothioanisole 
(10 g.) was boiled with acetic anhydride (30 g.; 4 mols.) for an hour. 
The resulting solution was distilled in a vacuum to remove acetic 
acid and anhydride, and the residual gum crystallised from alcohol, 
from which the diacetyl derivative separated in colourless, trans¬ 
parent prisms, m. p. 69—70°. Yield, 13 g. (82%) (Found : C, 59-1; 
H, 5-9; N, 6*1. C n H 13 0 2 NS requires C, 59*2; H, 5*8; N, 6*3%). 

Preparation of Benzthiazolone (XVIII).— Ethyl o-nitrophenyl- 
thiolformate, X0 2 *C 6 H 4 *S*C0 2 Et. To a solution (deep red) of 
o-nitrothiophenol (31 g.) in alcoholic sodium hydroxide (8 g. of 
NaOH in 30 c.c. of alcohol) a solution of ethyl chloroformate (21*7 g.) 
in alcohol (20 c.c.) was added, with shaking; the red colour of the 
nitrothiophenol soon disappeared, considerable heat was evolved, 
and sodium chloride was precipitated. The mixture was poured 
into water (500 c.c.) and the ethyl nitrophenylthiolformate, which 
separated as a yellow oil, was extracted with ether. It decomposed 
when heated in a vacuum. 

Ethyl o-aminophenylthiolformate. Crude ethyl nitrophenylthiol¬ 
formate (35 g.), mixed with alcohol (20 c.c.), was shaken with a 
solution of stannous chloride (115 g.) in concentrated hydrochloric 
acid (50 c.c.) for an hour, the mixture being cooled in ice from 
time to time. The solution was diluted, freed from tin by means 
of hydrogen sulphide, made alkaline with sodium bicarbonate, and 
extracted with ether. On removal of the ether the amino-ester 
remained as a colourless oil. Yield, 20 g. (67%). 

The hydrochloride of the amino-ester was prepared by treating 
an alcoholic solution of the ester with hydrogen chloride and pre¬ 
cipitated by the addition of ether. It crystallised from alcohol- 
ether in fine, colourless needles, m. p. 120—122° (Found : Cl, 15*2. 
CgH^OgNClS requires Cl, 15-2%). 

Benzthiazolone. Ethyl o-aminophenylthiolformate, mixed with 
a little of its hydrochloride, was heated at 115° for 2 hours; it then 
changed to a crystalline mass. This, recrystallised from aqueous 
alcohol, gave colourless needles of benzthiazolone; they melted 
at 128° and were readily soluble in strong alkalis and in strong 
mineral acids (compare Claasz, Ber., 1912, 45, 1029). 

The acetyl derivative was obtained by boiling the substance with 
excess of acetic anhydride for 15 minutes. It separated from 
aqueous alcohol in fine, colourless needles, m. p, 50° (compare Claasz, 
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loc. cit. ), and was readily hydrolysed by warm 10% sodium hydroxide 
solution, giving the original material. 

One of us (J. B. W.) wishes to express his indebtedness to the 
Chemical Society for a grant which defrayed part of the cost of 
this investigation. 

University Chemical Laboratory, 

Cambridge. [ Received , Augitst 25th, 1927.] 


CCCLXVI .—Organic Compounds of Arsenic. Part III. 
Tri-o-phenylenediarsine. 


By Nial Patrick McCleland and James Bell Whitworth. 


Tri-o-phenylenediarsine (I) appears to be the first compound 
in which it is established that a pair of atoms is linked to each of 
three benzene rings in the ortho-position in such a way that, a 
symmetrical grouping being assumed, the planes of the rings are 
inclined at 120° to one another. 

A substance, C 18 H 12 N 2 , described in the literature as triphenylene- 
diamine was obtained by von Dechend and Wichelhaus (Ber., 1875, 
8, 1609) by the action of nitrobenzene on aniline or diphenylamine, 
but its constitution is unknown. 

The new substance (I) was obtained as follows: Diazotised 
o-aminodiphenylarsinic acid coupled with phenylarsine oxide to 
give phenylene- 1 :2 -diphenylarsinic acid (II), which was then 
reduced with phosphorus trichloride, presumably to phenylene- 
1 : 2-diphenylchloroarsine; this was not obtained in the pure state 
and on distillation it gave tri-o-phenylenediarsine (I), evidently 
by the loss of two molecules of hydrogen chloride and consequent 
double ring closure. 



0 /AsPhOOH 

\AsPhOOH 

(II.) 



AsBr 2 

AsBr* 



(IV?) 


The constitution of the substance (I) is supported by the following 
observations, which show that triphenylenediarsine bears the same 
relation to the derivatives of arsanthrene (Kalb, Annalen, 1921, 
423, 39) as the triarylarsines do to those of the diarylarsines : (1) as 
triphenylarsine dichloride decomposes on distillation into diphenyl- 
chloroarsine and chlorobenzene (La Coste and Michaelis, Annalen, 
1880, 201, 242; Michaelis, ibid ., 1902, 321, 142, 160; WinmiU, 
J., 1912, 101, 720), so triphenylenediarsine tetrabromide (III) on 
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heating gives (in addition to bromine and triphenylenediarsine) 
o-dibromobenzene and arsanthrene bromide; (2) as di-p-tolyl- 
arsenious oxide on heating gives tri-p-tolylarsine (La Coste, Annalen , 
1881, 208, 20), so arsanthrene oxide (IV) on distillation gives tri¬ 
phenylenediarsine and arsenions oxide as indicated by the equation 
3 (IV) = 2 (I) + As 2 0 3 (compare the decomposition of phenyl- 
arsine oxide into triphenylarsine and arsenious oxide on heating; 
La Coste and Michaelis, ibid., p. 239). 

Moreover, the substance behaves as a tertiary arsine, being con¬ 
verted into the oxide by "nitric acid and forming a tetrabromide 
and a mercurichloride. 

Triphenylenediarsine is formed in the preparation of arsanthrene 
chloride by Kalb’s method (loc. cit.) and probably accounts for the 
sparingly soluble impurity which he found in arsanthrene oxide. 

The stereochemistry of the new system is under investigation, 
and it is hoped to prepare corresponding compounds with other 
elements in place of arsenic. 

Expeeimental. 

Phenylene -1 : 2-diphenylarsinic Acid (II).—Into a well-stirred, 
diazotised solution of o-aminodiphenylarsinic acid (20 g.; concen¬ 
trated hydrochloric acid, 58 c.c.; water, 700 c.c.; ice, 500 g.) was 
run a solution of phenyldichloroarsine (18 g.) in 5V-caustic soda 
(64 c.c.) to which sodium acetate (58 g.), dissolved in ice-water 
(450 c.c.), had been added just previously. The mixture was 
made alkaline with caustic soda, boiled with charcoal, and filtered. 
On acidification, the filtrate gave a yellowish-brown, pasty pre¬ 
cipitate. This was boiled with alcohol, which removed most of 
the coloured impurity, the residue was dissolved in a large volume 
of dilute aqueous ammonia, the solution neutralised with acetic 
acid and boiled with charcoal, and an excess of dilute acetic acid 
'added to the boiling filtered solution; phenylene-l ; 2-diphenyl- 
arsinic acid (9 g.) then slowly separated in pale yellow, microscopic 
crystals which did not melt below 310° and were insoluble in water 
and in the usual organic solvents (Pound: C, 49-0; H, 3*5. 
Ci 8 Hi 6 0 4 As 2 requires C, 48*4; H, 3*6%). 

Tri-o-phenylenediarsine (I).—Phenylene-1 : 2-diphenylarsinic acid 
(9 g.), suspended in chloroform (100 c.c.), was treated with excess 
of phosphorus trichloride (25 g.), heat being evolved and most of 
the acid dissolving. The solution was heated on the water-bath 
for 3 hours and filtered from a little tar. On distillation of the 
solvent a dark brown, oily residue was obtained from which no 
crystalline product could be isolated. It was therefore heated 
under reduced pressure; vigorous frothing occurred at 120—300°, 
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and at 320—340°, crystals of triphenylenediarsine gradually sublimed 
on the upper part of the distilling flask, but no distillate was obtained. 
The crystalline product was collected and a further quantity was 
obtained on extracting the charred residue in the flask with hot 
benzene. On recrystallisation from benzene (charcoal), triphenyl- 
enediarsine (2*5 g.) was obtained in small, almost colourless plates, 
m. p. 295—296°. It is soluble in benzene, acetone, or light petrol¬ 
eum, readily soluble in chloroform, sparingly soluble in alcohol or 
ether, and insoluble in water. It can be sublimed without decom¬ 
position (Found: 0, 57-4; H, 3*2; As, 40-1; if, in camphor 
by East’s method, 360, 396, 364. C 18 H 12 As 2 requires C, 57*1; 
H, 3*2; As, 39*8%; if, 378). 

The authors are indebted to Professor Hutchinson for the deter¬ 
mination of the crystallographic constants : 

System : Monoclinic (holohedral). a:b : c = 1*589 :1: p = 

113° 15'. Forms present: a(100), c(001), m(110). Angles ob¬ 
served : am 55° 35', ac 66° 45'. 

The crystals are elongated parallel to the axis of the zone [am] 
and are either tabular parallel to a with m and c small or bounded 
by m and c planes with a small or absent. The face c is invariably 
somewhat rounded. The optic axial plane is perpendicular to the 
plane of symmetry and lies in the obtuse axial angle. A negative 
acute bisectrix emerges obliquely from a. On viewing the crystal 
in monochromatic convergent light perpendicular to a pair of m 
faces, the emergence of an optic axis near the edge of the field can 
be seen. In white light, the dark brush passing through the centre 
of the ring system is replaced by brilliant red and blue fringes, 
indicating strong dispersion, and no extinction can be obtained on 
the m face in parallel light. The material available did not lend 
itself to an accurate determination of the Optical constants, but p 
for sodium light was found to be 1*790 approximately. 

The mercurichloride was obtained in short, colourless needles 
from the diarsine and mercuric chloride in cold acetone; after 
recrystallisation from alcohol, in which it was sparingly soluble, 
it melted at 285—286°. It was readily decomposed by warm 
dilute caustic soda solution. 

The oxide was obtained on boiling the diarsine with concentrated 
nitric acid and pouring the resulting solution into water. It was 
readily soluble in alcohol and separated from dilute aqueous alcohol 
in short, thin, colourless needles, which did not melt below 360° 
(Found : C, 52*6; H, 3*0. C 18 H 12 0 2 As 2 requires C, 52*7; H, 2*9%). 

The tetrabromide (III) was precipitated as an orange-red, crystal* 
line substance, m. p. 255—256°, when the diarsine was treated with 
a small excess of bromine in dry chloroform (Found: Br, 45*7, 
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C 18 H 12 Br 4 As 2 requires Br, 45*9%). It is readily soluble in acetone 
or alcohol and in hot glacial acetic acid (with decomp.), sparingly 
soluble in chloroform, and insoluble in ether, benzene, or light 
petroleum. It is readily decomposed by dilute caustic soda solution 
or even by water, giving the colourless oxide (Found: As, 36-4. 
Calc, for C 18 H 12 0 2 As 2 : * As, 36-7%). 

When the tetrabromide was heated under reduced pressure (15 
mm.), decomposition took place at about 260°, much bromine was 
evolved, and a small quantity of a yellow liquid distilled; the residue 
set to a crystalline mass on cooling. The liquid product was dis¬ 
solved in ether, treated with caustic soda to remove free bromine, 
and distilled in a vacuum, being thus obtained as a colourless oil, 
b. p. 104—105°/15 mm., 224°/ordinary pressure (Found : Br, 68-2. 
Calc, for C 6 H 4 Br 2 : Br, 67-8%). On intensive cooling, the liquid 
set to a colourless solid, m. p. 4°. It was concluded that the liquid 
was o-dibromobenzene, which has b. p. 224° and m. p. 5*6°. (The 
m-isomeride has b. p. 220° and m. p. — 7°, and the p-isomeride, 
m. p. 87°.) 

As it would probably have been difficult to separate the small 
amount of arsanthrene bromide from the triphenylenediarsine by 
recrystallisation, the crystalline residue was treated with alcoholic 
ammonia to convert the arsanthrene bromide into the oxide. After 
dilution with water, the product was collected and extracted with 
hot alcohol, the portion remaining undissolved consisting of tri¬ 
phenylenediarsine, which after recrystallisation from benzene gave 
m. p. and “ mixed m. p.” 295—296°. The cooled alcoholic extract 
was filtered from a small amount of the diarsine which had separated 
and was then concentrated. Arsanthrene oxide, which separated 
on cooling, crystallised from alcohol in small, lustrous plates which, 
alone or m ix ed with pure arsanthrene oxide, melted at 194—195°. 

The presence of bromide in the ammoniacai liquor was verified. 

Treatment of triphenylenediarsine with chlorine yielded a light 
yellow compound, which has not been investigated. Methyl iodide 
gave no addition compound on prolonged heating with the diarsine 
in a sealed tube at 50—60°. 

Formation of Triphenylenediarsine from Arsanthrene Oxide .— 
Pure arsanthrene oxide distilled under 15 mm. pressure, without 
appreciable decomposition, as a yellow liquid, which rapidly solidi¬ 
fied. When, however, the pure oxide was distilled in a current of 
carbon dioxide under only slightly reduced pressure, considerable 
decomposition took place. Arsenious oxide sublimed into the 
receiver, and a crystalline substance on the upper part of the 
distilling flask. The crystalline product was extracted with hot 
alcohol to remove any unchanged oxide and then recrystallised from 
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benzene, from which it separated in small, colourless plates, m. p. 
295—296°, and at the same temperature after mixture with pure 
triphenylenediarsine. The dark brown residue in the distilling 
flask gave a further small quantity of the diarsine on extraction 
with benzene. 

Triphenylenediarsine appears to be formed during the distillation 
of arsanthrene chloride, for, when arsanthrene chloride prepared 
by Kalb’s method ( loc . cit.) was converted into the oxide by alcoholic 
ammonia, and the oxide crystallised from alcohol, a small quantity 
of triphenylenediarsine remained undissolved. It separated from 
benzene in small, colourless plates, m. p. and “ mixed m. p. ” with 
the pure diarsine 295—296° (Found: C, 57*3; H, 3*1%), and on 
oxidation with nitric acid it gave triphenylenediarsine oxide as fine 
needles (Found : C, 52*7; H, 2-8%). 

University Chemical Laboratory, 

Cambridge. [. Received ,, May 28th, 1927.] 


CCCLXVII .—The Halogenation of Phenols . Part II. 

lodination . 

By Frederick George Soper and Gilbert Freeman Smith. 

The relative ionisation constants of chlorine and hypochlorous 
acid to give a positive halogen ion (Soper and Smith, J., 1926, 
1582) express qualitatively the ease with which these substances 
chlorinate phenols. A study of the chlorination by hypochlorous 
acid showed, however, that the hypochlorous acid molecule was the 
chlorinating agent, so that the parallelism between the ease of 
chlorination and the ionisation constant of the chlorinating mole¬ 
cule is not due to preliminary ionisation into a reactive positive 
halogen ion. The ionisation constant of the halogenating agent 
may be regarded as a measure of the number of polarised molecules 
present and collisions between these and other molecules may be 
effective. It was of interest to extend this line of argument to 
iodination by iodine and by hypoiodous acid, the relative ionisation 
constants of which, given by the ratio Kn/K w (K/ t being the hydrolysis 
constant, G^C v Cnoi/Oj t = 3 X 10’ 13 , of iodine in water; Bray and 
Connolly, J . Amer . Chem . Soc. } 1911, 33, 1485), are as 30 to 1. It 
might be expected from this ratio that the ease of halogenation by 
iodine would be comparable with that by hypoiodous acid. 

The mechanism of the iodination of phenols was investigated by 
Cofman (J., 1919, 115, 1040), who showed that in acid solution 
iodine does not iodinate, whilst the active iodine in an alkaline 

;■ : '5a • 
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solution was equal to the concentration of hypoiodous acid, as 
calculated from the known kinetics of iodate formation (Skrabal, 
Monaish 1911, 32, 171). It might appear from these facts that 
iodine is incapable of iodination and that hypoiodous acid or (as 
Cofman suggests as an alternative) the positive iodine ion is the 
halogenating agent. As, however, in acid solution the phenol would 
be mainly un-ionised, whilst in alkaline solution the very much 
more highly reactive phenoxide ions would be present, the mechan¬ 
ism has been further examined in order to determine whether iodine 
is capable of reacting with phenoxide ions. 

Examination of the speed of iodination of phenol was carried 
out by the use of a solution of iodine in potassium iodide in the 
presence of a neutral phosphate buffer. If molecular iodine is 
involved in the interaction, then the speed will be proportional, on 
the classical reaction-velocity equation, to the concentration of 
free iodine in the mixture. The equilibrium concentration of free 
iodine can be calculated from the expression CjJJ v /C v = K x 
(Bray and MacKay, J. Amer. Chem. Soc.> 1910, 32, 914), using the 
appropriate value for K 1 which depends on the iodide concentration. 
The speed of iodination at constant phenol concentration will thus 
be given by v = Jc^KjCi^fC^ and since, in the presence of excess 
of iodide ions, G u , is represented sufficiently accurately by the 
thiosulphate titre of the solution, the velocity coefficient, lc v of the 
reaction calculated from the equation 

v = Jc x X thiosulphate titre . . . . (1) 

should vary inversely as the iodide-ion concentration. 

If the iodination is caused by hypoiodous acid, the velocity 
coefficient Jc t should vary approximately as the inverse of the 
square of the concentration of the iodide ion at constant hydrogen- 
ion concentration, for Choirs* <hjCi % = K h = 3 X 10~ 13 , a denoting 
the appropriate activity * of the ion, and hence 

v = &HOI • ^HOI = kzoiKhKi 61 3 '/&h* %C y i'... (2) 

The results obtained are given in Table I. The values of the 
activity of the iodide ion, have been interpolated for the appro¬ 
priate ionic strength, [a, from a table of the activities of the chloride 
ion (Lewis and Randall, “ Thermodynamics,” 1924, p. 351), The 
concentrations of iodine and of hypoiodous acid given in cols. 4 and 
6, respectively, are the initial equilibrium concentrations of these 
substances in the reaction mixture. The unimolecular coefficient 
Tc x (the mean of two experiments agreeing to within 1%) is seen to 

* The activity of a neutral molecule has been equated to its concentration, 
in the absence of other information. 
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be proportional to the initial concentration of the hypoiodous acid. 
Although the concentration of the iodine is between 10 4 and 10 5 
times that of the hypoiodous acid, there is no appreciable iodination 
by iodine. 

Table I. 


Ph-OH = 0*010; 1 2 added = 0*001 M; Temp. =* 25*0°; a H * « 10~ 7 . 


/*. 

O r . K x . 10 3 . Oi 3 . 10 5 . 

or. 

Oiioi . 10 10 . 

Jc t . 

lo- 1 . 

Oh 

10 -*.k u 
Oroi 

0*2092 

0*1 1*31 1*295 

0*0745 

5*231 

0*1926 

1*486 

3*685 

0*3092 

0*2 1*21 0*605 

0*1434 

1*287 

0*0477 

0*788 

3*75 

0*5092 

0*4 1*00 0*250 

0*2724 

0*2752 

0*0102 

0*407 

3*71 


It is now necessary to differentiate between the interaction of 
hypoiodous acid and that of positive iodine ion with the phenol 
molecule or with the phenoxide ion. This is possible by an examin¬ 
ation of the speed of iodination in solutions containing a constant 
concentration of iodide ion and various hydrogen-ion concentrations. 
Since the reaction is examined over the hydrogen-ion concen¬ 
tration range from 0*5 x 10 -7 to 4 x 10“ 7 , the phenol exists mainly 
in the un-ionised condition, its ionisation constant, K a , being 
1*1 X 10~ 10 . The concentration of phenoxide ions is thus inversely 
proportional to the hydrogen-ion concentration. 

For a reaction between hypoiodous acid and phenol, the speed 
will be given by 

v = Jc% ^Hox^ph-oH = k 2 

= k 2 iTi-K’/jCpn.oH C h '/a R >f 1 'C r ,2 ‘ .(3) 

where f v is the activity coefficient of the iodide ion. The velocity 
coefficient, k v of equation (1) should vary inversely as / r a H *, or, 
since the ionic strength is nearly constant in the different mixtures, 
inversely as the hydrogen-ion activity. If the reaction is between 
‘ the phenoxide ion and hypoiodous acid, 

V = Jc z Choi ^Wo' 

^ \ KlKhKaCvh'OBpIi'IttlV^fvk'O'fl'Ct? . . (4) 

and k x should vary approximately as the inverse of the square of 
the hydrogen-ion activity. 

For iodination by positive iodine ions, the concentration of 
which is controlled by the equilibrium constant K 2 = a r a v jG lt = 
(k'Gvfr /C lv the velocity equation will be = /c 4 Cj > h . 0H O r = 
^ 4 Z 1 Z 2 Cp h .oHC l3 ./C r a r /x-, and Tc x would be independent of 
the hydrogen-ion concentration, whilst for an interaction of 
positive iodine ion with the phenoxide ion the constant k x would be 
inversely proportional (approximately) to the hydrogen-ion concen¬ 
tration. Actually, experiments carried out at the hydrogen-ion 
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activities of 0*5, 1*0, 2*0, and 3-98 x 10" 7 showed that the velocity 
coefficient Jc 1 varied more rapidly than the inverse of the hydrogen- 
ion activity of the mixture, but less rapidly than its inverse square. 
The results are summarised in Table II, 


Table II. 


Ph*OH = 0*010; KI « 0*100; temp. = 25*0°. 


HPO*". H 2 P0 4 '. 

fi. 

Jr* 

<z a *. 10 7 . 

K 

(obs.). 

10’X 

10“ x 

Tc-yCt h *^» 

h 1 (calc.). 

0*0370 0*0130 

0*224 

0*741 

0*5 

0*420 

0*210 

0*105 

0*440 

0*0296 0*02037 

0*209 

0*745 

1*0 

0*193 

0*198 

0*193 

0*182 

0*0205 0*0295 

0*191 

0*752 

2*0 

0*083 

0*166 

0*322 

0*081 

0*0126 0*0374 

0*175 

0*759 

3*93 

0*036 

0*143 

0*570 

0*038 


Assigning the values 4*85 X 10 9 and 2*76 X 10 7 to k 3 and k 2 
respectively, and taking the value of / Ph . 0 ' as equal to that of f Vs 
k 1 has been calculated from the equation 


V — kf^CJ HOI^Ph • OH 


+ k^C RO iCp] 


= {k °- + °') 


(5) 


which, in combination with (1), gives 


h = gig » % 2g (fe a + h 3 K a /a K -f su . 0 ’) ... (6) 

&H*W Jr 

Bearing in mind the necessarily approximate values used for the 
activities of the various ions and neutral molecules, the divergencies 
between the observed and calculated values of k x are not unreason¬ 
able. 

Conclusions. 

It would thus appear that the iodination of phenol is not caused 
by the positive iodine ion, but that the main reactions are those 
between the hypoiodous acid and the ionised and un-ionised phenol, 
the reactivity of the phenoxide ion being 180 times that of the 
phenol molecule. Molecular iodine is a singularly poor iodinating 
agent, being at least 10 6 times less active than hypoiodous acid 
in spite of its greater ease of ionisation and, presumably, its more 
highly polar condition. 

The behaviour of halogens and the hypohalous acids towards 
phenols (as illustrated by chlorine and iodine) is thus not entirely 
explained on a theory of reactivity governed by the polar state 
of the molecules, iodination indicating that some other factor can 
dominate. This factor may be the affinity of the residual nuclear 
hydrogen for the residue of the halogenating molecule. The 
affinity of the hydrogen ion for the hydroxyl ion is so much greater 
than for the iodide ion that hypoiodous acid becomes very much 
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more reactive than iodine. In chlorination, however, the large 
difference in the affinities of Cl* for OH' and for Cl' (4-8 X 10 10 to 1) 
appears to be the controlling factor. 

Experimental. 

Buffer Solutions. —The phosphate buffer solutions were prepared 
from potassium dihydrogen phosphate (B.D.H., A.R.) and sodium 
hydroxide free from carbonate; the quantities taken (Table II) 
were interpolated from those given by Clark ( cc Determination of 
Hydrogen Ions/’ N.Y., 1920, p. 76). Conductivity water was used 
in making up all the solutions. 

Measurement of the Speed of Iodination. —The reaction was 
started by addition of the iodine solution in potassium iodide to 
the mixture of phenol (m. p. 40*0°) and phosphate buffer solution 
at 25-0°. 10 C.c. of the reaction mixture were removed at suitable 
intervals and run into 50 c.c. of 0*5Y-sulphuric acid, whereby the 
reaction was stopped. Titration of the residual iodine with N/5 00- 
thiosulphate was carried out in an atmosphere of nitrogen, which 
enabled perfectly sharp end-points to be obtained. The results 
for a typical experiment are given in Table III. 

Table III. 

0*05Af-KH 2 P0 4 ; 0*02961tf-NaOH; 0*01Af-Ph*OH; 0*001M-I a ; temp. 

25-0° ± 0-02°. 

Time (mins.) . 0 8-70 13*97 22*80 35*58 49*90 64*93 

[I/] X 10 4 ... 9*67 8*07 7*27 5*98 4*60 3*48 2*56 

kj 2*303 . — 0*0208 0*0205 0*0210 0*0208 0*0205 0*0205 

University College of North Wales, 

Bangor. [Received, September 9th, 1927.] 


CCCLXVIIL —The Activity Theory of Reaction Velocity ♦ 
The Interaction of TSi-Chloroacetanilide and Hydro¬ 
chloric Acid . 

By Frederick George Soper and David Reginald Pryde. 

The effect of electrolytes on the speed of reactions catalysed by 
acids is interpreted at the present time along two lines. On one 
theory, the catalyst is the hydrogen ion, its catalytic activity being 
proportional either to its thermodynamic activity (Harned, J. Amer, 
Ghem. Soc. y 1918, 40, 1461), which is affected by the presence of 
salts, or to its concentration (Bronsted and Pedersen, Z. physikaL 
Ghem ., 1924, 108, 185) as calculated from the concentration ionis¬ 
ation constant, which changes with the ionic strength (Arrhentas, 
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Z. physikal Chem ., 1899, 31, 197; Bronsted, J., 1921, 119, 574). 
The other theory, which has recently been extended by Dawson 
(Dawson and Carter, J., 1926, 2282 et seq.), attributes catalytic 
activities to the undissociated molecule and to the acid anion, as 
well as to the hydrogen ion. On the latter theory, the catalytic 
activities of the various ions are assumed to be proportional to their 
concentrations. It may be noted, however, that Dawson, in cal¬ 
culating his hydrogen-ion concentrations in acetic acid-acetate 
mixtures, uses a constant value for the ionisation constant of acetic 
acid in which he substitutes for the acid and anion concentrations 
(Dawson and Dean, ibid., p. 2876); no allowance is made for the 
increase of the concentration ionisation constant (some 200% : 
Bronsted, loc. cit.; compare K Wf Hamed, J . Amer. Chem. Soc 
1925, 47, 930) as the salt concentration is increased from 0 to 
1 - 0 N. 

A factor very generally neglected in the study of acid catalysis 
is the effect the electrolyte may have on the active mass of the 
non-electrolyte, as demonstrated by the experiments of Jones and 
Lapworth (J., 1911, 99, 1427), who found that the equilibrium 
constant of the reaction EtOH 4- CH 3 *C0 2 H CH 3 *C0 2 Et + 
H 2 0 changes by more than 100% as the amount of the catalyst, 
hydrogen chloride, is altered. Since the catalyst does not appear in 
the equilibrium constant, the velocity coefficients k and k f in 

the equations, V = ^^cat^yst^alcohol^add and V = h C catalyst ^ea ter^Vaterj 

must vary as the catalyst concentration changes. The general 
procedure has been to regard k as strictly constant, and to deduce 
the effective concentration of the catalyst on this assumption. 
It is obvious that this procedure may lead to erroneous theories. 
If deductions are to be made as to the effective concentrations of 
the catalyst, k , and therefore kjk\ must be strictly constant. The 
equilibrium constant of a system must therefore be expressed in 
such a way as to be independent of the changes in medium caused 
by the addition of neutral salts, and the velocity equation must be 
modified so as to be in harmony with this equilibrium constant. 
An equilibrium constant of this nature was proposed by van J t Hoff 
(Lectures, 1898), concentrations being replaced by the ratio of 
concentration to the limiting solubility in the particular medium. 
Replacement of concentrations by this ratio in the velocity equation 

= &C gives v = k 0 CjS ; Dimroth (Annalen, 1910, 377, 127) used 
this equation in studying the effects of solvents on the velocity of 
intramolecular transformation, and found that, whilst the classical 
velocity coefficient had values which differed as much as 100-fold 
from each other, the values of Jc 0 only exhibited a 3-fold variation. 
It would thus appear that part of the effect of the medium on 
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reaction speed is connected with solubility. It follows that, if the 
solubility of a non-electrolyte, such as ethyl acetate, is decreased 
by the presence of electrolytes, its reactivity may be increased. 
This is also indicated from a consideration of the kinetic equilibrium 
of a solid with its saturated solution. If the solubility is decreased, 
a greater proportion of the solute molecules must possess sufficient 
translational energy to deposit themselves on the surface of the 
solid, and the reactivity, which depends on the proportion of 
molecules having an energy greater than some critical value 
(Arrhenius, Z. physikal. Ghem., 1889, 4, 226; Hinshelwood, Phil . 
Mag., 1925, 2, 360), may be expected to increase (Scatchard, J . 
Amer. Chem. Soc ., 1923, 45, 1581). 

The van ’t Hoff equilibrium constant is a partial statement of 
the activity constant. Defining the activity, a A , of a substance 
A by the expression F A = C A + BT log a A , where F A is the partial 
free energy and C A is a constant, and putting F A + F B = ip + jP q 
as the condition * of equilibrium in the system A + B P + Q, 
it is seen that a A u B /u P a Q is constant and independent of the medium. 
The modified velocity equation corresponding to the classical 
equation is thus v = ka A a B , but it is important to note that this 
equation is only one of a number which, when applied to a balanced 
reaction, satisfy the activity equilibrium constant. The general 
velocity equation is of the type 

v = k 0 a A a B F 1 (activities). F 2 (specific effect of solvent). 

F* . • -F n , .(1) 

with the stipulation that the functions F v F 2 . . ., should be 
common to both the forward and the reverse reactions of the 
reversible change. 

The object of the present work was to test the equation v = ka A a B , 
or, if this was inadequate, some equation of the general type (1), 
and for this purpose a knowledge of the activities of the reacting 
substances in the presence of each other is necessary. Whilst the 
effect of small concentrations of a non-electrolyte on the activity 
of an electrolyte is negligible, the electrolyte may exert a large 
effect on that of the non-electrolyte. The determination of the 
activity of a substance in the presence of those reagents which are 
causing its decomposition is difficult, and it does not suffice to 
regard the salting-out effect of all electrolytes as identical at equiv¬ 
alent concentrations. It has been possible to overcome this diffi¬ 
culty in the study of the interaction of hydrochloric acid and 
iV-chloroaeetanilide (Orton and Jones, Bep. Brit Assoc,, 1910, 

* This is permissible if a displacement of the equilibrium is not attended 
by a change in the ionic strength (Soper, J. Physical Chem,, 1927, 31, Nov.), 
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85; Rivett, Z. physikal. Chem 1913, 82, 301; Harned and Seitz, 
J. Amer. Chem . Soc ., 1922,44,1475), for both hydrogen and chlorine 
ions must be present before the N -chloroacet anilide reacts, and it 
was therefore possible to measure separately the effects of these 
ions on the activity of the ehloroamine. It was found that the 
replacement of the chloride ion by the nitrate ion raised the solu¬ 
bility of the ehloroamine in a certain ratio, which depended on the 
salt concentration, but was otherwise independent of the kation 
present. Prom the solubility in nitric acid, that in hydrochloric 
acid could be deduced, and the activity coefficient was found in 


Pig. 1. 



this way to change by 13% over the hydrochloric acid range 
examined (0*1—T5M). The results are given graphically in Fig. 1, 
where the logarithm of the activity coefficient of the ehloroamine 
(the ratio of the solubility in water to that in the salt solution) has 
been plotted against the ionic strength. 

Measurement of the Bate of Interaction of Hydrochloric Acid and 
N-Chloroacetanilide. —The transformation of N -chloroacetanilide 
to o- and p-chloroacetanilides was shown by Orton and Jones (loc. 
ciL) to involve two successive stages: first, an interaction of the 
hydrochloric acid and the ehloroamine with the production of 
chlorine, and secondly, reaction between the chlorine and the 
acetanilide. It has since been shown by one of us (J. Physical 
Chem., 1927, 31, 1192) that the speed of the transformation is 



THE ACTIVITY THEORY OE REACTION VELOCITY. 


2765 


approximately equal to that of the first stage, but that the measure¬ 
ment of the rate of reaction is complicated by simultaneous 
A-chlorination of the chloroanilides which are produced. The 
effect of this was shown to be that the rates of the transformation 
as ordinarily measured indicate an apparent reactivity of the 
hydrochloric acid, which is too great in the more concentrated acid 
solutions. In order to measure the true rate at which chlorine is 
being formed, it is necessary to have present excess of some sub¬ 
stance which is readily chlorinated and does not itself react with 
the hydrochloric acid or the chloroamine. Acetanilide, phenol, 
andp-cresol have been used for this purpose, and have given identical 
results. 

It is possible that chlorine may be produced from a chloroamine 
by two mechanisms : (1) a direct interaction of hydrochloric acid 
and the chloroamine the rate of which it is desired to measure, and 
(2) a primary hydrolysis of the chloroamine to hypochlorous acid, 
followed by the rapid interaction of hydrochloric and hypochlorous 
acids, giving chlorine (k 2 at 25° = 1-0 X 10 8 ; Soper and Smith, 
J., 1926, 1582). If (2) occurs appreciably, the rate of chlorine 
formation will be greater than the rate of interaction of the chloro¬ 
amine and hydrochloric acid. In aqueous solution, the rate of 
hydrolysis of N -chloroacetanilide is very slow, for in the presence 
of phenols with which hypochlorous acid reacts rapidly, no detect¬ 
able disappearance of the chloroamine occurred in 7 hours. In 
acid solution, the rate of hydrolysis becomes measurable. It is 
unaffected by the amount of phenol present, is proportional to the 
acid strength, and is practically the same for nitric, sulphuric, and 
perchloric acids of the same concentration. If the rate of hydro¬ 
lysis is the same in hydrochloric acid as in other acids, it is approxim¬ 
ately 6% of the rate of chlorine formation in OvlJf-hydrochloric 
acid and decreases to 0-4% in T5AT-acid. The rates of chlorine 
formation corrected for the rate of hydrolysis of the chloroamine 
give the speeds of direct interaction of the chloroamine and hydro¬ 
chloric acid. 

Activity of the Hydrochloric Acid .—Since the general activity 
reaction-velocity equation has been developed from the free-energy 
condition for equilibrium, F A + F B = F? + F Q , which applies 
strictly only to those equilibria in which a slight displacement does 
not affect the ionic strength, it is necessary to examine the reaction 
(HQ ^ H' + a') + :Na —> Cl 2 + :NH, more closely. 
Although the chlorine does not remain in the system, but is immedi¬ 
ately taken up by other substances which are present, the velocity 
equation must satisfy the equilibrium conditions which would be 
attained were the chlorine to remain free in the system* For a 
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slight displacement of the above equilibrium such that dn mols. 
of hydrogen chloride disappear, there is a disappearance of 2 dn ions, 
with a consequent decrease in the free electrical energy of the medium 
(Soper, loo. tit.). This change in the free energy of the medium is 
independent of whether the un-ionised acid or the ions actually 
react with the chloroamine. The equilibrium condition is therefore 

dF E . dF cy — dF + dF + dF ;jrtr — dF mc( ji am = 0. . (2) 

The interaction of hydrochloric acid and the chloroamine is 
apparently of the third order, but since it has the normal temper¬ 
ature coefficient (Hamed and Seitz, loc. tit.), whilst a true termol- 
ecular reaction, involving the simultaneous collision of 3 molecules, 
has a temperature coefficient of nearly unity (Bodenstein, Z. physikal. 
Chem., 1922, 100, 68), it is probable that the reaction is one 
involving the un-ionised hydrogen chloride and the chloroamine. 
The partial free energy of the un-ionised hydrogen chloride is con¬ 
nected with those of the hydrogen and chlorine ions by the equation 

— dF HC1 + <£F h « + dFoi> + dF mediuto = 0 . . (3) 

where the dF mtiinm corresponds to the increase in the electrical 
free energy of the medium due to the formation of 2 dn ions. 
Combining (2) and (3), we have 

dF HC1 — dF + dF^ + dF : $ R — 0, 

or -^hq “t* Fy$Q = F{% t "f* F ; nh.(4) 

and substitution for = .ST log a ECl + C mi etc., gives 
^hci^:kci^ constant, 

corresponding to the simple activity reaction-velocity equation 

V * 3=5 deraildt = ^o^sci^^rci ^ ^o^ci/:NCl c :Kci* . • . (6) 

Values of a BCl are given by E.M.F. measurements on hydrochloric 
acid concentration cells without liquid junction, for in a slight 
displacement of the system in equilibrium the electrical work 
dnEFjN is balanced by the change in the partial free energy of 

* The speed is regarded as the number of g.-mols. of the reagents reacting 
in unit time per unit volume , rather than the number reacting per unit weight 
of solution, for the activity is connected, as was pointed out by Scatchard 
(loc. cit *), with the number of molecules possessing a certain critical energy 
which enables them to pass through, or react with, unit area of the boundary 
surface in unit time. If one imagines a number of planes of unit area immersed 
in the solution, then those molecules possessing sufficient energy to carry them 
through the surface will also pass through each of these planes. If the 
planes are of infinitesimal thickness and are arranged so as to form a solid 
cube, the activity will measure the number of molecules possessing a certain 
critical energy in that cube, i.e. t in unit volume. The number of molecules 
reacting should also, therefore, have reference to unit volume. 
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the hydrochloric acid caused by its transference from cell to cell 
together with the net change in the electrical energy of the two 
media, i.e ., 


dnEE IN = — dF iVl — dF CVl — dF mt ^ inmi + dF H - n + dF an + dF mc <uamn 
which, on being combined with (3), gives 

dnEEjN = — dF hcij -j" dFzcrn 
and EE =BT log (a RGlu la Eaj ) + constant. 

Comparison of (5) with the equation v = &c ;NC1 used in evaluating 
a velocity coefficient at any one acid concentration indicates that 
&/&hci/ : nci should be constant at constant temperature, unless 
the speed is affected by viscosity. 

Effect of Viscosity. —Since activities, and therefore activity 
equilibrium constants, are independent of viscosity, it is possible 
to show theoretically by consideration of the equilibrium, 
A P + Q, that if the velocity of a unimolecular reaction is 
unaffected by viscosity, then that of a bimolecular reaction should 
also be unaffected; for application of the reaction-velocity equation 
to such an equilibrium gives K = kffk^ and if K and k Y are inde¬ 
pendent of viscosity, then Jc 2 must also be independent of it. This 
argument applies to any reaction-velocity equation of type (1). 

In Table I the relative viscosities of the acid media (Green, J., 
1908, 93, 2023) have been included. The molalities (g.-mols. of 
acid per 1000 g. of water) are given in the first column, ¥ is the rate 
of chlorine formation, k" the rate of hydrolysis of the chloroamine, 
k = ¥ — ¥' is the rate of interaction of the chloroamine and 
hydrochloric acid, and a HC1 the activity measured electrometrically 
by Scatchard (J. Amer. Chem . Soc., 1925, 47, 641). 

Table I. 

h 


Ok ci»* 

10 3 . h'. 

10*. h". 

10 3 . h. 

CtH-ttOl'. 

/:NC1* 

OffOl/iNC'f 

y- 

0-1 

0*52 

0*32 

0*49 

0*00642 

0*989 

0*0767 

1*000 

0*2 

1*88 

0*58 

1*82 

0*02397 

0*980 

0*0775 

1*005 

0-3 

4*06 

0*96 

3*95 

0*05239 

0*972 

0*0775 

1*011 

0-4 

7*11 

1*25 

6*98 

0*09242 

0*964 

0*0783 

1*017 

0-5 

10*8 

1*50 

10*6 

0*1448 

0*957 

0*0772 

1*023 

0*6 

16*0 

1*92 

15*8 

0*2134 

0*951 

0*0778 

1*029 

0-7 

21*9 

2*24 

21*7 

0*2966 

0*947 

0*0779 

1*035 

0*8 

29*1 

2*54 

28*9 

0*3985 

0*939 

0*0773 

1*042 

0*9 ' 

38*2 

2*88 

37*9 

0*5204 

0*932 

0*0779 

1*043 

1*0 

48*2 

3*24 

47*9 

0*6675 

0*925 

0*0776 

1*054 

1*5 

124 

4*80 

124 

1*843 

0*877 

0*0767 

1*083 

The 

values 

of kjctft d 

i/:nci are 

constant to 

within 1%, 

which 


is of the order of the experimental error, whilst the viscosity changes 
by 8%. The observed rates of reaction may therefore be regarded 
as supporting the simple activity velocity equation for a reaction 
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between neutral molecules in aqueous media. They do not 
necessarily indicate that the reactivity of an ion is proportional to its 
thermodynamic activity. 

On Bronsted’s theory (Z. physihal. Chem 1922,102, 169), 
v = Jcc : xa ^EClf:NClfEClIf ::NC1,HC1) 

= kc : xci &KClf :XCl/f::NC1,EC1)} 

and comparison with the simple activity equation shows that, in 
order to account for the observed facts, the activity coefficient of 
the critical complex (I3STC1, HC1) must be constant to within 0*5% 
over the acid range examined (0*1—T5 M). This is unlikely in 
view of the solubility changes which apparently almost invariably 
occur on addition of electrolytes to a solution. 

Experimental. 

Measurement of the Solubility of N -Chloroacetanilide in Acid and 
Salt Solutions. —Excess of iV-chloroacetanilide was added to the 
salt solution and shaken for 15 minutes at 25*0°; 10 c.c. of the 
clear solution were then removed by a pipette attached to a glass 
tube, on the lower end of which was mounted a perforated platinum 
plate covered with filter-paper. The chloroamine present was 
estimated by running it into acidified potassium iodide solution and 
titrating the liberated iodine with Nf 100-thiosulphate. The mean 
of four titrations was taken after saturation was attained (approx. 
15 mins.). The measured solubilities of iV-chloroacetanilide (in 
g.-mols. per litre) in potassium chloride, potassium nitrate, and 
nitric acid solutions are given in Table II, together with the 
calculated solubility in hydrochloric acid. 

Table II. 

Ionic strength. 0*0. 0*1. 0*4. 0*7. 1*0. 1*5. 

Solubility in KCl ... 0*01323 0*01232 0*01105 0*00963 0*00880 

„ KNO s , , nm oQQN 0*01350 0*01325 0*01275 0*01243 0*01178 

„ HN0 3 . 0*01418 0*01511 0*01680 0*01935 0*02295 

„ HC1 ... 0*01398 0*01434 0*01461 0*01495 0*01577 

Speed of Chlorine Formation from N- Chloroacetanilide and Hydro - 
chloric Acid. —The effect of increasing the concentration of acet¬ 
anilide, phenol, or p-cresol on the rate of fall of the iodine titre 
of a mixture of N -chloroacetanilide and hydrochloric acid is shown 
in Table III: 

Table III. 

HCl = 0*2 M ;NC1 = 0-OlikT ; temp, = 25*0°. 


Concentration of phenol, p-cresol, 


or acetanilide, M 

0*01. 

0*02. 

0*03. 

100ft' (acetanilide) ..... 

0*183 , 

0*188 

0*188 

100ft' (phenol) ... 

0*186 

0*188 

0*188 

100ft' (jj-cresol)... 

... s —- 

0*188 

0*188 
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The limiting value for h which corresponds to the rate of chlorine 
formation from 0*01 iff-chloroamine and 0-2AT-hydrochloric acid is 
thus 0-00188. The limiting values for other acid concentrations are 
given in Table I. Care was taken when mixing the aqueous solution 
of chloroamine with the calculated weight of hydrochloric acid 
solution to*adjust the initial temperatures so as to compensate for 
the heat of mixing. The speed of the reaction in the presence of 
l*5Jf-hydrochloric acid is too great to allow of pipetting out portions 
of the mixture, and portions were therefore poured into weighed 
flasks containing potassium iodide and sodium acetate at 10-sec. 
intervals, the flasks were reweighed, and the contents titrated. 

Speed of Hydrolysis of N-Chloroacetanilide. —Determinations of 
the rate of hydrolysis of the chloroamine were carried out in aqueous 
sulphuric, nitric, and perchloric acids, p-cresol being present in solu¬ 
tion to remove the hypochlorous acid as formed. In the absence 
of acid, there is no detectable disappearance of the chloroamine in 
7 hours. The rate of disappearance of chloroamine in the presence 
of acid follows a unimolecular velocity equation and the results 
obtained are summarised in Table IV. 

Table IV. 

:NC1 es 0*01ikf; p -cresol = 0-1 M ; temp. = 25-0°. 

H SO 

Concentration of acid. ,-ib—1!- % HNO s . 

0*1 0-2 0-4 0-8 1-0 1-0 

h" x 10 4 . 0-321 0-584 1-25 2-54 3-24 3-24 

Summary. 

1 . Since concentration equilibrium constants are affected by the 
presence of electrolytes, the classical velocity coefficients are not 
true constants, and the use of an equation, v = kf vamyBl G A C B , 
for determining the effective concentration of the catalyst is not 
justifiable. Attention has therefore been redirected to the general 
form of a reaction-velocity equation. 

2. The simplest type of the generalised equation applying to 
reactions involving neutral molecules, viz., v == ka A a^, is found to be 
in agreement with observations on the rate of interaction of hydro¬ 
chloric acid and V-chloroacetanilide. The activities of the reagents 
used in the velocity equation are those which obtain in the presence 
of each other. Actually, the activity of the chloroamine was found 
to be progressively decreased by 13% as the hydrochloric acid 
concentration was increased from 0*1 to 1 *5JT. 

3. The measurement of reaction speed in mols. transformed in 
unit time per unit volume , rather than per unit weight of solution, 
is justified on theoretical grounds. 


hcio 4 . 

1-0 

3-70 
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4. A proof is advanced that reaction velocity is independent of 
viscosity. 

The authors 5 tha nks are due to the Department of Scientific and 
Industrial Research for a grant which enabled one of them (D. R. P.) 
to take part in the investigation. 

University College of North Wales, 

Bangor. [ Received , September 13$, 1927.] 


CCCLXIX .—The Orienting Influence of Free and Bound 
Ionic Charges on Attached Simple or Conjugated 
TJnsaturated Systems . Part II. The Nitration of 
l-Benzylpiperidine and of Some Related Substances . * 

By Alfred Pollard and Robert Robinson. 

Although it is now generally agreed that the m-directive effect of 
the ammonium-salt group in the benzylammonium salts is associated 
with the positive charge of the ion, there are still many aspects of 
the subject that call for elucidation. The majority of the con¬ 
stitutive influences that have been observed in this field are 
susceptible of simple explanations, for example, the somewhat higher 
m-direetion in CH 2 PhfISMe 2 than in CH 2 Ph*NEt 2 (Goss, Ingold, and 
Wilson, J., 1926, 2440) is the result to be anticipated from the 
theory of Allan, Oxford, Robinson, and Smith (J., 1926, 401), the 
terminal methyl groups in the latter compound having a smaller 
electron affinity than the hydrogen atoms which they may be 
regarded as displacing. Thus in the benzyldiethylammonium ion 
the positive charge of the nitrogen atom is neutralised by electron 
displacement towards it to a larger extent than is the charge of the 
nitrogen atom in the benzyldimethylammonium ion. Consider¬ 
ations like these, although frequently applicable, cannot be extended, 
however, to benzylpiperidine, from which the yield of m-nitro- 
derivative is notably higher than that from the closely related 
tertiary bases already mentioned. Noelting and Kregczy {Bull. 
Soc. chim., 1916, 19, 355) found that benzyldiethylamine on 
nitration in sulphuric acid solution gave from 35—40% of the 
m-nitro-derivative; Plurscheim and Holmes (J,, 1926, 1562) found 
33-—53% under various conditions in sulphuric acid solution. Goss, 
Ingold, and Wilson (toe. cit .), employing nitric acid {d 1«5) alone, 
found that the proportion of the m-isomeride formed was 51%, and 
we have confirmed this. On the other hand, we were aware that 
the estimate of the proportion of the m-nitro-isomeride formed in 
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the nitration of benzylpiperidine, that was based by Ing and 
Robinson (J., 1926, 1665) on the separation as hydriodide, namely 
60%, was a conservative one. Employing Francis and Hill’s 
bromination method (J. Amer . Chem. Soc ., 1924, 46, 2498), we find 
that 72% of m-nitrobenzylpiperidine is actually formed. Similarly, 
l-fi-phenylethylpiperidine, C 5 H 10 N*CH 2 *CH 2 Ph, obtained by the 
interaction of magnesium benzyl chloride and N -isobutoxymethyl- 
piperidine in accordance with the general method of Robinson and 
Robinson (J., 1923, 123, 532), gave on nitration about 22% of its 
m-nitro-derivative. This figure is higher than that found for the 
simpler dialkylated p-phenylethylamines (compare Goss, Hanhart, 
and Ingold, J., 1926, 250) and .confirms the benzylpiperidine case. 
We are aware that this pronounced effect of ring closure may be 
accounted for merely as the result of a composition difference of two 
hydrogen atoms, our knowledge being insufficient to enable us to 
exclude this possibility on a priori grounds; we are nevertheless of 
the opinion that such a simple view is inadequate and, in the sequel, 
propose an alternative. 

Flurscheim and Holmes ( loc . cit.) showed that the proportion of 
m-nitrobenzyldiethylamine formed in the nitration of the salt of the 
base in sulphuric acid was diminished by saturation of the solution 
with ammonium sulphate. We have extended the study of this 
phenomenon to the nitration of benzylpiperidine in nitric acid 
solution. The addition of ammonium nitrate reduced the pro¬ 
portion of m-isomeride formed to about 56%, but as this salt is not 
readily soluble in nitric acid we made a further series of experiments 
on the influence of the addition of trimethylammonium nitrate to 
the acid, and found that the proportion of m-isomeride formed 
could be reduced to 16%. Addition of rubidium nitrate, which is 
readily soluble in nitric acid, produced roughly the anticipated 
effect. Addition of urea also decreased the proportion of the 
m-isomeride formed, and this was due to Fliirscheim’s effect and not 
to the removal of nitrous acid, because when nitric acid freed from 
nitrous acid by means of lead peroxide or by hydrogen peroxide was 
employed for the nitration of benzylpiperidine the normal pro¬ 
portion of the m-isomeride was formed. 

These variations in orientation produced by the addition of salts 
are unexpectedly great and demonstrate that the condition of the 
kation is of primary importance in determining the nature of the 
observed results. We attribute the effect to the progressive electro- 
striction of the kations by the nitrate ions, an explanation which is 
the equivalent, in the modem theory, of Flurscheim and Holmes’s, 
suggestion that the ion undergoes substitution in the m-position and 
the undissociated salt in the <?- and p-positions. On any theory, the 
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results make it evident that the value obtained in an experiment in 
which the base is gradually added to the nitric acid represents a 
mere average, since the ionic concentration is progressively 
increased during the nitration. This must coincide with a decreasing 
rate of formation of the m-isomeride relative to that of the 
jp-isomeride. (Attempts to define and apply standard conditions 
are being made.) Nevertheless we have found that the results 
obtained in the nitrations are reproducible and, although the 
numbers representing the proportions of m-isomeride formed have 
not the character of fundamental constants, some conclusions may 
be drawn from a consideration of these averages obtained in the 
case of related bases. It would, for example, appear most probable 
that the proportion of m-isomeride formed is partly related to the 
existence of constitutive factors that either hinder or assist the 
operation of electrostriction of the kations. In this connexion 
stereochemical conceptions are of primary importance (compare 
Plurscheim’s steric factor, s, in the correlation of the strengths of 
bases with their constitutions), because it is clear that the anions or 
negative ends of polarised complexes can the more effectively 
modify the field of the positively charged nitrogen atom the closer 
they can approach it. Other things being equal, we should expect 
the degree of electrostriction of the kations to be influenced as 
follows : 

(1) The smaller the number of atoms directly attached to the central 
charged atom , the greater should be the degree of electrostriction. The 
present authors have studied the nitration of a benzyldiethyl- 
sulphonium salt and will shortly submit an account of the work. 
The proportion of m-isomeride formed, although still noteworthy, 
is very much lower than in the nitration of benzyltrimethyl- 
ammonium nitrate. We attribute the result partly to the fact that 
the central atom is surrounded by four atoms in the ammonium 
salt, but by only three in the sulphonium salt. Benzylmethyl- 
piperidinium nitrate, CH 2 Ph*NMe! [CH 2 ] 5 }N0 3 , gave more than 
90% of the m-nitro-derivative on nitration, and the proportion of 
the m-nitro-isomeride formed in the nitration of benzylpyridinium 
perchlorate was estimated to be about 67%. The nitrogen atom is 
attached to four atoms in the first case, but to only three in the 
second. This explanation of the result is adequate, but we do not 
exclude the possibility that the charge may be distributed over the 
pyridine nucleus to some extent by induction and may thus be less 
effective on account of electron displacements towards it. 

(2) The greater the volume of ike central charged atom, the greater 
should be the degree of electrostriction. In this case, the larger radius 
might be expected to hinder electrostriction, but this effect may be 
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ignored, since it also places the charge further away from the 
aromatic nucleus, and this in itself diminishes the intensity of the 
field. On the other hand, electrostriction should be facilitated in 
the larger atoms by the smaller electron density near the surface 
rendering such atoms softer and perhaps by the appearance of 
patches not covered by the surrounding atoms. Thus under 
comparable conditions we may anticipate diminishing m-substitution 
in ascending a group in the periodic system : e.g. } CH 2 Ph*NR 3 > 
CHgPlrPR^ > CH 2 Ph*AsR 3 > CH 2 Ph-BiR 3 , and CH 2 Ph*SR 2 > 
CH 2 Ph*SeR 2 . 

(3) The smaller the space occupied by the atoms or groups attached 
to the central charged atom , the greater should be the degree of electro - 
striction. This consideration clearly applies to the case of hydrogen 
atoms, which have even been regarded as embedded in the electron 
shells (Thomson, Paneth). The nakedness of the proton is 
necessarily a most important factor favouring electrostriction in the 
salts of primary, secondary, and tertiary bases in diminishing degree. 
In other examples, the electron displacements and distances 
separating the atomic centres must also be taken into account. 

(4) The greater the mobility of the groups surrounding the central 
charged atom , the greater should be the degree of electrostriction . We 
imagine that closer approach of the anions is possible when the 
surrounding groups can be pushed aside or when, as the result of 
their normal vibrations, there are phases in which the nucleus of 
the central atom is exposed. Herein, we suggest, lies the explanation 
of the benzylpiperidine case. In benzyldiethylamine, the ethyl 
groups are not fixed, but may be supposed to be capable of some 
movement over a limited area of the surface of a sphere. When the 
ends of the chains are joined together as in benzylpiperidine, this 
freedom of movement must be lessened and electrostriction would 
be hindered in consequence. It is proposed to test this hypothesis 
by instituting further comparisons between open-chain and cyclic 
bases. The highest proportion of the m-derivative should be formed 
in the nitration of IV'-alpharylquinuclidinium salts, since the 
molecular framework in this series should be especially rigid. 

The course of the nitration of benzylpiperidine was unaffected by 
the addition of nitromethane or ethyl malonate to the reaction 
mixture, and the addition of nitrobenzene only lowered the pro¬ 
portion of m-isomeride formed to 58%. Evidently these weak bases 
do not form true ionised salts with nitric acid, and we suggest the 
following conception of the nature of the solutions. It is generally 
recognised that, in an acid HX, X has a more or less pronounced 
affinity for the negative charge and by electron displacement the; 
nucleus of the proton is bared so that HX is polarised. In a base 
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Be (e = electron) of the type that might form a salt BeH}X, B has 
a more or less pronounced affinity for the positive charge, and this 
molecule also is polarised (or there may bo a tendency to polarisation 
consummated by induction). In an acid, therefore, there are an 
intense local positive field and a diffuse negative field; in a base, 
the negative field is the more concentrated. The respective 
complexes thus contain bound ions (although the charges are not 
integral), and the ever-changing interplay of the forces between 
these is the interpretation we offer of the expression “ loose additive 
complex 55 which might be applied to the cases considered. This 
hypothesis gives a very similar picture of the condition of salts and 
of additive complexes in solution. In both cases, moderately stable 
molecules containing a limited number of the components may 
exist for definite periods of time. 

Experimental. 

Method of Estimation of the Proportion of m-Isomeride formed .— 
In applying the method of Francis and Hill ( loc. cit.) to the products 
of nitration of benzylpiperidine, we found that the presence of small 
quantities of unchanged benzylpiperidine did not affect the results 
and that the best procedure was to analyse directly the mixture of 
bases obtained. An important precaution was the avoidance of 
too large an excess of titanous chloride or of bromine. The nitro¬ 
compounds present were first estimated by reduction with titanous 
chloride and back-titration with ferric alum; reduction with a slight 
excess of titanous chloride was then effected in a fresh experiment, 
followed by bromination at 0° with the usual precautions. Within 
the limits of experimental error, the pure o-, m-, and p-nitrobenzyl- 
piperidines (Lellmann and Pekrun, Annalen, 1890, 259, 40) (purity 
estimated by means of titanous chloride, 99—100%) required after 
reduction 2, 3, and 2 molecular proportions of bromine, respectively. 
The fact that stoicheiometric rather than empirical relations can be 
employed in the calculations was confirmed by the analysis of the 
following mixtures : ortho, 484% and meta, 51*6% (Found : meta, 
48,514%); meta, 48% and para, 52% (Found : meta, 44, 47, 52%); 
meta, 71% mdpara, 29% (Found : meta, 69, 72%). 

Nitration of Benzylpiperidine .—The nitration (of 5 g.) was carried 
out as described by Ing and Robinson (J., 1926,1664) and the bases 
were isolated by means of ether. The mononitration was almost 
theoretical (Found: meta, 66, 71, 72, 76, 77; mean, 72%). In 
subsequent experiments, the conditions of nitration were the same 
(3 g. of the base and 20 c.c. of nitric acid, d 1*50) and the yields were 
from 90—98%. When relatively large amounts of ammonium 
nitrate were added, stirring was rendered difficult by the separation 
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of solids from the solution when it was cooled to —15°. These may 
contain KH 4 N0 33 2HN0 35 but also, in all probability, a similar 
complex derived from benzylpiperidinium nitrate, because the 
proportion of the base that was nitrated under the standard 
conditions was very much lower than in other cases. The results 
were : addition of ammonium nitrate (5 g.) (Found : nitration, 95%; 
meta, 57, 59, 59%); addition of ammonium nitrate (7 g.) (Found : 
nitration, 17*8%; meta , 54, 58%); addition of ammonium nitrate 
(8 g.) (Found : nitration, 24*5%; meta , 54, 56%). 

Lithium, sodium, potassium, and rubidium nitrates form a series 
in which the solubility in nitric acid increases, lithium nitrate being 
very sparingly soluble and rubidium nitrate being freely soluble. 
Addition of rubidium nitrate (3 g.) gave a clear reaction mixture 
(Found : nitration, 98%; meta , 19, 23-4, 25%). From the results 
tabulated below, it was found that the equivalent amount of 
trimethylammonium nitrate should reduce the proportion of the 
m-isomeride formed to 24%. 

Trimethylammonium nitrate was crystallised from alcohol until 


its m. p. was 152—153°. The effects of additions of this salt 
shown in the following table : 

NHMe 3 N0 3 added (g.). 

Nitration (%). 

Meta (%). 

Mean. 

0-5 

98-3 

59, 62, 66, 71 

64 

1*0 

99-3 

50, 53 

51-5 

1-5 

96-0 

40, 40, 41 

40 

2-0 

98*7 

30, 31, 33 

31*3 

3-5 

81-3 

15, 16, 17 

16 

7-0 

90*9 

21, 21 

21 


The result with 7*0 g., indicating a rise in m-isomeride formation 
after a minimum value has been reached, will be further investigated 
when the conditions are more accurately defined. The percentage 
nitration of the base in this case was confirmed by reducing the 
product (1*62 g.) with zinc and dilute sulphuric acid, the resulting 
amines being then benzoylated and the unchanged benzylpiperidine 
isolated by distillation in steam. The picrate (0*18 g.) was obtained 
in canary-yellow crystals, m. p. 174—176°; mixed with the picrate 
of benzylpiperidine, m. p. 175—177°, it melted at 174°. We were 
thus able to isolate as picrate 67 % of the unchanged benzylpiperidine 
which the titanous chloride estimation indicated to have been 
present in the nitration product. 

Since the rate of predominating m-substitution in a mono- 
substituted benzene derivative is always lower than that of pre¬ 
dominating op-substitution (Holleman), it seemed possible that 
the degradation of the reagent might result in a diminution of the 
proportion of the m-isomeride formed. The gradient of the curve 
representing the relation between reaction velocity and ohemioal 
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activity of the reagent should, in other words, be steeper in the 
case of the formation of the m-isomeride. This consideration might 
have a bearing on the effect of addition of salts to the nitric acid, 
and we therefore tried another method of degradation, namely, the 
removal of nitrous acid. Urea (TO g.) was added to nitric acid 
(20 c.c.; d\ *51), which was then cooled in a freezing mixture and 
thereafter allowed to warm to the ordinary temperature (the density 
became 1*52); after cooling again, the mixture was employed in a 
nitration under the standard conditions (Found: nitration, 99%; 
meta , 45, 45%). Lead peroxide was added to nitric acid (d T53), 
mixed with a little acid (d 1-54) prepared by distillation of a mixture 
of nitric acid {d 1*51) and phosphoric anhydride; after filtration the 
acid had d 1*51 and was free from lead. The nitration was carried 
out with this specimen in the presence of a small amount of lead 
peroxide (Found : nitration, 94%; meta , 65, 69, 73%). Another 
specimen of nitric acid (d 1-5) was prepared by the addition of con¬ 
centrated aqueous hydrogen peroxide to nitric acid (d 1*54), and 
this was employed in the nitration (Found: nitration, 98%; 
meta, 71%). 

When the standard nitration conditions were modified by reduc¬ 
tion of the volume of nitric acid to 10 c.c., a small diminution in the 
proportion of m-isomeride formed was observed (Found : nitration, 
95%; meta , 61, 62, 64%), but when the volume of nitric acid 
employed for the nitration of 3 g. of the base was trebled (60 c.c.) 
some dinitration occurred. 

The following results were obtained under the standard conditions 
modified as stated: Addition of nitrobenzene (5 g.) (Found: 
nitration, 98%; meta , 57, 59%); addition of nitromethane (2*5 g.) 
(Found: nitration, 99%; meta, 70, 73, 73%); addition of ethyl 
malonate (6*5 g.) (Found : nitration, 97% ; meta , 69, 69%). 

Benzyldiethylamine was nitrated under the conditions used for 
benzylpiperidine (Found : nitration, 98%; meta, 48, 50, 51%). 

Nitration of Benzylmethylpiperidinium Nitrate. — Benzylmethyl¬ 
piperidinium iodide , prepared from benzylpiperidine and methyl 
iodide, crystallises from ethyl alcohol in colourless needles, m. p. 
147° (Found: I, 40*0. C^H^NI requires I, 40*1%). It is readily 
soluble in water and in hot alcohol. 

This salt was converted into the nitrate by exact decomposition 
with silver nitrate, and the aqueous solution was evaporated to a 
syrup and then in a vacuum over sulphuric acid for several months. 
The friable solid was extremely hygroscopic, liquefying in the air 
in a few seconds; an estimation by means of nitron, combined with 
a titration showing the amount of free nitric acid present, indicated 
that the material contained 99—100% of the quaternary nitrate* 
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The salt (20 g.) was added to nitric acid (80 c.c.; d 1*5) at 0° during 
15 minutes, and the solution kept at this temperature for 2 hours 
and at room temperature for 2 hours more. The liquid was then 
diluted and distilled under diminished pressure, and this process was 
repeated so as to remove most of the nitric acid. The residue was 
neutralised with ammonia, and the picrate precipitated by stirring 
for 1 hour with an excess of picric acid. The mixture of picrate and 
picric acid was collected, washed with aqueous picric acid, and 
mechanically shaken with ether and dilute hydrochloric acid until 
no solid remained. The acid aqueous solution was concentrated 
under diminished pressure, again extracted with ether, and then 
neutralised with ammonia and concentrated to about 100 c.c. The 
iodide was then precipitated by the addition of a large excess of 
sodium iodide (yield, 94%). The crude nitration product (10 g.) 
was fractionally crystallised from methyl alcohol; 9*7 g. of the pure 
ra-isomeride were obtained (Found : I, 35*0%), and the colour 
reactions of the last mother-liquor showed that it still contained the 
m-isomeride in preponderating amount, a little of the p-isomeride, 
and a yellow impurity. 

The three nitrobenzylmethylpiperidinium iodides were prepared 
from the nitrobenzylpiperidines and methyl iodide and dried at 100° 
for analysis. o-Nitrobenzylmethylpiperidinium iodide crystallises 
from methyl alcohol in intensely yellow prisms, m. p. 183—184° 
(Found: I, 34*9. C 13 H 19 0 2 N 2 I requires I, 35*1%). This salt 
develops a brownish-yellow colour in boiling methyl-alcoholic 
potassium hydroxide, and on the addition of a methyl-alcoholic 
solution to acetone and solid potassium hydroxide a bright brownish- 
red solution is obtained. 

m -Nitrobenzylmethylpiperidinium iodide crystallises from methyl 
or ethyl alcohol in very pale yellow needles which darken at 198° 
and melt at 204° (Found: I, 35*1%). It gives no coloration in 
boiling methyl-alcoholic potassium hydroxide, but when a methyl- 
alcoholic solution is added to acetone and solid potassium hydroxide 
an intense and characteristic violet colour is developed. 

p-N itrobenzylmethylpiperidinium iodide crystallises from water or 
methyl alcohol in large, well-developed, yellow prisms, and from 
ethyl alcohol in pale yellow needles, m. p. 188° (decomp.) (Found : 
I, 34*9%). This salt develops a reddish-brown coloration in boiling 
methyl-alcoholic potassium hydroxide, and a dull mauve-red one 
when a methyl-alcoholic solution is added to acetone and solid 
potassium hydroxide. 

These salts exhibit colour reactions under other conditions, but 
those recorded above were selected, after numerous trials, for the 
purpose of assisting in the identification of specimens. It will bq 
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observed that under one set of conditions the m-isomeride gives no 
reaction whereas the o- and p-isomerides develop colorations; under 
the other set of conditions the m-isomeride gives the most charac¬ 
teristic reaction. 

Nitration of Be?izylpyridinium Perchlorate .—Aqueous perchloric 
acid was added to a solution of benzylpyridinium chloride; the 
precipitated oil crystallised in contact with ice-water. The dry 
salt (20 g.) was added during 45 minutes to nitric acid (100 c.c.; 
d 1-5) at 0°; the mixture was kept at this temperature for 1 hour 
and then allowed to warm to the temperature of the room during 
1*5 hours. The solution was diluted, the greater part of the nitric 
acid distilled under diminished pressure, an excess of perchloric 
acid (d 1*12) added, and the mixture kept in the ice-chest for 24 
hours; the precipitated perchlorates were then collected, washed, 
and dried (A) (20*5 g.) (Found: C, 45*8; H, 3*6. C^H^O^O 
requires 0, 45*9; H, 3*5%). In another experiment, the nitric acid 
was not removed and the crystallisation of the perchlorates was 
carried out fractionally, crops of approximately 12 g., 5 g., and 3 g. 
being obtained. On recrystallisation, the first fraction gave pure 
m-nitrobenzylpyridinium perchlorate, but the separation could not 
be carried out in a quantitative manner. Oxidation of the crude 
nitration product with potassium permanganate gave m- and 
p-nitrobenzoic acids, which were separated and identified; the 
yields, however, were not satisfactory. It was found possible to 
apply Francis and Hill’s bromination method to this case, because 
the nitrobenzylpyridinium perchlorates may be quantitatively 
reduced to aminobenzylpyridinium chlorides by means of titanous 
chloride. This is not effected, however, under the ordinary 
conditions and the following experiment indicates the modifications 
required. A solution of p-nitrobenzylpyridinium perchlorate 
(0*1000 g.) in 50% sulphuric acid (25 c.c.) and water (150 c.c.) was 
boiled with titanous chloride for 20 minutes'with the usual pre¬ 
cautions, care being taken to avoid undue concentration (Found: 
. titanous chloride solution used, 37*2 c.c. Calc, for complete 
reduction, 37*3 c.c.). Applying this method of reduction to the 
product (A), followed by bromination in the usual manner, we 
found meta, 64, 69, 69%. A mixture of m-nitrobenzylpyridinium 
perchlorate (70%) and p-nitrobenzylpyridinium perchlorate (30%) 
was similarly analysed (Found : meta, 69, 71%). 

The isomeric nitrobenzylpyridinium perchlorates were prepared 
by addition of perchloric acid to solutions of the corresponding 
chlorides or bromides. 

o ‘Nitrobenzylpyridinium perchlorate crystallises from alcohol in 
colourless, elongated, rhombic prisms, m. p. 155—156° (Found; C, 
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46*1; H, 3*5. C 12 H n 0 6 N 2 Cl requires C, 45-9; H, 3-5%). The 
action of boiling aqueous sodium hydroxide on this salt causes a 
decomposition, one of the products of which is o-nitrotoluene. 

m-Nitrobenzylpyridinium perchlorate crystallises from alcohol in 
colourless, prismatic needles, m. p. 176—177° (Found: C, 46-0; 
H, 3-6%). 

p-Nitrobenzylpyridinium perchlorate crystallises from alcohol in 
colourless, elongated laminae, m. p. 181—182° (Found : C, 46*0; 
H, 3-6%). The long, flat plates have jagged edges and well-formed 
pointed or square-cut ends and exhibit a strong twinning tendency. 
On boiling with sodium hydroxide solution, p-nitrotoluene is 
produced. 

1 - $-Phenylethylpiperidine .—The preparation of 1-wbutoxy- 
methylpiperidine (McLeod and G. M. Robinson, J., 1921,119, 1474) 
is conveniently carried out on a moderately large scale. A mixture 
of piperidine (400 g.) and isobutyl alcohol (400 g.) was added to 40% 
aqueous formaldehyde solution (400 g.) with cooling in running 
water; the mixture was saturated with potassium carbonate and 
kept over-night and the oil was then dried with fresh potassium 
carbonate. On distillation, 665 g., b. p. 200—210°, were obtained 
(yield, 83%). The considerations dictating the use of isobutyl 
alcohol are that the higher alcohols give the better yields, and that 
some decomposition occurs in the distillation of 1-n-butoxymethyl- 
piperidine under ordinary pressure. isoButoxymethylpiperidine 
(120 g.) was slowly added to an ethereal solution of magnesium benzyl 
chloride (from 100 g. of benzyl chloride, 20 g. of magnesium, and 
about 1500 c.c. of ether), a violent reaction ensuing after each 
addition. Water was then cautiously introduced with shaking 
until a clear ethereal layer could be decanted from the magnesia 
sludge; the latter was washed with fresh ether. The base was 
extracted from the ethereal solution by successive small volumes of 
dilute hydrochloric acid, and any unchanged ^sobutoxymethyl- 
piperidine decomposed by heating the acid solutions for 15 minutes 
on the steam-bath. The base was then set free by means of sodium 
hydroxide, separated, dried with sodium hydroxide, and distilled. 
105 G., b, p. 162°/35 mm., of a colourless oil were obtained (yield, 
80% calculated on the wbutoxymethylpiperidine) (Found: equiv., 
189*3. Calc., 189*2). The b. p. /760 mm. was 262—264° with some 
decomposition. The picrate crystallised from alcohol in perfectly 
straight, canary-yellow needles, m. p. 144—145° (Found : N, 13*4, 
Ci 9 H 22 0 6 ]Sr 4 requires N, 13*4%). The length of the individual 
crystals seems to be limited only by the shape of the container and 
the volume of the solution; those which we obtained were about 
8—10 cm. long. ^ v 
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On nitrating the base under the conditions used for benzyl- 
piperidine, and assuming the stoicheiometric relation for the 
bromination of the m- and p - amino - deriv atives, we found : 
nitration, 98%; meta, 20, 22*7, 24%. 

1 - y - Phenylpropylpiperidine , CH 2 Ph‘CH 2 *CH 2 *N![CH 2 ] 5 .—The 
method described in the last section waS applied, the initial materials 
being phenylethyl bromide (98 g.), magnesium (12-5 g.) ? and iso - 
butoxymethylpiperidine (85 g.). 59 G. of a colourless oil, b. p. 
150°/15 mm., were obtained (yield, 58%) (Found : equiv., 202. 
Calc., 203). This base has b. p. 272—274°/760 mm. with decom¬ 
position. The picrate crystallises from alcohol in bright yellow 
tablets, m. p. 99—100° with slight previous softening (Found : 
N, 13-0. requires N, 13*0%). 

In this case, nitration with nitric acid (d 1*5) causing some 
dinitration, the standard conditions were employed with nitric acid 
having d 1*465 (Found : nitration, 99%; meta, 5, 6, 8%). 

We desire to thank the Department of Scientific and Industrial 
Research for grants which have enabled one of us to take part in the 
investigation. 

The University, Manchester. [ Received , September 2nd, 1972.] 


CCCLXX .—The Orienting Influence of Free' and 
Bound Ionic Charges on Attached Simple or Con¬ 
jugated Unsaturated Systems . Part III . The 

Nitration of m-Nitrophenylbenzylsulphone. 

By Bibhtjcharan Chatterjee and Robert Robinson. 

The hypothesis (Allan, Oxford, Robinson, and Smith, J., 1926, 
401) that the positive charge of the dipole in the intro-group of 
phenylnitromethane is the cause of the ^-substitution observed 
by Holleman, and the related wider theory, can be tested experi¬ 
mentally in many directions, the most obvious of which is the 
study of the orienting influence in aromatic substitution of polar 
and dipolar groups situated at various distances from the nucleus. 
This field of systematic work is too large to be covered by any 
one group of investigators, but the exploitation of it by Ingold 
and his co-workers has involved some duplication of research, 
particularly in connexion with the nitration of phenylethyl- 
aioine derivatives and of substances of the forms Ph*C0*R and 
Ph*CH 2 *S0 2 R. Some preliminary experiments in the latter group 
are described in this and the following communication. 
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The interest of the toluene-a-sulphonyl compounds resides in 
their theoretical analogy with the phenylnitromethanes, the double 

+ 4 ^ *f- — 

dipole -S0 2 being compared with the single dipole -N0 2 , and in 
the fact that the effect of varying the group R can be observed. We 
selected the case of m-nitrophenylbenzylsulphone because we 
thought that the group -C 6 H 4 *N0 2 (m-) should be almost neutral 
and the results could therefore be ascribed to the influence of the 
sulphone group. The proportions of the o-, m-, and p-isomerides 
formed on nitration, estimated by colorimetric methods which are 
fully described in the experimental section, were approximately 
25, 28, and 47%, respectively. The double semi-polar double 
bond of the sulphone group has thus a smaller m-orienting effect 
than the single semi-polar double bond of the nitro-group. This 
constitutes a definite argument against the view that the charges 
in the semi-polar double bonds are integral and effective as such. 

As Bom (compare Ann. Reports, 1926, 261) has shown, kations 
and anions are distorted and polarised in the neighbourhood of 
each other, and if this is true of the components of a molecule of 
sodium chloride, how much more must it be true of the bound ions 
in a semi-polar double bond. In fact, the intensity of the external 
fields may be chiefly governed by this atomic polarisation. On 
this basis, we may conclude that the kationic charge of the sulphur 
atom in the sulphone group is less effective than that of the nitrogen 
in the nitro-group and that this is due to the relatively greater 
degree of polarisation of the oxygen atoms in the sulphone; this 
again is clearly connected with the larger nuclear charge of the 
sulphur atom and the smaller electron density of its outer shell. 

Ingold, Ingold, and Shaw (this vol., p. 813) found that the 
nitration of benzylmethylsulphone gave about 30% of the m-nitro- 
isomeride, but these authors attributed the result (comparison 
with phenylnitromethane) to absorption of the effect of the ionic 
charge of sulphur in passing through the outer shells of the atom. 
This suggestion appears to be fallacious owing to the circumstance 
that in the calculation of the kationic charges, for example, + 1, 
+ 2, or + in various theories respecting sulphur compounds, 
the electrons of the outer shells are taken into account or assumed 
to be donated to other atoms. Probably the distance separating 
the centres of sulphur and carbon atoms in C—S is greater than 
that separating the centres of carbon and nitrogen atoms in C—N 
and this must reduce the effectiveness of equivalent charges in 
accordance with Coulomb’s Law; if the charges are not equivalent, 
the validity of this explanation is greatly impaired. 

Our view that the bound oxygen ions are polarised, thus reducing 


V 
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the net charge of the sulphur atom, is closely connected with the 
theory of electrostriction of sulphonium kations by free anions; 
it is, in fact, intramolecular electrostriction. It should be noted 
that this hypothesis emphasises the importance of the part played 
by the central atom and can be correlated experimentally with 
work on the distribution of electrons in crystals. The hypothesis 
is also connected with the strength of the sulphonic acids, for it is 
surely the polarisation of the oxygen atoms in the E*SO s ion that 
loosens the grip of their electrons on the proton (alternatively, 
increases the repulsion of the proton by the oxygen nucleus). 

Experimental. 

m -Nitrophenylbenzylsulphone, N0 2 *C 6 H 4 *S0 2 *CH 2 Ph.—A mixture 
of sodium m-nitrobenzenesulphinate (20 g.), benzyl chloride (15 g.), 
and 95% alcohol (60 c.c.) was refluxed for 4 hours, and the product 
(18 g.) precipitated by the addition of water. The sulphone 
crystallised from alcohol in very pale yellow needles, m. p. 151— 
152° (Pound: C, 56-8; H, 4-5; N, 5*2. C 13 H 13L 0 4 NS requires 

C, 56*3; H, 4-0; N, 5-1%). 

m-Nitrophenyl-o-niirobenzylsulphone was similarly prepared from 
o-nitrobenzyl chloride (8 g.), the yield being 14-7 g. It crystallised 
from acetone in pale yellow plates, m. p. 192—193° (Found: C, 
48*6; H, 3*5; N, 9*0. C 13 H 10 O 6 N 2 S requires C, 48*5; H, 3*1; 
N,8-7%). 

m-Nitrophenyl-m-niirobenzylsulphone crystallised from alcohol in 
almost colourless, microscopic cubes, m. p. 194—195° (Found : 
C, 48*5; H, 3*0; N, 8*5%). 

m-Nitrophenyl-p-nitrobenzyl$ulphone crystallised from acetone in 
very pale yellow needles, m. p. 180—181° (Found: C, 48*8; H, 
3*6; N, 9*0%). The three isomerides are very sparingly soluble 
in most organic solvents and although the o-isomeride is the most 
sparingly soluble in alcohol, neither this nor any other solubility 
property could be employed for their separation. 

Nitration of m-Nitropkenylbenzylsulphone .—The finely powdered 
substance (5*00 g.) was gradually added during 15 minutes to 
nitric acid (40 c.c.; d 1*5) kept at — 5° to 0°. Each addition 
produced a brownish-red, evanescent coloration. After 1 hour, 
the mixture was allowed to reach the room temperature and the 
product was precipitated by water after 3 hours. It was ground 
under water, washed, and dried (5*63 g. or 97%). In a second 
similar experiment the yield was 98*5% (Found: C, 48*6; H, 
3’4%) ; 

Various attempts to fractionally crystallise this material were 
made, but no suitable solvent could be found, and after experi- 
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menting with oxidation methods, -which also we were compelled 
to abandon on account of the sparing solubility of the isomerides, 
we adopted the following colorimetric method. The p-isomeride 
gives a carmine coloration in alcoholic solution on the addition 
of 10% aqueous sodium hydroxide, whereas the o- and m-isomerides 
give no coloration under these conditions. In dilute solutions, the 
intensity of this colour was roughly proportional to the concentration 
of the jp-isomeride and it was not affected by the presence of the 
o- or m-isomeride. A Zeiss “ Stufenphotometer ” was employed 
for the measurements and all the comparisons were direct, and 
not through a standard. The liquids were mixed in the adjustable 
vessels so that the colours could be compared as quickly as possible, 
and stirring was necessary before the caps were screwed on. Re¬ 
markably consistent results were obtained. Solutions of the 
nitration product (0*1987 g.), the o-isomeride (0*2018 g.), the 
m-isomeride (0*2098 g.), and the p-isomeride (0*2023 g.) in absolute 
alcohol (1000 c.c. each) were prepared. Taking 10 c.c. of the 
standard solution and adding 2 c.c. of 10% aqueous sodium hydr¬ 
oxide, it was found that the solution of the ^-isomeride was roughly 
twice as concentrated (in p-isomeride) as the solution of the nitration 
product, columns of 5*35, 6*0, and 6*9 mm. balancing columns of 
10*7, 11*9, and 13*8 mm., respectively. A closer comparison was 
then made by diluting the solution of the ^-isomeride with an 
equal volume of alcohol and producing the colour as before; the 
solution of the ^-isomeride was distinctly the stronger, the measure¬ 
ment indicating that the nitration product contained 47% of the 
^-isomeride. A mixture of the solution of the p-isomeride (45 c.c.) 
and alcohol (55 c.c.) gave a perceptibly weaker colour than the 
solution of the nitration product, the measurement again indicating 
that the nitration product contained 47% of the 'p-isomeride. 
The experiment was twice repeated with exactly the same results, 
so that the determination of the proportion of the p-isomeride in 
the mixture was considered to be sufficiently accurate to be employed 
in further work. 

The estimation of the proportions of the o- and m-isomerides was 
much more difficult and the method was not capable of very great 
accuracy; the experiments were, however, frequently repeated 
and it is hoped that the results are not seriously in error. The 
o-isomeride gives an intense violet coloration with strong alkalis 
in alcoholic acetone (or pure acetone) solution, whereas the m-isomer- 
ide gives no immediate coloration. The following solutions were 
employed: (1) o-isomeride (5 c.c.), p-isomeride (20 c.c.), alcohol 
(17*5 c.c.); (2) o-isomeride (10 c.c.),p-isomeride (20 c.c.), alcohol 
(12*5 c.c.); (3) o-isomeride (15 c.c.), p-isomeride (20 c.c*)» alcohol 
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(7*5 c.c.); (4) o-isomeride (20 c.c.), p-isomeride (20 c.c.), alcohol 
(2*5 c.c.); (5) nitration product (42*5 c.c.). Sodium ethoxide 

solution (10 c.c.) (from 10 g. of sodium in 250 c.c. of alcohol) and 
then pure acetone (50 c.c.) wore added to each mixture. The 
colour developed by the nitration product was found to lie between 
those produced by solutions (2) and (3) and was much closer to that 
of (2). Experiments with solutions of compositions between those 
of (2) and (3) confirmed this and indicated that the nitration product 
contained 25—30% of the o-isomeride. The colour-tone match 
was not perfect, however, and it was then noticed that the m-isomer- 
ide slowly developed a brownish-red coloration in acetone solution 
in the presence of sodium ethoxide. A fresh series of solutions was 
therefore made up in which the pure alcohol was replaced by the 
appropriate volume of the m-isomeride solution; a colour-tone 
match was then obtained and the intensity showed that the pro¬ 
portion of the o-isomeride in the nitration product was 23 27%. 
This was confirmed by a direct estimation of the content of 
m-isomeride. 

The three isomerides develop colorations when solid potassium 
hydroxide is added to their cold solutions in acetone, but if, after 
a short time, water is added, the colorations due to the o- and 
p-isomerides are discharged and the m-isomeride gives a brownish- 
yellow solution. A series of mixtures was prepared as before 
from the standard alcoholic solutions and, after the alcohol had 
been removed, acetone (30 c.c.) and potassium hydroxide (2 cm. 
stick) were added. The mixture was stirred for 5 minutes, water 
(50 c.c.) was then added, and the colour compared with that obtained 
from the nitration product under identical conditions. The pro¬ 
portion of the m-isomeride in the nitration product was thus found 
to lie between 25 and 32%. A mixture of the o-isomeride (0*250 g.) s 
the m-isomeride (0*280 g.), and the p-isomeride (0*470 g.) was then 
made and its colour reactions were compared with those of the 
nitration product, the substances being weighed on a micro-balance, 
with the result that no difference could be detected. The mixture 
after fusion, resolidification, and grinding had m. p. 152—156° and 
the nitration product had m. p. 153—157°; a mixture of the two 
had m. p. 152—156°. 

The authors wish to express their indebtedness to the Chemical 
Society for a grant which defrayed a part of the cost of the 
investigation. 

The University, Manchester. 


[Received, September 9th, 1927.] 
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CCCLXXI .—The Orienting Influence of Free and 
Bound Ionic Charges on Attached Sim fie or Con¬ 
jugated Unsaturated Systems . Part IV. The 

Nitration of Toluene-oo-sulphonic Acid and of 
Toluene-co-sulphonyl Chloride . 

By Arthur C. Bottomley and Robert Robinson. 

The work of Vorlander (Ber., 1919, 52, 262) proved that an atom 
bearing a positive charge when directly attached to the aromatic 
nucleus has a powerful m-directive effect, and on the lines of electronic 
theories this may be interpreted as meaning that a group having a 
strong attraction for electrons has a m-directive effect. The 
discovery of the largely predominating me to-nitration of benzyl- 
trimethylammonium nitrate (Part I, J., 1926, 1655) justified this 
view in the most convincing manner. It may be fairly claimed 
that the connexion between polarity and orientation thus firmly 
established is less hypothetical in character than any other in 
organic chemistry. The proof that m-substitution in benzene 
derivatives is sometimes due to a general electrical effect of the 
first substituent suggests that m-direction may always be initiated 
in this way. 

Among m-directive groups the only one which seems to present 
difficulty from this point of view is the sulphonie acid group. At 
first sight it is hard to reconcile the net negative charge of the 
sulphonie ion with an assumed tendency to attract electrons. It 
must be remembered, however, that sulphuric acid is a powerful 

dibasic acid and therefore HS0 4 , which may be written HOS0 3 , 
is evidently able to donate a proton to acceptor molecules, and 

this means that the -S0 3 group, in spite of its charge, retains a 
high electron affinity. The phenomenon is doubtless connected 
with incomplete neutralisation of the charge of the sulphur atom 
by the distorted oxygen ions surrounding it (see the preceding 
communication) and with the partial neutralisation of the field 
of the oxygen ions by neighbouring kations and kationoid complexes. 

The possibility that the sulphonie acid group is m-directive for 
the same reason that the ammonium-salt group is m-directive 
would become a probability if it could be shown that the effect is 
produced when a saturated carbon atom separates the sulphur atom 
from the benzene nucleus; we accordingly studied the nitration of ; 
toluene-o-sulphonic acid. This substance is nitrated to a pre¬ 
dominating extent in the op-positions, but the proportion of the 
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m-nitro-isomeride produced is much greater than that obtained 
in the nitration of toluene. This result confirms the view that the 

sulphonic ion group, S0 3 , has a higher electron affinity than has a 
hydrogen atom, and we may confidently attribute the m-substi- 
tution of benzenesulphonic acid to the occurrence of the condition 

Ph ^S0 3 . (a) (b) 

Toluene-ca-sulphonyl chloride, Ph—>CH 2 —>S0 2 —>C1, may be 
regarded as a sulphone in which the normal displacement (a) is 
reinforced by that (b) due to the chlorine atom. In harmony with 
our theory, the percentage of the m-isomeride formed in the nitration 
of this substance is much greater than that formed in the nitration 
of toluene-to-sulphonic acid and considerably greater than that 
formed in the nitration of benzyl-m-nitrophenylsulphone. 

The publication of Ingold, Ingold, and Shaw (this vol., p. 813), 
dealing with the nitration of substances of the form CH 2 Ph*S0 2 E/, 
appeared when our work was at a stage where the determinations 
of the proportion of m-isomeride formed in the nitrations had been 
completed. In view of it, the experimental section of this com¬ 
munication has been curtailed so that all repetition of description 
has been avoided. We carried out, for example, identifications of 
the products as nitrotoluene-co-sulphonamides (compare Mohr, 
Annalen , 1883, 221, 218; Purgotti and Monti, Gazzetta, 1900, 30, 
ii, 254) and no further reference to this part of our work is deemed 
necessary. 

Experimental. 

Method of Estimation of the Proportion of m -Isomeride formed in 
ike Nitrations .—Francis and Hill’s method of bromination after 
reduction of the nitro-compounds with titanous chloride (J. Amer. 
Ghem: 8oc. } 1924, 46, 2498) has been found to be applicable to the 
sodium nitrotoluene- co-sulphonates. Small corrections were applied 
for the deviations from the stoicheiometrie relations found for 
sodium o-, m-, and p-nitrotoluene-o-sulphonates. 

Sodium o-nitrotoluene-co-sulphonate was crystallised from semi- 
saturated brine and dried at 100—120° (Found: NaCl, 20*3; 
sodium nitrotoluenesulphonate estimated by titanous chloride, 
79*4%). On reduction and bromination, the deviation from the 
theoretical value (in the volume of potassium bromate solution 
required for bromination) was — 0*4%. Sodium m-nitrotoluene- 
co-sulphonate was crystallised from semi-saturated brine and dried 
at 130—140° (Found : NaCl, 7*1; sodium nitrotoluenesulphonate, 
92*4%; deviation from theory on reduction and bromination, 
+ 0*9%). The o-isomeride loses 1H 2 0 at 100°, but the m* and 
p-isomerides retain their water of crystallisation below 125°. Sodium 
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^-nitrotohiene- Q-sulphonate was crystallised from brine and dried 
at 140° (Found: NaCl, 1*9; sodium nitrotoluenesulphonate, 
96*6%; deviation from theory on reduction and bromination, 

+ M%)- 

Some diffi culty was experienced in obtaining satisfactory end¬ 
points in the final titrations with sodium thiosulphate, and this 
was overcome by using not too large an excess of bromine and by 
neutralising part of the acid after the liberation of iodine. 

Nitration of Sodium Toluene-u-sulphonate. —Sodium toluene- 
o-sulphonate crystallised from 95% alcohol in lustrous leaflets, and 
the specimens employed were anhydrous and free from sodium 
chloride. 

In a preliminary experiment, 20 g. of the salt were nitrated and 
16*5 g. of washed sodium nitrotoluenesulphonates (dried at 100°) 
were obtained (Found : loss at 140° or H 2 0, 6*0; NaCl, 8*6; sodium 
nitrotoluenesulphonates, 85*3%; meta , 20*2, 19*8, 18*5, 19*4%). 
The true yield was 57*6% and therefore the minimum value for 
the proportion of m-isomeride formed is 11—12%. 

In attempts to improve the yield products were obtained con¬ 
taining sodium nitrate, which interfered seriously with the deter¬ 
minations. In subsequent experiments, the absence of nitrates 
was always confirmed. 

Ultimately, the following nitration conditions were adopted: 
Sodium toluene-o-sulphonate (10 g.) was added during 30 minutes 
to nitric acid (15 c.c.; d 1*5) at 0°, a further quantity of the acid 
(5 c.c.) being used to wash the sides of the container. Three hours 
from the commencement the ice-bath was removed and 1 hour 
later the solution was mixed with water (120 c.c.) and neutralised 
by means of sodium carbonate (20 g.), and after the addition of 
sodium chloride (30 g.) the liquid was heated until a clear solution 
resulted. The cooled liquid was kept at 0° for 3 hours and the 
separated solid was then washed twice with 15% brine (10 c.c.) 
and dried at 100° (Specimen A, 12*8 g.) (Found : H s O, 4*9; NaCl, 
10*0; sodium nitrotoluenesulphonate, 84*8%; meta , 11*7, 11*0, 
10*6, 10*3, 9*6, 9*6%). The yield of sodium nitrotoluene-co-sulpho-' 
nates was therefore 88% and the minimum value for the proportion 
of m-isomeride formed is 9*2% (maximum, 21*2%). Another 
specimen (B) was prepared in the same manner (purity, 82%; true 
yield, 88%). 

Nitration of Toluene-o-sulphonic Acid. —The free acid (9 g.), 
prepared by Bohler’s method {Annalen, 1870,154, 50), was treated 
exactly as described above for its sodium salt. The isolated, 
washed, and dried solids amounted to only 8*0 g. A further amount 
of sodium chloride (20 g.) was therefore added and 6*0 g. of the 
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mixed salts were obtained. The products were free from nitrates 
and were mixed (Found: H 2 0, 3*3; NaCl, 39*9; sodium nitro¬ 
toluenesulphonates, 56*8%; meta, 14*2, 13*7, 14*2%). Here the 
true yield was 63*6% and the minimum value for the proportion 
of m-isomeride is 8*9%. We are unable to account for the variations 
in yield which were observed, but since the actual amount of the 
m-isomeride obtained was as great in this experiment (yield, 64%) 
as in the one previously described (yield, 88%), we may conclude 
that the proportion formed is greater in the nitration of the acid 
than in that of the salt. The point is not raised in the introduction, 
because it is hoped to follow up this indication by fresh experiments 
before the interesting theoretical implications are discussed. 

Nitration of Toluene-co-sulphonyl Chloride .—Toluene - a - sulphonyl 
chloride (10 g.) was added during 30 minutes to nitric acid (15 c.c.; 
d 1*5) at 0°, a further amount of nitric acid (5 c.c.) being employed 
to wash the sides of the container. After 3 hours, the ice-bath 
was removed and 1 hour later the product was precipitated by 
water, collected, and boiled with a solution of sodium carbonate 
(11 g.) in water (100 c.c.) until no oil remained (about 1 hour). 
The liquid was filtered hot, sodium chloride (20 g.) introduced, 
and the mixture kept at 0° for 3 hours; the separated solid was 
then collected, washed twice with 15% brine (10 c.c.) at 0°, and 
dried at 100° (yield, 10*2 g.) (Found : H s O, 5*7; NaCl, 12*3; sodium 
nitrotoluenesulphonates, 77*6%; meta, 44%). The yield was 63% 
and the m in i mu m value for the proportion of m-isomeride formed 
is 28%. The specimen contained carbonate, and this probably 
accounts for the fact that the water, sodium chloride, and nitro¬ 
compounds determined totalled only 95*6%. Another nitration 
was carried out in exactly the same manner, but the alkaline 
solution was neutralised with hydrochloric acid and the sodium 
nitrotoluenesulphonates were salted out in two crops (mixed, 
1^*7 g.) (Specimen C) by means of sodium chloride (total, 50 g.) 
(Found : H 2 0, 3*8; NaCl, 40*2; sodium nitrotoluenesulphonates, 
55*8%; meta , 56, 54, 56, 56%). The true yield was 70*5% and 
the mi nim um value for the proportion of m-isomeride formed is 
39% (maximum, 67*5%). 

Comparison of these experiments shows that more efficient 
salting out increases the percentage of the m-isomeride in the 
product, and hence the true value for the m-isomeride content 
should be considerably greater than the minimum; it must also, 
of course, be much less than the maximum. 

Estimation of the Proportions of the p -Iscmeride in Specimens 
A s B, and C. On heating at 100° with concentrated aqueous 
potassium hydroxide, the o- and m-nitrotoluene- co-sulphonates 
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develop no coloration, whereas the ^-isomeride gives a yellowish- 
orange solution. Attempts to apply this reaction in a colorimetric 
method gave unintelligible results until it was found that the 
colour produced by the p-isomeride is more intense in the presence 
of the o-isomeride and still more intense in the presence of the 
ra-isomeride. The o- and m-isomerides give no coloration when 
mixed and heated with aqueous potassium hydroxide. 

Solutions were made up to contain 1-0% of the pure o-, m- 3 and 
'p-isomerides and of the nitro-compounds in specimens A, B, and C. 
10 C.c. of one of these solutions or of a mixture of them were mixed 
with 25 c.c of a solution of potassium hydroxide (100 g.) in water 
(100 c.c.) and heated in a bath of boiling water for about 2 hours. 
All the comparisons were direct under identical conditions, and 
in addition to the determination of the intensity of the colour the 
rapidity of its appearance afforded valuable guidance. In making 
up the standards, the ascertained percentage of the m-isomeride 
in the specimen to be tested was introduced and kept constant, 
the proportions of the p- and o-isomerides being varied. 

In the case of specimen C, the colour was practically identical 
with that of a standard made from 5*5 c.c. of the m-isomeride 
solution and 4*5 c.c. of the ^-isomeride solution and was distinctly 
stronger than that obtained from the standard—m-, 5*5; p-, 4*0; 
o-, 0*5 c.c. The colours were estimated after dilution of the solu¬ 
tions to 40 c.c. by means of the Zeiss “ Stufenphotometer.” The 
specimen C, obtained in 70*5% yield from the nitration of toluene- 
co-sulphonyl chloride, does not, therefore, contain an appreciable 
amount (<5%) of the o-isomeride. 

No difference could be detected in the behaviour of the speci¬ 
mens A and B when a direct comparison was made; most of the 
experiments were therefore made with B, because a larger quantity 
of this specimen was available. A series of comparisons with 
standards showed that the colour derived from B was more intense 
than that from the standard—m-, 1*0; p -, 4*5; o-, 4*5 c.c., and 
less intense than that from the standard—m-, 1*0; p-, 5*0; o- 
4*0 c.c. 

The actual intensity measurements of these and four other 
standards compared with the solution from B were used to con¬ 
struct a graph, by means of which the solution exactly equivalent 
to the B solution was found to be—m-, 1*0; p- 3 4*8; o-, 4*2 c.c. 
This was experimentally confirmed with solutions made up from 
quantities weighed on a micro-balance. 

A specimen was made by admixture of the o-, m-, and ^-isomer- 
ides and sodium chloride that contained 82% of the pure sodium 
nitrotoluene- u-sulphonates (m-, 10; o-, 40; p- 50%) and was found 
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in numerous quantitative trials under different conditions to 
resemble B closely in behaviour. The colours were developed a 
very little the more rapidly with the artificial mixture. Finally, 
the specimen A was reproduced on the same basis and with the 
same results. 

The colour reactions observed with alkaline solutions also 
guarantee the absence of sodium dinitrotoluene-co-sulphonates. A 
specimen of the latter (probably the 2:4-dinitro-derivative) was 
prepared by nitration of sodium o-nitrotoluene-co-sulphonate with 
a hot mixture of sulphuric and nitric acids. The sodium salt 
crystallised in colourless leaflets and developed a green colour with 
cold, dilute aqueous sodium hydroxide; on heating, an intense 
bluish-green solution was obtained. 

The authors wish to thank the Advisory Council of the Depart¬ 
ment of Scientific and Industrial Research for a grant that enabled 
one of them to take part in the investigation. 

The University, Manchester. [Received, September 12th, 1927.] 


CCCLXXII .—A New Synthesis of Hydrastic Acid. 

By Thomas Stevens Stevens and Mary Carrick 
Robertson. 

In the course of recent synthetic work, the lactone (I) was obtained 
by the action of formaldehyde on homopiperonylic acid, and its 
structure confirmed by oxidising it to 4:5-methylenedioxyhomo- 
phthalic acid (Stevens, this vol., p. 178). It was further considered 
desirable to attempt the conversion of (I) into hydrastic acid, both 
on account of the interest attaching to a synthesis of that important 
substance, and also because the homophthalic acid is not readily 
characterised. 



The compound (I) was condensed with benzaldehyde in presence 
of piperidine to form the lactone (II) of a- -hydroxymetliylpiperonyl)- 
cinnamic acid . Oxidation with neutral permanganate converted 
this into 4: 5-meihylenedioxyphthalide (III), which was further 
oxidised in alkaline solution to hydrastic acid (IV). The substances 
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(III) and (IV) are clearly the “ methylenedioxy-analogues ” of 
m-meconin and m-hemipinie acid, and it was hoped that it would 


(III.) 



co 2 h 



(IV.) 


be possible to complete the series by oxidising (III) to the aldehydo- 
acid (V), analogous to ra-opianic acid, but this could not be 
accomplished. 


0 , 


(V.) CH 2 <q( 



co 2 h 




CH 2 <g( 


!H0 



C0 2 H 




(VI.) 


GHo-OH 


The hydroxy-acid derived from the lactone (I) lactonises spon¬ 
taneously when liberated from its salts, whereas that derived 
from (III), like many derivatives of o-hydroxymethylbenzoic acid, 
is comparatively stable. This greater stability of the y-hydroxy- 
acids relatively to the 8-, as compared with the opposite behaviour 
of simple aliphatic compounds, is significant in view of von Braun’s 
suggestion that in the formation of cyclic structures two carbon 
atoms of a benzene ring are sterieally more nearly equivalent to 
one methylene group than to two ( Ber 1925, 58, 2765; 1927, 60, 
1257). On the other hand, 6-g-hydroxyethylpiperonylic acid (VI) 
(Perkin, J,, 1890, 57, 1020) and p-o-hydroxyphenylpropionic acid 
are fairly stable. The relative stabilities of these three 8-hydroxy- 
acids are in striking contrast to those of the 8-amino-acids pre¬ 
pared by von Braun and Beich (.Annalen, 1925, 445, 225), who 
observed that the lactam of o-aminomethylphenylacetic acid, 
analogous to (I), was less readily formed than those of the isomeric 
P-o-aminophenylpropionic and o-p-aminoethylbenzoic acids. 


Experimental. 

u-(§-Hydroxymethylpiperonyl)cinnamolactone (II).—The lactone 
(I) (10 g.) is dissolved in hot benzaldehyde (15 c.c.), piperidine 
(8—10 drops) added, and the mixture heated at 120° for 2 hours. 
The melt is dissolved in boiling acetic acid, and the solid (12 g.), 
which separates on cooling, recrystallised from alcohol or acetic 
acid. It forms pale yellow needles, m. p. 190—192°, fairly soluble 
in hot acetic acid and sparingly soluble in alcohol, and gives an 
intensely orange solution in concentrated sulphuric acid (Pound: 
C, 72*9; H, 4-3. C 17 H 12 0 4 requires C, 72-9; H, 4-3%). It dis- 
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solves slowly in boiling aqueous alkali to a colourless solution: 
on acidification a colourless acid separates, which passes back into 
the lactone on being heated with dilute acids. 

4: 5-Mdhylenedioxyphthalide (III).—A solution of the lactone 
(II) (10 g.) in warm acetone (230—300 c.c.) is cooled (any crystallis¬ 
ation being disregarded), and stirred during the gradual addition 
of potassium permanganate (13 g.) and magnesium sulphate (13 g.) 
in warm concentrated aqueous solution. The mixture is boiled 
and filtered; much of the product then separates on cooling, and 
more may be obtained from the manganese sludge (5 g. in all). 
Methylenedioxyphthalide is soluble in about 100 parts of boiling 
water, and crystallises in white needles, m. p. 188—189°, which 
sublime readily without decomposition at about 150—160°. The 
sublimate consists principally of stout, short prisms which show 
the same m. p. as the original material and are reconverted into 
the needles on crystallisation from water (Found : C, 60-6; H, 3-7. 
C 9 H 6 0 4 requires 0, 60-6; H, 34%). Attempts to oxidise the 
substance to the aldehydo-acid (V) with manganese or lead dioxide 
and sulphuric or acetic acid, or with chromic anhydride in acetic 
anhydride, were not successful. 

6 -Hydroxymethylpiperonylic Acid .—The phthalide (III) is not 
attacked by cold carbonates, but rapidly dissolves in hot sodium 
hydroxide solution, and the hydroxy-acid is precipitated in minute 
crystals when the cold solution is acidified. It melts indefinitely 
at about 140—150°, quickly resolidifies, and then melts at the 
m. p. of the lactone (Found : if, by titration, 193. C 9 H g 0 5 requires 
if, 196). The acid is readily soluble in hot water and crystallises 
unchanged on rapid cooling; boiling dilute mineral acids reconvert 
it at once into the lactone. The silver salt forms colourless, micro¬ 
scopic prisms which are sparingly soluble in boiling water (Found : 
Ag, 35-8. C 9 H,0 6 Ag requires Ag, 35-6%). 

Bydrastic Acid (IV).—The phthalide (III) was dissolved in dilute 
alkali solution and oxidised in the cold with a moderate excess of 
aqueous potassium permanganate. On acidification of the filtrate 
from the manganese dioxide, hydrastic acid, m. p. 175° (decomp.), 
crystallised in a yield of more than 50% of the theoretical. It was 
characterised by conversion into the methylimide, m. p. 228°, 
and by analysis of the silver salt (Found: Ag, 51-0. Calc., Ag, 
50-9%). 

University or Glasgow. [Received, September 1 5th, 1927 .] 
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CCCLXXIIX .—The Action of Tolylhydrazines upon 
Dihydroxytartaric Acid . 

By Frederick Daniel Chattaway and William Gerald 
Humphrey. 

Although the osazones of dihydroxytartaric acid have been 
thoroughly investigated, its monohydrazones have never been 
prepared in a pure condition. Gnehm and Benda ( Annalen , 1897, 
299, 100) showed that the action of p-nitrophenylhydrazine upon 
excess of dihydroxytartaric acid yielded the pure osazone with no 
trace of a monohydrazone, whilst phenylhydrazine gave a mixture 
of the monohydrazone and osazone, which they did not separate 
into the two constituents. The action of halogen-substituted 
phenylhydrazines results in the formation of similar mixtures (this 
vol., p. 1323). 

The action of o- and p-tolylhydrazines upon dihydroxytartaric 
acid differs from that of other hydrazines in that pure monohydr¬ 
azones are readily obtained. These are well-crystallised, yellow 
solids, which, like the corresponding osazones, are converted into 
deep red acid anhydrides on heating with acetic anhydride. On 
crystallising these anhydrides from dilute acetic acid, the original 
hydrazones are re-formed; similarly, on crystallising the anhydrides 
from anhydrous alcohol, half-esters are formed. The second 
carboxyl group undergoes esterification only with difficulty, requir¬ 
ing prolonged boiling with alcohol containing hydrogen chloride; 
the diethyl ester thus formed may also be obtained by coupling 
diazotised toluidine with the potassium derivative of ethyl oxal- 
acetate. 

The most important property of the osazones of dihydroxy¬ 
tartaric acid is the ease with which they lose a molecule of water 
to give pyrazoline derivatives. This property is completely absent 
from the monohydrazones, and all attempts to cause pyrazoline 
ring formation have been unsuccessful. 

The o- and p-tolylosazones of dihydroxytartaric acid behave in 
the normal manner. They are sparingly soluble substances which 
cannot be crystallised unchanged from any solvent. They are 
converted into deep red anhydrides by heating with acetic anhydride, 
and into hydrazones of diketopyrazolinecarboxylic acids by crystal¬ 
lisation from acetic acid or by acidification of their sodium salts. 
In the former reaction, varying amounts of the isomeric anhydrides 
are simultaneously produced. These pyrazoline derivatives undergo 
esterification with difficulty and their esters are more easily obtained 
from the corresponding osazone. 
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The following scheme represents the reactions, X denoting the 
tolyl group : 



NHa’NHX 


Dil. 

HAc 


^co*9:n*nhx 

0< 'CO-CO (II.) 


EtOH 


co 2 h 

c:n-nhx 

CIN-NHX 
C0 2 H (V.) 


AcjO 


(VI.) 


co-9:n-nhx 

°^co-c:n-nhx. 


9o 2 h 

9=N. 



p-co 

N-NHX 

Saponific¬ 
ation 


>xx 

(VII.) 


EtOH -f HOI 
- > 


EtOH 
H- HOI 


90 2 Et 

9 =n >nx 

9r co 

N-NHX (VIII.) 


?O a H 
i))N-NHX 

30 2 Et (in.) 


90 2 Et 

EtOH+HCl 9-N-NHX 

- * 00 

COoEt (IV.) 


JOJ a Cl 


90 2 Et 

9HK 

90 

CO,Et 


Experimental. 

Dilcetosuccinic acid o-tolylhydrazone (I) was prepared by adding 
a solution of 26 g. of sodium dihydroxytartrate (1 mol.) in 180 c.e. 
of moderately concentrated hydrochloric acid (1:1) to a solution 
of 16 g. of o-tolylhydrazine hydrochloride (1 mol.) in 1000 c.c. of 
very dilute hydrochloric acid (1 :100). The hydrazone separated 
slowly as a deep yellow, crystalline powder, which was filtered off 
after 3—4 hours and crystallised from 75% acetic acid, in which 
it was moderately easily soluble and from which it separated in 
yellow, elongated, flat prisms, m. p. 192° (decomp.) (Found: N, 
11-2. C n H 10 O 5 N 2 requires N, 11*2%). 

This hydrazone shows no tendency to lose water to form a pyr- 
azoline derivative. It dissolves readily in hot sodium hydroxide 
solution and is reprecipitated on acidification. On boiling with 
acetic acid, partial conversion into the anhydride occurs, whilst 
boiling with alcohol containing hydrogen chloride causes esterific¬ 
ation only. 

Anhydrodiketosuccinic Acid o-Tolylhydrazone (II).—The hydrazone 
(I) was added to boiling acetic anhydride until no more would dis¬ 
solve. A clear, deep red solution was thus obtained which on 
cooling deposited the anhydride in long, red, glistening prisms, 
m, p. 208° (deeomp.) (Found : N, 12*2. C n H 8 0 4 N 2 requires N, 
12 * 1 %). 

Ethyl Hydrogen Diketosuccinate o-Tolylhydrazone (III).—The 
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above anhydride was boiled with anhydrous alcohol and the yellow 
solution thus obtained, on cooling, deposited the half-ester in yellow, 
irregular, thin plates, m. p. 115° (Found: N, 9*9. C 13 H 14 0 5 N 2 
requires 1ST, 10*1%). 

The half-ester may also be prepared by boiling the hydrazone (I) 
with alcohol containing 5% of dry hydrogen chloride for \ hour. 

A definite formula cannot be assigned to this ester, as there is 
nothing to indicate which of the two carboxyl groups is esterified. 
The product appears not to be a mixture; its melting point is not 
changed by recrystallisation, and the fact that the second group 
can be esterified only with great difficulty points to a particular 
one being concerned in the first reaction. 

Ethyl Diketomccinate o *Tolylhydrazone (IV).—Although one 
carboxyl group of diketosuccinic acid o -tolylhydrazone is readily 
esterified, the diethyl ester was formed only by boiling the half¬ 
ester for 12 hours with alcohol saturated with dry hydrogen chloride. 
A certain amount of decomposition and tar formation occurred, 
and a dark brown solution was obtained, which on cooling deposited 
the diethyl ester in bright yellow, hexagonal plates or flattened 
prisms, m. p. 90° (Found : N, 9*1. C 15 H 18 0 5 ]Si 2 requires N, 9-15%). 

The same ester was prepared by adding slowly a cold aqueous 
solution of o-toluenediazonium chloride (1 mol.) to an aqueous 
solution of the potassium derivative of ethyl oxalacetate (1 mol.), 
cooled in a freezing mixture. A sticky, red mass separated, from 
which, by crystallisation from alcohol, ethyl diketosuccinate o-tolyl- 
hydrazone was obtained, identical with that prepared by direct 
esterification. 

Diketosuccinic acid o-tolylosazone (V) was prepared by adding a 
solution of 26 g. of sodium dihydroxytartrate (1 mol.) in 180 c.c. 
of moderately concentrated hydrochloric acid (1:1) to a solution 
of 32 g. of o-tolylhydrazine (2 mols.) in 1500 c.c. of dilute hydro¬ 
chloric acid (1:100). The mixture was stirred for 6 hours and heated 
at 80° for 2 hours. The osazone was filtered off without previous 
cooling, repeatedly washed with boiling water, and dried at 110°, 
It was thus obtained as an orange powder, m. p. 170° (decomp.) 
(Found : N, 15*6. C 18 H 18 0 4 N4 requires 1ST, 15*8%). 

Anhydrodiketosuccinic Acid o-Tolylosazone (VI).—The osazone 
(V) was added to boiling acetic anhydride until no more would 
dissolve. On cooling, the anhydride separated in long, glistening, 
red prisms, m. p. 198° (decomp.) (Found: 1ST, 16*6. C 18 H 16 0 3 N 4 
requires N, 16*7%). 

4 : 5-Diketo-l-o-tolylpyrazoline-Z-carboxylic acid 4- o4olylhydrazone 
(VII) is formed together with the isomeric anhydride (VI) on 
crystallising the osazone (V) from acetic acid. It is, however, 
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best obtained by acidifying the orange-coloured solution produced 
by dissolving the osazone in hot 10% sodium hydroxide solution; 
the tolylhydrazone thus obtained separates from acetic acid, in 
which it is sparingly soluble, in very small, yellow prisms, 
m. p. 229° (decomp.) (Found : N, 16-45. C 18 H 16 0 3 N 4 requires 
N, 16*7%). 

Its ethyl ester (VIII), obtained by boiling the osazone (V), the 
anhydride (VI), or the pyrazolone (VII) with alcohol containing 
5% of dry hydrogen chloride, crystallises from alcohol, in which 
it is easily soluble, in long, orange-red prisms, m. p. 145° (Found : 
N, 15-5. C 20 H 20 O 3 N 4 requires 1ST, 15-4%). 

The following derivatives of jp-tolylhydrazine were similarly 
prepared. 

Diketosuccinic acid p- tolylhydrazone (I) is moderately easily 
soluble in 75% acetic acid, from which it separates in orange- 
yellow octahedra, m. p. 190° (decomp.) (Found : N, 11*3%). The 
anhydride (II) crystallises from acetic anhydride in deep red, 
elongated prisms, m. p. 192° (decomp.) (Found : 1ST, 12*1%). The 
half-ester (III) is easily soluble in alcohol, from which it separates 
in lemon-yellow, slender prisms, m. p. 112° (Found : N, 10-05%). 

Diketosuccinic acid p- tolylosazone (V) was obtained as a soft, 
orange-red powder, m. p. 175° (decomp.) (Found: N, 15*65%). 
The anhydride (VI) forms red, elongated prisms, m. p. 230° (decomp.) 
(Found: N, 16-5%). 

4 : 5-Diketo-l--p-tolylpymzoline-3-carboxylic acid 4-p- tolylhydrazone 
(VII) is sparingly soluble in acetic acid, from which it separates 
in very small, pale yellow prisms, not. p. 233° (decomp.) (Found : 
N, 16*7%). Its ethyl ester (VIII) is easily soluble in alcohol, from 
which it separates in orange-red, slender prisms, m. p. 143° (Found : 
N, 15*55%). 

The Queen’s College, Oxford. [Received, October 1 1th, 1927.] 


CCCLXXIV .—A General Method for the Preparation of 
Garbocyanine Dyes . 

By Frances Mary Hamer. 

Since 1920, when the term u carbocyanine ” was first applied to 
pinacyanol and similar dyes (Mills and Pope, Phot. /., 1920, 44, 
253), other types of compounds have been discovered which, from 
their structure and properties, should be included under the same 
name. Before describing the present general method of preparing 
earbocyanines, it seems desirable to summarise these various types 
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and the methods which have hitherto been employed in making 
them. 

The most important carbocyanine dye is 1 : T-diethyl-2 :2'- 
carbocyanine halide (I), which, under the trade name of pinacyanol, 
is a well-known photographic sensitiser. Hitherto the best way 
of preparing it has consisted in adding formaldehyde and then alkali 
to a boiling alcoholic solution of a quinaldinium salt in the presence 
of a quinolinium salt, but the yield of pure dye is at most only 21% 
of that theoretically possible. The part played by formaldehyde 
may be taken by a trihalogenomethane (D.R.-P., 200,207/1908), 
or the methenyl residue may be provided by di-o-formylethylamino - 
diphenyl disulphide, reacting with quinaldine ethonitrate in pyridine 
solution (Mills and Braunholtz, J., 1923, 123, 2804). Konig 
obtained pinacyanol by the condensation of quinaldine ethiodide 
with ethyl orthoformate in the presence of acetic anhydride (Ber., 
1922, 55, 3293), but his claim to a 50% yield could not be confirmed 
(Hamer, J., 1925, 127, 211). Finally, the dye has been derived 
from methylenediquinaldine diethiodide (II) by the action of alkali 




in the presence of a quinolinium salt (Hamer, J., 1923, 123, 246). 
The establishment of the constitution of pinacyanol (Mills and 
Hamer, J., 1920, 117, 1550) led to the prediction of two similar 
groups of carbocyanines, possessing respectively a 4:4'- and a 
2 :4'-linking (III and IV) in place of the original 2 :2'-linking. 
Mills and Braunholtz (he. cit.) prepared a dye of the first type (III) 




from lepidine ethonitrate by the action of the disulphide and 
pyridine, and showed the corresponding iodide, obtainable in 15% 
yield, to be identical with “ kryptocyanine,” which had previously 
been prepared, in 9% yield, by treating an alcoholic solution of 
lepidine ethiodide with alkali and formaldehyde or chloroform 
(Adams and Haller, J. Amer. Ghem. Soc ., 1920, 42, 2661). Mills 

. 5b2 
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and Odams s imil arly synthesised the 2 :4'-isomeride (IV) by the 
action of the disulphide on the ethonitrates of quinaldine and 
lepidine, and proved “ dioyanine ” to be a dye of this kind (J., 
1924, 125, 1913). 

Besides these three closely related classes of carbocyanines, 
analogous dyes are obtained when the quinoline nuclei are replaced 
by other basic nuclei. Mills has shown that the dyes formed by 
the action of ammonia on the quaternary salts of 1-methylbenz- 
thiazole and benzthiazole (Hofmann, Ber., 1887, 20, 2262) result 
in better yield (19%) when the salts are heated in pyridine solution, 
and has proved that they have formula (V) (J., 1922, 121, 455). 
Substances of the same class were prepared by Konig and Meier, 



by condensation of 1-methylbenzthiazole methohalide with ethyl 
orthoformate, or anhydrous sodium formate, in nitrobenzene solu¬ 
tion; they mention that the reaction proceeds equally well in acetic 
anhydride or pyridine solution (J. pr. Chem., 1925, 109, 324). 
[Repetition of the preparation of the methobromide in nitrobenzene 
solution, or of the methiodide in acetic anhydride solution, has 
been found to give unsatisfactory results. By heating 1-methyl- 
benzoxazole methiodide with ethyl orthoformate in the presence of 
nitrobenzene or acetic anhydride, Konig and Meier prepared a dye 
of a new type (VI) (loc. cit), whilst Konig prepared another class 
of carbocyanine (VII) by treatment of a 2 : 3 : 3-trimethylindolenin- 
ium salt with ethyl orthoformate and acetic anhydride (Ber., 1924, 
55, 3293). 



As regards the nomenclature of these last three groups of carbo- 
eyanine dyes, the term thiocarbocyanine is preferred to the name 
carbothiocyanine (Mills, loc . cit), as being more consistent with the 
terms thioisocyanine (Braunholtz and Mills, J., 1922, 121, 2004), 
thiopmwfceyanine (Mills and Braunholtz, he. cit.), and pyrido- 
carbocyanine (ibid.). It is proposed that the dyes (VI) and (VII), 
derived from benzoxazole and indolenine, be named oxacarbocyanines 
and indocarbocyaniTies respectively. 



THE PREPARATION OP CARBOCYANINE DYES. 2799 

Now the equation representing the reaction of quinaldine ethiodide 



“j- CH(OEt) 3 = 



+ 3EtOH + HI, 


with ethyl orthoformate suggests that the pinaeyanol condensation 
would be favoured by the use of a basic solvent. Boiling pyridine 
proved in fact to serve excellently, and to its use is attributable the 
whole success of the present method. The only precaution necessary 
is that of drying the solvent, whilst about four times the calculated 
quantity of ester should be taken. Three 2 : 2'-carbocyanines have 
been prepared by the pyridine method, the yields of pure product 
varying from 70 to 79%, and the method was subsequently applied 
to the preparation of carbocyanines of the other five classes. With 
the 2 :4'-carbocyanines, the yield of crude material is higher and 
the labour involved is less than in any other published method of 
preparing dicyanines; their separation, by fractional crystallis¬ 
ation, from the 2 :2'- and 4:4 , -isomerides was not, however, 
carried out. The success of the method is especially striking in 
the case of the 4 : 4 , -carbocyanines, the yields being 36 to 43% of 
the theoretical.. In the preparation of 1: l / -diethyl-4 : 4'-carbo- 
cyanine iodide, there is formed in addition about half its amount 
of another dye, which may readily be isolated by virtue of its slight 
solubility. Its properties show it to be identical with “ neocyanine,” 
which has been described as a by-product in the preparation of 
kryptocyanine by the formaldehyde method, and which is a powerful 
sensitiser for the deep red and infra-red (Dundon, Schoen, and 
Briggs, J . Opt. Soc. Amer 1926,12, 397). The pyridine method is 
at its best in the case of the thiocarbocyanines, giving between 79 
and 83% yields of pure dyes; with the oxacarboeyanines the yields 
are about 40% and with the indocarbocyanines about 70% of those 
theoretically obtainable. 

It is concluded that the introduction of pyridine as solvent con¬ 
verts the synthesis of carbocyanines, by condensation of ethyl 
orthoformate with quaternary salts containing reactive methyl 
groups, into an excellent practical and general method of prepar¬ 
ation; this is not only the simplest method to apply, but gives, 
in any and every instance, the best yield obtainable* The following 
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carbocyanines are now described for the first time : 6 : &-dimethyl- 

1 : V-diallyl -2 : 2 '-carbocyanine iodide and bromide , 1 : V-dimethyl- 
4 : 4 '-carbocyanine iodide , 1 : V-diallyl-4 :: 4 ' - cctrbocyanine iodide , 

2 : 2' -diallylthiocarbocyanine bromide , 2 : 2 '-diethyloxacarbocyanine 
iodide , and 3 : 3 : 3': 3' - tetramethyl -1:1'- diethylindocarbocyanine 
iodide . 

Mr. O. F. Bloch has examined the absorption spectra of all the 
dyes in alcoholic solution and tested their sensitising action, both 
by bathing plates in a solution and by adding the dye to the emulsion 
before coating. He has found that the indocarbocyanines and 
oxacarbocyanines are, like other cyanine dyes, photographic sensi- 
tisers, and it seems remarkable that their photographic properties 
have not previously been recorded. In the experimental section 
of this paper the photographic action is described only in those 
instances where this has not previously been done. 

So far no carbocyanine containing two pyridine nuclei has been 
isolated, though Mills and Braunholtz (loc. cit.) attributed to a 
2 :2'-carbocyanine of this type absorption bands which they 
detected in the pyridine reaction mixture of 2-methylpyridine 
ethonitrate and di-o-formylethylaminodiphenyl disulphide. It is 
now found that a 2 : 2' -pyridocarbocyanine is not formed by con¬ 
densation of 2-methylpyridine ethiodide with ethyl orthoformate in 
the presence of boiling pyridine, a negative result which is curious in 
view of the readiness with which 2-methylpyridine quaternary salts 
condense with p-nitrosodimethylaniline (Kaufmann and Vallette, 
Ber., 1912, 45, 1736) and with ^-dimethylaminobenzaldehyde (Mills 
and Pope, J., 1922, 121, 946), 

Experimental. 

1: V-Diethyl-2 : 2 '-carbocyanine Iodide .—Quinaldine ethiodide (5 
g.; 2 mols.), ethyl orthoformate (5*5 c.c.; 4 mols.), and pyridine 
(20 c.c.), which had been dried by being left over barium oxide and 
subsequent decantation, were boiled under reflux for 3 hours; 
crystals then separated (yield 78%). After recrystallisation from 
dilute spirit, the yield was 70%. The dye was dried under reduced 
pressure at 100—120° and an iodine determination was made by 
the method of Carius; these methods of drying and analysis were 
used in all cases, except where otherwise stated (Found : I, 26*2. 
Calc, for C 25 H 25 N 2 I: I, 26-4%). 

6 : 6' -Dimethyl-1 :1' -dicdlyl-2 : 2 '-carbocyanine Iodide .—By heat¬ 
ing 2 : 6-dimethylquinoline (5 g.; 1 mol.) and allyl iodide (3*4 c.c.; 
1*2 mols.) in a sealed tube at 100° for 48 hours, extracting the product 
with ether, and recrystallising the residue from spirit, a 72% yield 
of 2 : 6 -dimethylqui7ioU7ie alliodide was obtained, in yellow crystals. 
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m. p. 198—199° (decomp.) (Found : I, 39*2. C 14 H 16 NI requires 
I, 39-05%). The condensation of the alliodide (5 g.) with ethyl 
orthoformate was carried out as in the previous preparation and 
the product was washed with ether (yield 82%) and recrystallised 
from methyl alcohol (yield, 71%). It melts with decomposition 
at 280—281° (Found: I, 23-5. C 29 H 29 N 2 I requires I, 23-85%). 
In spirit solution there are absorption maxima at X 5700 A. and 
X 6200, of which the latter is the stronger. When the dye is added 
to the emulsion the sensitising maxima lie at X 5800 and X 6450 
and there is considerable fog. The fog is less when the plate is 
bathed in a solution of the dye, and the sensitising action is con¬ 
siderably greater, the principal band now extending from X 6200 
to X 7300. 

6 ; %' -Dimethyl-1 : 1'-diallyl-2 : 2 f -carbocyanine Bromide .—A -76% 
yield of 2 : 6-dimethylquinoline allobromide is obtained by heating 
2 : 6-dimethylquinoline (7 g.; 1 mol.) and allyl bromide (6*2 c.c.; 
1*2 mols.) in a sealed tube at 100° for 48 hours and recrystallising 
the product from absolute alcohol. It is a colourless solid, m. p. 
214—215° (decomp.) (Found : Br, 28*9. C 14 H 16 KBr requires Br, 
28-7%). Its condensation with ethyl orthoformate in the presence 
of pyridine gave an 84% yield of carbocyanine (14*6 g.) and on 
recrystallisation from methyl alcohol a 79% yield of pure dye. 
This forms green and gold crystals, m. p. 281—282° (decomp.) 
(Found : Br, 16-5. C 29 H 29 N 2 Br requires Br, 16*5%). 

1 :1' -Dimethyl-4,: 4' -carbocyanine Iodide. —This compound is 
mentioned in the literature (Adams and Haller, loo. cit.) 3 but none 
of its properties has been recorded. After condensation of lepidine 
methiodide (1 g.) with ethyl orthoformate in the presence of pyridine, 
the reaction mixture was poured into water; a 71% yield of crude 
product then resulted. From methyl alcohol it separated in minute, 
bright green crystals (yield 38%), m. p. 290—295° (decomp.) (Found: 
I, 28*0. C 23 H 21 ]Sr 2 I requires I, 28-1%). The dye shows an absorp¬ 
tion maximum at X7150. The sensitising action towards plates 
on bathing is poor and is accompanied by veil; the single sensitising 
band has its maximum at X 7500. When the dye is added to the 
emulsion, the sensitising action is less but the fog greater. 

1 : V-Diethyl- 4 :4' -carbocyanine Iodide (Kryptocyanine ).—After 
the condensation of lepidine ethiodide with ethyl orthoformate in 
the usual way, the reaction mixture was cooled and filtered (0*89 g* 
removed); on addition of water to the filtrate, the kryptocyanine 
was precipitated (2-23 g., i.e.> 56% of the theoretical yield). The 
kryptocyanine was recrystallised from spirit (150 c.c.); the yield 
(1*67 g.) was then 42% (Found : I, 26*4. Calc, for C 25 H 25 ]$r 2 I: I, 
26*4%). The less soluble neocyanine iodide also was recrystallised 
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from spirit (1000 c.c.; 0*72 g. obtained). When heated, it melts with 
decomposition at 286°. 

1 : V-Diallyl-4z : 4' -carbocyanine Iodide. —Lepidine (3-9 c.c.; 1 

mol.) and allyl iodide (3*2 c.c.; 1*2 mols.) were heated in a sealed 
tube at 100° for 2 days. The lepidine alliodide was recrystallised 
twice from dry spirit, charcoal being used once (Found : I, 40*8. 
C 13 Hi 4 NI requires I, 40*8%). The condensation product from 
lepidine alliodide (1 g.) and ethyl orthoformate was precipitated 
as a tar on the addition of ether to the pyridine reaction liquid. 
Rapid crystallisation from a little methyl alcohol gave a 43% yield 
of green crystals, but the carbocyanine was unstable and decom¬ 
posed on prolonged boiling with the solvent. When heated, decom¬ 
position began at about 150° (Found : I, 25*6. C 27 H 25 N 2 I requires 
I, 25*2%). The maximum absorption in spirit solution is at X 7150. 
On a bathed plate, the dye confers a strong sensitisation band with 
its maximum at X 7550. The band occupies the same position when 
the dye is added to the emulsion, but is in this case much weaker. 

2 : 2 '-Dimethylthiocarbocyanine Iodide. —Repetition of the pre¬ 
paration using ethyl orthoformate and acetic anhydride gave only 
17% and 9% yields of crude and recrystallised dye respectively. 
By the new method, 1-methylbenzthiazole methiodide (4 g.; 2 mols.), 
pyridine (40 c.c.), and ethyl orthoformate (4*6 c.c.; 4 mols.) were 
boiled for an hour. The thiocarbocyanine (yield, 95%) was 
recrystallised from dilute spirit and obtained in 74% yield. Melting 
with decomposition occurs at about 280°; Konig and Meier (loo. cit.) 
give m. p. 254° (Found: I, 27*1. Calc, for C 19 H 17 N 2 IS 2 : I, 27*3%). 

2 : 2 f -Diethylthiocarbocyanine Iodide. —This dye was similarly pre¬ 
pared from 1-methylbenzthiazole ethiodide (2 g.), and recrystallised 
from methyl alcohol (yield, 82%); m. p. 264-—265° (decomp.); Mills 
( loc . cit.) gives m. p. 269° (decomp.) (Found: I, 25*6. Calc, for 
C 21 H 21 N 2 IS 2 : 1,25*8%). 

2 : 2'-Diallylthiocarbocyanine Bromide. —By heating 1-methyl¬ 
benzthiazole (6*3 g.; 1 mol.) with allyl bromide (3*5 c.c.; 1*2 mols.) 
in a sealed tube at 100° for 48 hours and recrystallising the product 
from spirit, 1 -methylbenzthiazole allobromide was obtained in almost 
colourless crystals (yield, 68%), m. p. 202° (decomp.) (Found : Br, 
29*8. C n H 12 NBrS requires Br, 29*6%). The crude dye (yield, 
95%), obtained on condensation of 1-methylbenzthiazole allobromide 
(2 g.) with ethyl orthoformate, was recrystallised from methyl 
alcohol; the pure thiocarbocyanine (yield, 79%) forms purple 
crystals, m. p. about 260° (decomp.) (Found: Br, 17*0. 
® 23 ^i^ 2 BrS 2 requires Br, 17*0%). In spirit solution, the stronger 
absorption band has its maximum at X560Q and the weaker at 
X 5220. As used in the emulsion, the dye is a powerful sensitiser; 
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there is a strong band with its maximum at X 6000 and a weaker 
one with a maximum at X 5450. It acts as an excellent sensitiser 
when plates are bathed in its solution, the sensitisation being almost 
uniform up to X 6200 and decreasing to zero at X 6800; there is a 
slight gap at X 4900. 

2:2'- Dimethyloxacarbocyanine Iodide . — I - Methylbenzoxazole 
could not be obtained by interaction of o-aminophenol and ethyl 
acetate (Niementowski, Ber. } 1897, 30, 3062), but was prepared 
by Ladenburg’s method {Ber., 1876, 9, 1524). The methiodide, 
after being washed with dry ether as described by Clark (J., 1926, 
232), was rapidly recrystallised from absolute alcohol; the colourless 
crystals obtained were washed with ether and dried in a vacuum 
desiccator before analysis (Found : I, 46*1. Calc, for C 9 H 10 ONI: 
I, 46*15%). M. p. 196° (decomp.) as recorded by Clark; K6nig 
and Meier (loc. cit.) give m. p. 200°. 1-Methylbenzoxazole meth¬ 
iodide (2 g.; 2 mols.), ethyl orthoformate (3*0 c.c.; 4 mols.), and 
pyridine (20 c.c.) were boiled for an hour. The dye (yield, 57%) 
was recrystallised from absolute alcohol (yield, 40%). The yield 
is about half as great when acetic anhydride is used as solvent in 
the condensation. The oxacarbocyanine has m. p. 275—277° 
(decomp.); Konig and Meier give m. p. 259° (Found: I, 29*2. 
Calc, for C 19 H 17 0 2 N 2 I: I, 29*4%). The absorption maxima in 
spirit solution lie at X 4850 and X 4600, of which the former is the 
stronger. When added to the emulsion, the dye confers a region 
of extra sensitivity with a maximum at X 5100. Both in this case 
and with the bathed plate the sensitisation curve is very uniform, 
reaching to X 5700 for moderate exposures. 

2 : 2' -Diethyloxacarbocyanine Iodide .—1 -Methylbenzoxazole eth- 
iodide was prepared by heating 1-methylbenzoxazole (5*5 g.; 1 mol.) 
and ethyl iodide (4*0 c.c.; 1*2 mols.) in a sealed tube at 100° for 
48 hours. After extraction with dry ether, the crude product was 
rapidly recrystallised from absolute alcohol, washed with ether, 
and dried for analysis in a vacuum desiccator (yield, 74%); the 
colourless crystals thus obtained had m. p. 195—197° (decomp.) 
(Found: I, 43*7. C 10 H 12 ONI requires I, 43*9%). Condensation 
of the ethiodide (8 g.) with ethyl orthoformate gave 2 : 2'-diethyl¬ 
oxacarbocyanine iodide (yield, 57%), which crystallised from pyridine, 
in 38% yield, in red crystals -with a blue reflex; m. p. 277—279° 
(decomp.) (Found: I, 27*5. C 21 H 2: iP 2 lSI 2 I requires I, 27*6%). 
The absorption maxima in spirit solution are at X 4600 and X 4850, 
of which the latter is the stronger. For bathing plates the dye 
acts as a powerful sensitiser, extending the normal sensitivity by 
a band which shows a maximum at X 5150. Its action is weaker; 
when it is added to the emulsion. 4 
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1:3:3: V : S': 3 '-Hemmethylindocarbocyanine Iodide .—In this 
instance the yield obtained by using acetic anhydride as solvent 
is equal to that which results when pyridine is employed. 2:3:3- 
Trimethylindolenine methiodide (2 g.; 2 mols,), pyridine (20 c.c.), 
and ethyl orthoformate (3*0 c.c.; 4 mols.) were boiled for an hour 
and the reaction mixture was poured into water. The crude product 
(yield, 78%) gave on recrystallisation from dilute or dry spirit, 
acidified with hydrogen iodide, a 66% yield of beautifully crystalline 
dye, but the iodine content was invariably low (e.gr., a specimen - 
which had been dried in a vacuum desiccator gave C, 60*6; H, 6*5; 
I, 24*0. Calc, for C 25 H 29 N 2 I: C, 61*95; H, 6*0; I, 26*2%. 
C 25 H 29 N 2 I,C 2 H 5 -OH requires C, 611; H, 6-65; I, 23*9%). The 
indocarbocyanine has m. p. about 228° (decomp.); Konig (Zoc. cit.) 
gives m. p. 229° (decomp.). The absorption maxima lie at X 5120 
and X 5480. When added to the emulsion, the dye gives very 
clean plates and shows fair sensitising action; the maxima lie at 
X 5320 and X 5720. When plates are bathed in a solution of the 
dye, the sensitisation is very powerful, and maxima occur at X 5300 
and X 5800. 

3:3:3': 3 ’-Tetramethyl-l : V-diethylindocarbocyanine Iodide .— 
Trimethylindolenine ethiodide has been previously prepared by the 
action of methyl iodide on 2-methyl-1 -ethylindole (Konig and Muller, 
jBer., 1924, 57, 144), but in the present work it was obtained by 
heating 2:3:3-trimethylindolenine (8*2 g.; 1 mol.) and ethyl 
iodide (5 c.c.; T2 mols.) in a sealed tube at 100° for 48 hours. After 
recrystallisation from rectified spirit, the ethiodide (yield, 61%) 
had m. p. 224° (decomp.) (Found: I, 40*2. Calc, for C 13 H 18 NI: 
I, 40*3%). The crude carbocyanine (yield, 86%), obtained by 
condensation with ethyl orthoformate, was recrystallised from 
dilute spirit acidified with hydrogen iodide, and was obtained in 
75% yield. It forms pleochroic crystals, which are olive-green 
and steel-blue. If rapidly heated, it softens at 204—210°, or, if 
slowly heated, melts and resolidifies; it melts at 260—263° 
(decomp.) (Found: I, 24*8. C^H^Ngl requires I, 24*8%). In 
spirit solution, the chief absorption maximum occurs at X 5480 and 
there is a weaker band with its maximum at X 5120. When added 
to the emulsion, the dye shows moderate sensitising action and has 
three maxima, at X 5350,5750 and 6000, respectively. In sensitising 
by bathing, it shows two maxima, at X 5320 and X 5700, and its 
action is more powerful. 
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CCCLXXV .—Quaternary Salts in the Benzselenazole 

Series . 


By Leslie Marshall Clare. 

The zinc salt of o - aminoselenophenol , which reacts with benzoyl 
chloride to give phenylbenzselenazole (Bauer, Ber., 1913, 46, 92), 
reacts similarly with formic acid to give benzselenazole (I). 


(I.) c 6 h 4 <J>ch 


C 6 H 4<mie-CHO_ 2 


(II.) 


Benzselenazole methiodide , when titrated in aqueous solution with 
sodium hydroxide and phenolphthalein, requires two equivalents of 
alkali for neutralisation. The neutral solution reduces one equi¬ 
valent of iodine, a compound, (C 8 H 8 ONSe) 2 , being formed. This 
behaviour of benzselenazole methiodide is clearly analogous to that 
of benzthiazole methiodide (Mills, Clark, and Aeschlimann, J., 1923, 
123, 2353) and must be ascribed to formation of the carbinol base, 
subsequent opening of the heterocyclic ring to give the sodium salt 
of o-formylmethylaminoselenophenol, CHO*lSn\le*C 6 H 4 *SeNa, and 
oxidation of this by iodine (or other mild oxidising agents) to 
di-o-formylmethylaminodiphenyl diselenide (II). 

Similar reactions occur when 2-phenylbenzselenazole methiodide 
is treated with two equivalents of sodium hydroxide, followed by 
one of iodine, and are, therefore, probably general for all 2-alkyl- 
and 2-aryl-substituted benzselenazolinium salts. 

Atmospheric oxidation of benzselenazole methiodide in 
ammoniacal solution gives di-o-methylaminodiphenyl diselenide, the 
formyl groups of (II) having been removed by contact with 
ammonium hydroxide. Similar treatment of benzthiazole meth¬ 
iodide gives di-o -formylmethylaminodiphenyl disulphide, di-o- 
methylaminodiphenyl disulphide being produced only when sodium 
hydroxide is substituted for ammonium hydroxide (compare Mills, 
Clark, and Aeschlimann, loc. cit.). 

Confirmation of the correctness of the explanations advanced 
above is obtained by the benzoylation of the di-o-methylamino- 
diphenyl diselenide obtained from benzselenazole methiodide. The 
product is identical with the compound obtained from 2-phenyl¬ 
benzselenazole methiodide by treatment with alkali and oxidation. 

During the preparation of benzselenazole, di-o-formylaminodi - 
fhenyl diselenide was isolated as a by-product. This compound, 
when treated in alcoholic solution with stannous chloride, gave some 
benzselenazole by preliminary reduction to o-formylaminoseleno- 
phenol, which then underwent condensation by loss of water. 
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The formyl groups in di-o-formylaminodiphenyl diselenide are 
readily removed by heating with phenylhydrazine, since a-formyl- 
phenylhydrazine is obtained from the reaction mixture. 

Experimental. 

The zinc salt of o-aminoselenophenol was prepared by Bauer’s 
method (loc. eft.), but a better yield (56%) of di-o-aminodiphenyl 
diselenide was obtained by oxidising the solution of o-amino- 
selenophenol, well stirred and cooled below 6°, with potassium ferri- 
cyanide instead of hydrogen peroxide. 

Benzselenazole (I).—The zinc salt of o-aminoselenophenol (17 g.) 
was boiled during 14 hours with anhydrous formic acid (140 c.c.), 
and the solution poured into water; a light-coloured oil, which 
rapidly solidified, was then precipitated. Excess of ammonium 
hydroxide was added and the oily suspension and the solid deposit 
(A) were extracted by means of ether. The extract was dried over 
sodium carbonate, the solvent removed, and the residue distilled, 
giving benzselenazole (4*5 g.), a slightly yellow liquid, b. p. 154°/45 
mm., having an odour very similar to that of benzthiazole (Found : 
N, 8*0. C 7 H 5 NSe requires 1ST, 7-7%). 

Benzselenazole Methiodide. —A mixture of the base (4*2 g.) and 
methyl iodide (5 g.) was kept for 24 hours and then heated on the 
water-bath for 3 hours. The resulting solid, after being washed with 
ether, crystallised from alcohol in very pale yellow needles (yield, 
80%), m. p. 188—189° (Found : C,29*4; H,2*45; N,4-2; 1,39-1; 
Se, 24*1. C g H 8 NISe requires C, 29*6; H, 2*5; N, 4*3; I, 39*2; Se, 
24*4%). Benzselenazole methopicrate , obtained from the meth¬ 
iodide and picric acid in alcoholic solution, had m. p. 173° (Found : 
N, 12*8. C 14 H 10 O 7 N 4 Se requires N, 13*2%). 

Action of Sodium Hydroxide on Benzselenazole Methiodide. —Benz¬ 
selenazole methiodide (1*500 g.) in aqueous solution required 9*3 c.c. 
of l*02A T -sodium hydroxide for neutralisation (Calc, for two 
equivs. of NaOH, 9*1 c.c.). On oxidation of the cold solution with 
potassium ferricyanide a yellowish, oily substance was precipitated. 
This was extracted with benzene, and the extract was dried over 
sodium carbonate and concentrated, and light petroleum added until 
a permanent turbidity appeared; di-o-formylmethylaminodiphenyl 
diselenide (H) slowly separated in small, colourless prisms, m. p. 104° 
(Found : C,45*0; H, 3*8; 2ST, 6*7 ; M, cryoscopic in camphor, 424. 
C 16 Hi e Q<^ 2 Se 2 requires C, 45*1; H, 3*75; N, 6*6%; Jf, 426). 

Oxidation of o-Formylmethylaminoselenophenol by Iodine .—Benz¬ 
selenazole methiodide (0*3240 g.), dissolved in water, was treated with 
two equivalents of sodium hydroxide. The slightly yellow solution 
required 9*3 c.c. of itf/lO-iodine for oxidation (Calc, for 1 equiv., 
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10-0 c.o.). The error in the titration is undoubtedly due to atmo¬ 
spheric oxidation, which appears to be more rapid in the case of the 
selenophenols than in that of the thiophenols. Di-o-formylmethyl- 
aminodiphenyl diselenide, m. p. 104°, was isolated as before. 

Atmospheric Oxidation of o-Formylmethylaminoselenophenol .— 
Benzselenazole methiodide (0-3 g.) was dissolved in water (30 c.c.), 
and ammonium hydroxide (2 c.c.; d } 0*880) added. The solution 
became yellow and slightly turbid; after it had been kept for several 
hours in the dark, a crystalline, yellow substance separated on the 
surface. If the concentration of ammonium hydroxide was greater 
than that stated, the crystals were accompanied by a yellow oil. 
When the solution had lost its yellow colour, the crystals were 
removed and purified by evaporation of a solution in light petroleum. 
After several repetitions of this procedure, di-o-methylaminodiphenyl 
diselenide was obtained, m. p. 89° (Found : C, 45*3; H, 4*2; N, 7*5. 
Ci 4 H 16 N 2 Se 2 requires C, 45*4; H, 4*3; N, 7*6%). This diselenide 
is very readily soluble in organic solvents. It separates from ether 
in yellow, hexagonal tablets, very similar in appearance to those of 
di-o-methylaminodiphenyl disulphide (Mills, Clark, and Aeschlimann, 
loc. cit .). 

Di-o-methylaminodiphenyl diselenide (0*2 g.), shaken with benzoyl 
chloride and sodium hydroxide, gave a pasty mass; after crystal¬ 
lisation from aqueous alcohol, this had m. p. 170°, alone or when 
mixed with di-o-benzoylmethylaminodiphenyl diselenide obtained 
from I-phenylbenzselenazole methiodide (see below). 

1-Phenylbenzselenazole Methiodide. —1-Phenylbenzselenazole (2 g.), 
prepared by Bogert and Chen’s method (J. Amer. Ghem. Soc., 1922, 
44, 2355), was heated at 100° during 26 hours with methyl iodide 
(2*5 c.c.). After removal of the excess of methyl halide, the residue 
was extracted with ether to remove unchanged base. The crude 
methiodide crystallised from alcohol in golden-yellow needles, m. p. 
211—212° (decomp.) (Found: I, 31*5. C 14 H 12 NISe requires I, 
31*75%). l-Phenylbenzselenazole chloroplatinate was prepared from 
alcoholic-hydrochloric acid solutions of the base and platinic chloride 
and separated in flattened, yellowish-brown needles [Found : Pt, 
20*8. (C^HgNSeJgHgPtCls requires Pt, 21*0%]. 

Action of Sodium Hydroxide on 1 -Phenylbenzselenazole Methiodide : 
Di-o-benzoylmethylaminodiphenyl Diselenide .—The methiodide (0*210 
g.), dissolved in water, was titrated at 50° with sodium hydroxide 
and phenolphthalein. The addition of each portion of alkali caused 
the transient red coloration of the indicator which is characteristic 
of pseudo-base formation (Required: 19*3 c.c. of IV'/20-sodium 
hydroxide. Calc, for two equivs., 19*5 c.c.). This solution, cooled 
and titrated with 0*0625A r -iodine, required 7*0 c.c. for complete 
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oxidation, whereas the amount calculated for one equivalent of 
iodine is 8*4 c.c. This discrepancy must again be ascribed to 
atmospheric oxidation. The colourless solid, di-o-benzoylmethyl- 
aminodiphenyl diselenide , which separated after the iodine oxidation 
crystallised from aqueous alcohol in stout needles, m. p. 170° 
(Found : C, 58*4; H, 4*1; N, 5*1; Se, 27-0. C 28 H 24 0 2 N 2 Se 2 requires 
C, 58-1; H, 4*15; N, 4-8; Se, 27-3%). 

Di-o-formylaminodiphenyl Diselenide .—The deposit A, obtained 
from the formylation of o-aminoselenophenol, crystallised from 
alcohol (charcoal) in soft, pale yellow needles, m. p. 174°. Analysis 
showed it to be di-o-formylaminodiphenyl diselenide , which must have 
been produced by atmospheric oxidation of aminoselenophenol to 
the corresponding diselenide, followed by formylation of the amino- 
groups (Found : C, 42*4; H, 3*1; N, 7*0. C 14 H 12 0 2 N 2 Se 2 requires 
C, 42*2; H, 3*0; 1ST, 7*0%). 

Preparation of Benzselenazole from Di-o-formylaminodiphenyl 
Diselenide. —The diselenide (1*8 g.), dissolved in alcohol-acetone, 
was reduced with excess of stannous chloride in dilute hydrochloric 
acid solution. The mixture was heated at 100° for \ hour and then 
evaporated to dryness. The residue was treated with sodium 
hydroxide solution and the oil liberated was taken up in ether, dried 
over sodium carbonate, and distilled in a vacuum* The distillate 
was heated with excess of methyl iodide at 70—80° for 4 hours, the 
uncombined methyl iodide boiled off, and the partly crystalline 
residue dissolved in acetone; on addition of ether to this solution 
a crystalline deposit was formed which, after purification, melted 
at 187°, alone or when mixed with authentic benzselenazole 
methiodide. 

Reaction between o-Diformylaminodiphenyl Diselenide and Phenyl- 
hydrazine. —The diselenide (0*5 g.) was heated with phenylhydrazine 
(1*2 g.) at 100° for 3 hours and the orange-red oil produced 
was cooled and diluted with ether; colourless plates of a-formyl- 
phenylhydrazine were deposited; these, after crystallisation from 
water, had m. p. 144°, alone or when mixed with an authentic 
specimen. 

A satisfactory method for the estimation of selenium in organic 
compounds of the type described in this paper is as follows : The 
compound is decomposed by treatment with 50 c.c. of 8% potassium 
permanganate solution and 10 c.c. of concentrated nitric acid. The 
mixture is evaporated to dryness on the steam-bath, 10 c.c. of the 
permanganate solution and 5 c.c. of nitric acid are added to the 
residue, and the evaporation is repeated. The addition of per¬ 
manganate and acid and the evaporation are repeated, 80 c.c. of 
concentrated hydrochloric acid are added to the residue, and the 
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mixture is boiled until chlorine and nitric acid are removed. 
The solution is then diluted and selenium determined by reduction 
with sulphurous acid. 

22 Stanley Road, Teddington. [Received, October §th, 1927.] 


CCCLXXVL —The Constitution of the Disaccharides. 
Part XVI. Cellobiose . 


By Walter Norman Haworth, Charles William Long, and 
John Herbert Geoffrey Plant. 


A constitutional study of cellobiose was undertaken in this series 
(Part V) six years ago (Haworth and Hirst, J., 1921, 119, 193), 
and the experimental results were as follows : Methylated cello¬ 
biose—^crystalline tetramethyl glucose + crystalline 2:3: 6-tri- 
methyl glucose; and a structural formula was ascribed to the 
disaccharide on this basis. In common with all carbohydrate 
formulae, this constitution was modified by the recognition of the 
revised formula of glucose in its normal derivatives (Charlton, 
Haworth, and Peat, J., 1926, 98), and the structure represented 
by (I) was assigned to cellobiose by the latter authors : 
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Consideration was given to an alternative formula for cellobiose 
(II), and it was stated that the isolation of 2 : 3 : 6-trimethyl glucose 
by cleavage of methylated cellobiose rendered it possible to regard 
the attachment of the reducing hexose component through position 
(5) to the other hexose residue, in which case the oxide ring of this 
first residue would be a butylene or y-oxide (1 :4} and not an 
amylene or 8-oxide (1: 5). In the former case, cellobiose would be 
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to the extent of one residue a y-sugar, but this was stated to be 
an unlikely contingency. Whilst making this reservation, there¬ 
fore, the formula (I) for cellobiose was advocated, inasmuch as it 
correctly represented the properties of the disaccharide and was 
consistent with all the facts. 

Meanwhile, we have instituted a series of experiments designed to 
eliminate any rema inin g doubt as to the structure of cellobiose. 
This disaccharide undergoes oxidation at its reducing position to 
give a monobasic acid designated cellobionic acid, and this com¬ 
pound can be formed only by opening of the ring of the reducing 
glucose component. The structure of cellobionic acid will thus be 
represented by formula (III) if (I) be accepted for the disaccharide, 
whilst (IV) will represent the acid if (II) be the structure of the 
disaccharide. It will therefore be seen that, in the two rival 
formulae for the acid, the position of the oxygen link connecting 
the two C 6 chains differs in that in (III) this link engages the 
carbon in position (4), and in formula (IV) it engages the carbon in 
position (5). 

We have been able to decide between these two alternative 
formulae by methylating cellobionic acid completely, and the 
product, which was methyl odamethylcellobionate , was then sub¬ 
mitted to hydrolysis. The cleavage products to be expected are 
seen to be different according as we accept formula (V) or formula 
(VI) as a correct representation of the methyl octamethylcellobionate. 
In addition to 2 : 3 : 4 : 6-tetramethyl glucose, the cleavage products 
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should contain a monobasic acid of the C§ series which, if formula (V) 
be correct, would be the y-hydroxy-aeid (VII); or if formula (VI) 
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be correct, tlie 5-hydroxy-acid (VIII). Since each of these acids is 
already known and has been fully characterised by one of us in 
earlier investigations, a way was opened up enabling us to reach a 
decision through identification of this essential product. It will be 
seen that an acid of formula (VII) would give on heating a 1:4- 
or y-lactone, recognisable as 2 : 3 : 5 : 6-tetramethyl gluconolactone, 
and similarly an acid of formula (VIII) would yield a 1 :5- or 
3-lactone, identifiable as 2:3:4: 6-tetramethyl gluconolactone; 
and since each of these lactones has been fully characterised 
and degraded by oxidation methods (Haworth, Hirst, and Miller, 
this vol., p. 2436), there can be no dubiety in assigning a 
final constitution to each of them, and therefore to cellobiose 
itself. 

When methyl octamethylcellobionate was hydrolysed with 
mineral acid, the cleavage products were isolated in an analogous 
manner to that described in recent papers on maltose (Haworth 
and Peat, J., 1926, 3094) and lactose (Haworth and Long, this vol., 
p. 544). Crystalline 2:3:4: 6-tetramethyl glucose was isolated 
(yield, 92-7% of the theoretical), and the acid product originally 
retained as the barium salt was regenerated and distilled as a lactone 
which crystallised, m. p. 26—27° (yield, 80% of the theoretical). 
This compound gave a phenylhydrazide of the corresponding acid, 
m. p. 135—136°, and the melting point was not depressed in 
admixture with the phenylhydrazide of 2:3:5:6-tetramethyl 
gluconic acid which had been prepared from (a) methyl octamethyl- 
maltobionate or methyl octamethyl-lactobionate or (6) 2 : 3 : 5 : 6- 
tetramethyl y-glucose (1: 4) (compare Haworth and Long, Haworth 
and Peat, locc . cit.}. 

Again, the above lactone was shown to be identical with 2 : 3 : 5 : 6- 
tetramethyl y-gluconolactone isolated from the sources (a) and (b). 
There was, therefore, no doubt that the tetramethyl gluconic acid 
which had been formed from methyl octamethylcellobionate was 
that represented by formula (VII), since the lactone referred to is 
indicated by formula (IX). The results furnish evidence which 
seems to us conclusive in favour of the formulation (V) for methyl 
octamethylcellobionate, and therefore, if this be accepted, and it 
be assumed that no displacement of the biose linking had occurred 
in any of these transformations, cellobionic acid should be expressed 
by formula (III) and cellobiose by (I). This experimental result 
substantiates the constitutional formula which had previously been 
advocated by one of us and serves to remove the need for any 
reservation in favour of formula (II). 

It should be noted in this connexion that, as indicated by Haworth 
and Peat (loc. cit.), maltose possesses the same structural formula as 
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cellobiose, the essential difference between these two bioses being 
that maltose is a glucose-a-glucoside and cellobiose a glucose- 
j3-glucoside. 

These experimental results are opposed to the views of Irvine 
(Chemical Reviews , 1927, 4, 216), who has perceived a difference in 
the positions of (a) the biose linking in maltose and cellobiose and 
(b) the oxide ring in each of these bioses (compare Irvine and 
Black, J., 1926, 869; Irvine and Macdonald, ibid., 1508; Irvine 
and Robertson, ibid., 1496). 

Experimental. 

Cellobiose octa-acetate (m. p. 223—225°), prepared as described 
by Haworth and Hirst (J., 1921,119, 193) from pure cellulose, was 
hydrolysed by alcoholic potash to give potassium cellobiosate, and 
a representative sample of the latter was converted into cellobiose 
having [a] D +24° (c = 3-33) (equilibrium value) (Maquenne, Bull. 
Soc. chim., 1904, 31, 854). The remaining portion of potassium 
cellobiosate was dissolved in a little water, and bromine was 
admitted, which speedily dissolved. The solution was kept in a 
stoppered bottle at room temperature for 10 days; it was then 
almost devoid of reducing action towards Fehling’s solution. The 
unchanged bromine was removed by aeration, followed by treat¬ 
ment with hydrogen sulphide. The colourless solution was shaken 
with finely ground litharge, filtered, then agitated in presence of 
silver oxide in the dark, and filtered. Hydrogen sulphide was 
again passed into the solution, and the excess of this gas removed 
by aeration. The clear solution was warmed gently for a day in 
presence of calcium carbonate, filtered, and evaporated to small 
bulk. This contained calcium cellobionate along with potassium 
bromide. 

Methyl Octamethylcellobionate. —The methylation of calcium 
cellobionate was carried out in a similar manner to that described 
in the case of the corresponding salt of maltobionic acid (Haworth 
and Peat, he. cit.), methyl sulphate and sodium hydroxide being 
used initially, followed by several treatments with moist silver 
oxide and methyl iodide, and finally by dry silver oxide and methyl 
iodide. The crude product at this stage was a yellow, mobile 
liquid (7*1 g.; OMe, 54*6%). This distilled under 0-05 mm. from 
a bath heated to 203°, and the first fraction (1*5 g.) of low boiling 
point was rejected. The major portion of the distillate (5*1 g.) 
was a pale yellow, viscid syrup, rdf 1*4604 (Found : OMe, 54*3%). 
The latter was again distilled under 0*05 mm., the first fraction 
(0*3 g.) being collected on heating the bath to 176°, and the main 
fraction (4*6 g.) distilled at 169—171°/0*05 mm. from a bath heated 
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to 192°. This product did not reduce Fehling’s solution and had 
1-4609, and the analytical data agreed with the formula of 
methyl octamethylcellobionate (Found : C, 52*0; H, 8*3; OMe, 54-3. 
CaiH^O^ requires C, 52-1; H, 8-3; OMe, 57-6%). 

Hydrolysis . The above product (3-1 g.) was dissolved in 100 c.c. 
of 7% hydrochloric acid, and heated at 80—90° until the specific 
rotation of the solution appeared to show no further changes. 
Mg’ + 5*4° (initial), + 32-1° (after 1 hour), 50-2° (2 hours), 54*6° 
(3 hours), 55*0° (4 hours; constant). At this stage finely divided 
barium carbonate was gradually added, and the solution aerated at 
50° to assist the neutralisation. After being kept over-night, the 
solution was filtered and evaporated at 40°/l6 mm. To the white 
residue, alcohol was added and distilled off under 16 mm. The 
dry solid was digested with boiling ether many times and the 
collected extracts were evaporated, leaving a syrup which crystal¬ 
lised in colourless needles. These were purified from light petroleum 
(weight, 1-5 g.; yield, 92-7%) and identified as 2:3:4: 6-tetra- 
methyl glucose by the following properties : m. p. 93—94°; mixed 
m. p. determination with a specimen prepared from methylated 
maltose, 93—94°; [a] 1 / in water (c = 2-02) + 99*9° (5 mins.), 
88-0° (30 mins.), 85*5° (1 hour), 83-0 & (2 hours; constant). 

The original white residue of barium salts from which the tetra- 
methyl glucose had been extracted was warmed to eliminate traces 
of ether, dissolved in water, and treated with a slight deficiency of 
dilute hydrochloric acid. The water was evaporated at 50°/15 mm. 
and finally the residue was heated at 60—80°/0*09 mm. for 2 hours. 
Repeated digestion of this dried residue with boiling ether yielded 
1-2 g. (80% of the theoretical) of a pale yellow syrup which distilled 
under 0-09 mm. from a bath heated to 119°, leaving only 0*1 g. of 
residue. 

Nucleation of the cooled distillate with 2:3:5: 6-tetramethyl 
gluconolactone (from methyl octamethyl-lactobionate; Haworth 
and Long, this vol., p. 547) resulted in immediate crystallisation; 
m. p. 26—27°, mixed m. p. determination 26—27° (with the specimen 
from which the nucleus had been taken) (Found : C, 51-2; H, 7-8; 
OMe, 51-4. Calc.: C, 51-3; H, 7-7; OMe, 53*0%). 

Phenylhydrazide of 2:3:5: §-Tetramethyl Gluconic Acid .—A 
specimen of the above lactone (0*16 g.) in contact with phenyl- 
hydrazine (1 mol.) dissolved in ether was heated on a water-bath. 
Crystals of the phenylhydrazide separated, m. p 135—136° (from 
benzene), mixed m. p. 135—136° [with specimens prepared from the 
2:3:5: 6-tetramethyl gluconolactone obtained from methyl octa- 
methylmaltobionate (Haworth and Peat, loc. cit.) and from 2:3:5:6- 
tetramethyl (y-)glucose (Charlton, Haworth, and Peat, foe. c&)} 
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(Found: C, 56*1; H, 7*65; OMe, 35-0; N, 8*45. Calc.: C, 56*1; 
H, 7*6; OMe, 36*3; 1ST, 8*2%). 

The authors are indebted to the Department of Scientific and 
Industrial Research for grants to two of them. 

University of Birmingham, 

Edgeaston. [Received, October 13 th 9 1927.] 


CCCLXXVIL —Substituted Diaryl Ethers. Part II. 
The Friedel-Crafts Reaction applied to Di-'p-tolyl 
Ether. 

By Joseph Reilly and Peter J. Drtjmm. 

Although there are two similar benzene nuclei in di-p-tolyl ether 
in both of which substitution may occur, the authors find that this 
ether yields only monoketonic derivatives in the Friedel-Crafts 
reaction. The condensation of di-p-tolyl ether proceeds more 
readily with phthalic anhydride than with benzoyl chloride, sub¬ 
stitution occurring in one position only; from benzoyl chloride more 
than one substance appears to be formed. 

Condensation of 2-hydroxy-5-methylbenzophenone-2'-carboxylic 
acid with -bromotoluene gives 2- o-carboxybenzoyldi-ip-tolyl ether 
(I), identical with the product of interaction between phthalic 
anhydride and di-p-tolyl ether. The formation of a 2-ketone in 
the latter reaction is what would be expected and is in line with 
the authors’ recent work on the nitration of di-jp-tolyl ether (this 
vol., p. 68) showing that the oxygen atom exerts the main orienting 
influence. 



The substance (I) has also been obtained by condensing £>-cresol 
with the ehloromethylbenzophenone-o-carboxylie acid which Heller 
and Schulke (Ber., 1908, 41, 3627) prepared from p-chlorotoluene 
and phthalic anhydride. Their ketone therefore has formula (III), 
not (11), the chlorine atom exerting a greater directive influ ence 
than the methyl group. 

The product obtained by heating (I) with concentrated sulphuric 
acid is, not an anthraquinone derivative, but 2 : 7-dimethylfluoran, 
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identical with that obtained by Drewsen (Annalen, 1882, 212, 341) 
from phthalic anhydride, p-cresol, and sulphuric acid; it gives 
2 : 2'-dihydroxy-5 : 5'-dimethylbenzophenone and benzoic acid on 
fusion with potassium hydroxide. 

Although Z-benzoyldi-^-tolyl ether (formula as I) has not been 
directly synthesised, its constitution as an ortho-substituted diaryl 
ether is indicated by the following facts. Its solutions in acetic 
and sulphuric acids are yellow and fluorescent, indicating xanth- 
hydrol formation through ring closure. From these solutions, 
9-phenyl-2:7-dimethylxanthen was isolated identical with that 
obtained by Feuerstein and Lipp (Ber., 1902, 35, 3255) by the dry 
distillation of 6 : 6'-dihydroxy-3 : 3'-dimethyltriphenylmethane. 

The conditions employed by Feuerstein and Lipp in preparing 
the phenyldimethylxanthen were so drastic that its constitution is 
not beyond doubt. Moreover, its formation from benzoyldi-p-tolyl 
ether in acetic acid—the change is more readily effected by boiling 
alcoholic hydrochloric acid—is difficult to understand. It seems 
to the authors that the substance may be a fluorene, 

C 6 H s Me<°>g 6 H a Me 

CH-6 6 H 4 

but to this view there is the objection that the molecule of such a 
substance would be in a state of considerable strain; the formula 
also shows linkage at a position (1 in the xanthen ring) which is 
not only sterically hindered but is also meta with respect to the 
oxygen atom. In support of the fluorene formula, however, may 
be quoted the following facts : (1) PhenyldL- a-naphthylcarbinol, 
on boiling with acetic acid, changes into phenyldi-a-naphtha- 
fluorene (Schoepfle, J. Amer. Chem. Soc., 1922, 44, 190); (2) Ull- 
mann and Mourawiew-Winigradoff (Ber., 1905,38, 2213), on heating 
diphenyl-a-naphthylcarbinol with an acetic acid solution of sulphuric 
acid, zinc chloride, or hydrochloric acid, obtained phenylekryso- 
fluorene. In offering the above suggestion, it is appreciated that 
phenyl groups exhibit less tendency than naphthyl groups to 
formation of fluorene linkages. 

It was not found possible to prepare the oxime from 2-o-carboxy- 
benzoyldi- 3 >-tolyl ether (I), and the phenylhydrazone was only 
obtained under drastic conditions. These appear to be cases of 
steric hindrance by substituents in the two ortho-positions with 
respect to the carbonyl group. 2-Benzoyldi-^-tolyl ether, under 
identical conditions, did not give a phenylhydrazone, the reaction 
proceeding in a different direction. 

Contrary to the generally accepted view that the reaction between 
benzoyl chloride and phenols in presence of aluminium chloride; 
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results in poor yields of hydroxybenzophenones unless the hydroxyl 
group has been previously protected (compare Fries and Finck, 
Ber., 1908, 41, 4276; Heller, Ber., 1913, 46, 1498), it is now found 
that with acetylene tetrachloride as solvent 2-hydroxy-5-methyl- 
benzophenone is obtained in good yield from p-eresol and benzoyl 
chloride. 


Experimental. 

2-o-Carboxybenzoy1di--$4olyl Ether (I).—A mixture of di-p-tolyl 
ether (8 g.) and phthalic anhydride (6 g.) was slowly added to 
anhydrous aluminium chloride (9 g.), covered with dry carbon 
disulphide and protected from moisture. After 12 hours, the pro¬ 
duct was poured on ice, the carbon disulphide and other volatile 
products were removed in steam, and the colourless residue was 
repeatedly dissolved in aqueous sodium hydroxide and precipitated 
by dilute acid. The product then crystallised from aqueous ethyl 
alcohol in long, hexagonal prisms (yield, 70%), m. p. 155° (Found : 
C, 76-2; H, 5*5; M } cryoscopic in naphthalene, 360. C 22 H 18 0 4 
requires C, 76*3; H, 5*2%; M, 346). 

Repetition of the above experiment, twice the quantities of 
phthalic anhydride and aluminium chloride being used, gave the 
same product, namely, 2-o-carboxybenzoyldi--p4olyl ether , in approx¬ 
imately the same yield, no diketonic derivative being isolated. 

Synthesis of 2-o-Carboxybenzoyldi-^4olyl Ether .—p-Bromotoluene 
(10 g.), the dipotassium derivative (10 g.; dried at 120° in a vacuum) 
of 2-hydroxy-5-methylbenzophenone-2'-carboxylic acid prepared by 
IIQmann’s method {Ber., 1919, 52, 2102), and a trace of copper 
bronze (Naturkupfer C, washed with ether to remove oily im purities) 
were heated in absolute-alcoholic solution in a sealed tube* for 
10 hours at 200°. The product was distilled in steam; unchanged 
p-bromotoluene passed over, followed by di-p-tolyl ether (1 g.). 
The residual oil was extracted with hot dilute sodi um hydroxide 
solution, the extract acidified, and the viscous precipitate obtained 
crystallised from acetic acid (80%); 2-o-carboxybenzoyldi-p-tolyl 
ether slowly separated in colourless prisms, m. p. 154—155°, 
identical with the ether described above. 

2-o-Carboxybenzoyldi-p-tolyl ether is readily soluble in glacial 
acetic acid, absolute alcohol or ether and very sparingly soluble in 
light petroleum (b« p. 60—80°) or water. It dissolves in concen¬ 
trated sulphuric acid to an orange solution exhibiting a greenish 
fluorescence; the colour is discharged on dilution with water. Its 
silver salt is sparingly soluble in water, but readily soluble in dilute 
aqueous ammonia (Found: Ag, 23*9. C^H^O^Ag requires Ag, 
23*8%), The ether, on fusion with potassium hydroxide, is decom- 
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posed into di-p-tolyl ether and phthalic acid. It unites with 
anhydrous aluminium chloride to give an orange-coloured solid. 

The formation of di-p-tolyl ether in the above reaction was at 
first suspected to result from hydrolysis of the 2-o-carboxybenzoyl- 
di-p-tolyl ether formed, but on heating p-bromotoluene and alcoholic 
potassium hydroxide under identical conditions di-p-tolyl ether was 
isolated in small quantity. 

2-o-Carboxybenzoyldi-j?-tolyl ether was recovered unchanged 
after being heated with hydroxylamine hydrochloride in strongly 
alkaline solution for 8 hours on the water-bath. The phenyl - 
hydrazone was obtained only by heating the ether (1 mol.) and 
phenylhydrazine (2 mols.) for 3 hours at 160—170°. The cooled 
product was extracted with very dilute hydrochloric acid; from an 
alcoholic solution of the residue, the phenylhydrazone separated in 
pale yellow needles, m. p. 156° (Found: N, 6*6. C^H^C^Ng 
requires N, 6*4%). 

Action of Sulphuric Acid on 2-o-Carboxybenzoyldi-p-tolyl Ether .— 
The ether (1 g.) and concentrated sulphuric acid (8 c.c.) were heated 
on a boiling water-bath for 3 hours. The solution was then cooled 
and mixed with ice, and the precipitate obtained was collected and 
digested with aqueous sodium hydroxide solution; the extract was 
purple, owing probably to the presence of an anthraquinone deriv¬ 
ative. The part insoluble in alkali was crystallised from absolute 
ethyl alcohol, 2 :7-dimethylfluoran being obtained in colourless, 
glistening prisms (yield, 90%), m. p. 254° (Drewsen, loc. cit., gives 
m. p. 246°) (Found : C, 80*6; H, 5*1. Calc, for C 22 H 16 0 3 : C, 80-5 ; 
H, 4*9%). 

The nature of this substance was established by fusion with 
potassium hydroxide at 220—240°. The dark yellow aqueous 
extract of the product was acidified and then boiled with sufficient 
alcohol to give a clear solution; on standing, yellow needles of 
2 : 2'-dihydroxy-5 : 5'-dimethylbenzophenone separated which, 
after one recrystallisation from alcohol, had m. p. 104—106°. 
Distillation in steam of the filtrate from the fusion product gave 
benzoic acid. 

Equal weights of 2 - o - car b oxy b enz oyldi -p -1 olyl ether and phos¬ 
phorus pentachloride were heated in benzene solution until evolution 
of hydrogen chloride ceased. To the cooled, light orange solution 
was added the same weight of anhydrous aluminium chloride; 
hydrogen chloride was then again evolved. The deep red solution 
was finally refluxed for a short time and poured on ice; the product, 
isolated in the usual way, was 2 : 7-dimethylfluoran. 

Constitution of Heller and Schulke’s Ketone (III).—A mixture of 
the potassium salt of Heller and Schulke’s ketone (toe. cit) (1 mol.) ? 
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potassium ^-tolyloxide (1*5 mols.), p-eresol (solvent), and a trace 
of copper bronze was slowly heated, with stirring, to 200°; at 160° 
potassium chloride separated. After being heated for an hour at 
190—200°, the product was dissolved in water, and the solution 
was extracted with ether, acidified, and extracted with chloroform. 
The chloroform was evaporated, and the residue dissolved in hot 
acetic acid (80%); 2-o-earboxybenzoyldi-^-tolyl ether slowly 
crystallised in short, colourless prisms, m. p. 153—154°. 

2-Benzoyldi~Tp4olyl Ether (formula as I).—The preparation from 
di-p-tolyl ether (7 g.), benzoyl chloride (5 g.), and aluminium 
chloride (12 g.) is very similar to that of the carboxylic acid (I) 
described above. The residue obtained after the steam-distillation 
set to a crystalline mass which separated from boiling, absolute 
ethyl alcohol in colourless, glistening rhombohedra (5*5 g.), m. p. 
185—186° (Found: C, 83*1; H, 6*3. C 21 H 18 0 2 requires C, 83*4; 
H, 6*0%). A viscous oil (4 g.) obtained from the mother-liquor 
resisted all attempts to crystallise it. 

A second experiment with di-p-tolyl ether (7 g.), benzoyl chloride 
(10 g.), and aluminium chloride (24 g.) was carried out under identical 
conditions, but the same monobenzoyl compound was obtained 
(7*8 g.) and no dibenzoyl compound was isolated. 

2-Benzoyldi--p-tolyl ether is readily soluble in chloroform, acetone 
or benzene, much less soluble in ethyl alcohol, and insoluble in 
light petroleum (b. p. 60—80°). It dissolves in concentrated 
sulphuric acid to a bright yellow solution with a green fluorescence; 
dilution with water discharges the fluorescence but not the colour. 
It combines with anhydrous aluminium chloride to form a bright 
orange solid which immediately decomposes in contact with water. 

Glacial acetic acid in contact with 2-benzoyldi-p-tolyl ether is 
coloured yellow; it becomes orange on heating and reddish-orange 
on boiling. On cooling, 9-phenyl-2 : 7-dimethylxanthen separates 
in colourless, glistening needles which, alone or mixed with an 
authentic specimen, melt at 195—196° (Found: by the micro- 
method, C, 87*8; H, 6*2; M , cryoscopic in camphor, 312. Calc, 
for C 21 H 18 0: C, 88*1; H, 6-3%; 3f, 286. Calc, for C 21 H 16 0 : 
C, 88*7; H, 5*6%; M t 284). The same xanthen was obtained 
when 2 -b enzoyldi -p -tolyl ether was heated with phenylhydrazine 
at 160° for 2 hours. 

2-Hydroxy-5-meihylbenzopkenone. —To ^-cresol (10 g.) and benzoyl 
chloride (14*1 g.), dissolved in dry acetylene tetrachloride and 
protected from moisture, anhydrous aluminium chloride (26*7 g.) 
was added during 1 hour. The mixture was then heated for 4 hours 
at 100—-110°, hydrogen chloride being copiously evolved. After 
cooling, the dark brown solution was poured into water, a dark oil 
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separating. On distillation in steam, acetylene tetrachloride passed 
over, followed slowly by a light yellow oil which quickly solidified 
and was highly pure 2-hydroxy-5-methylbenzophenone (yield, 80%), 
m. p. 84*5° (Cox, J. Amer. Chem. Soc ., 1927, 49, 1029, gives m. p. 
87°). 

2-p -Tolyloxy-5-methylacetophenone, prepared in the usual manner, 
was obtained as a red oil which was purified by distillation; the 
fraction, b. p. 320—340°, set to a crystalline solid which separated 
from alcohol in colourless, glistening plates, m. p. 168° (Found: 
C, 79*6; H, 7*0; M, cryoscopic in naphthalene, 251. C 16 H 16 0 2 
requires C, 80*0; H, 6*7%; if, 240). This ketone has the char¬ 
acteristic odour of acetophenone and is readily soluble in ether, 
benzene, or hot alcohol. It dissolves in sulphuric acid to a yellow 
solution. 

Addendum .—Since the above work was completed, a paper by 
Rosenmund and Schulz has appeared (Arch. Pharm. } 1927, 265, 
308), in which it is stated that the reaction between phenols and 
acid chlorides with aluminium chloride in nitrobenzene solution, 
giving phenolic ketones, is of general applicability. The unique 
behaviour of nitrobenzene is ascribed to its solvent action on the 
aluminium chloride complexes. Monohydric phenols react readily 
except when the p-position to the hydroxyl group is occupied. We 
have observed that acetylene tetrachloride also can be used as 
solvent in the preparation of phenolic ketones, and this holds even 
when the p-position to the hydroxyl group is occupied (e.g., the 
yield of 2-hydroxy-5-methylbenzophenone is 80%). 

■ Ujntversity College, Cork. [Received, September 5th, 1927.] 


CCCLXXVIIL —The Action of Alkalis on Clay . 

By Henry Bowen Oakley. 

In the study of the physical and chemical properties of soils, much 
attention has always been directed towards the clay fraction which, 
together with humus, is responsible for the colloidal properties of 
the soil, and is one of the most reactive components chemically. 

Although many diverse hypotheses have been put forward to 
account for the “ absorption 55 of bases by clay, the trend of modern 
opinion is to regard the action as chemical in nature, being due 
to the formation of insoluble aluminosilicates, as opposed to the 
hypothesis of “ physical absorption of ions,” which is still largely 
adopted in many branches of colloid chemistry. The view that 
clay acts as a weak acid towards alkalis is supported by the electro¬ 
metric titration curves of Bradfield (J. Amer . Chem, Soc^i 1923, 
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45, 2669), and is confirmed by the results presented in this paper. 
A fairly full bibliography on this subject is given by Bradfield 
(J. Amer . Soc. Agronomy , 1925, 17, 253). 

The clays used in this work were separated by sedimentation in 
0*05% sodium carbonate, flocculated by dilute hydrochloric acid 
(27/100), and purified to a high resistance by dialysis (Joseph and 
Hancock, J., 1924, 125, 1888). 

The Effect of the Concentration of Alkali on the Amount of Base 
removed from Solution by Clay .—The clay used in these experi¬ 
ments was jSTo. 10195 prepared from a heavy cotton soil: it was 
practically identical with No. 6640 (Joseph and Hancock, loc. cit.). 
10 C.c. samples of a 5% suspension were treated with different 


Fig. 1. 



Equivalents of base taken up by 1 g. of clay in the presence of 
N 12-chloride ; 1 % suspensions. 


quantities of standard alkali in centrifuge tubes. Water and a 
standard chloride solution of the appropriate base were added to 
make the total volume 50 c.c. and 27/2 with respect to the chloride. 
This treatment completely flocculated the clay. The tubes were 
centrifuged, and 25 c.c. of the clear, supernatant liquid were treated 
with excess of W/10-hydroehlorie acid and titrated back with 27/10- 
sodium hydroxide, as this procedure was found to give the sharpest 
end-point. Methyl-orange was used as indicator. A further 
portion was withdrawn for the determination in a Clark cell 
with a Leeds and Northrup potentiometer. From the change in 
concentration of the alkali, the amount removed by the clay can 
be calculated, since any soluble silicates or aluminates which may 
be formed behave in titration as free alkali. 
v The results are illustrated in Jigs. 1 and 2, The equivalents of 
base taken up per g. of clay are identical for sodium, potassium, 
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barium, and calcium up to an initial concentration of alkali of 
0*01A T , or an equilibrium of about 9; but with a further increase 
in the concentration of alkali the amounts taken up are in the 
increasing order sodium, potassium, barium, and calcium. The 
amounts of sodium and potassium taken up attain fairly constant 
values above a p R of 11, whereas barium and calcium show no such 
limit. This order is the same as that found for amorphous silica 
(Joseph and Oakley, J., 1925, 127, 2813), and suggests that the 
quantity of any base retained in the solid phase is partly deter¬ 
mined by the solubility or stability of the aluminosilicates and their 
products of decomposition with increasing concentrations of alkali. 

The Total Amounts of Sodium and Calcium Hydroxides neutralised 
by Clay .—That the quantity of bases removed in the solid phase 


Fig. 2. 



is closely connected with the solubility of the products of combin- 
ation is illustrated by the following results for calcium and sodium 
hydroxides, giving the total amount of alkali neutralised in the 
two cases. No chloride was added in this experiment, and a lower 
concentration of clay was used so that the necessarily dilute calcium 
hydroxide could be present in a greater excess than in the previous 
experiment. 

To determine the total sodium hydroxide neutralised, a series of 
p R measurements was made on caustic soda solutions of various 
strengths; the hydroxyl-ion concentrations were then calculated 
by subtracting these values of the from the values of Michaelis 
for log 1 IK W at the appropriate temperature (Clark, “ The Deter¬ 
mination of Hydrogen Ions/’ p. 29). These calculated values of 
the hydroxyl-ion concentrations were then plotted against the 
concentration of sodium hydroxide. In a similar manner, the 
concentration of hydroxyl-ions was calculated from the p R of the 
clay suspensions. The corresponding concentration of sodium 

• ■ • 50 : 
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hydroxide was read from the curve, and this value was subtracted 
from the original concentration of caustic soda added. The tem¬ 
peratures varied from 30° to 35°, but this was allowed for both in 
the calculation of the p R and in the subsequent calculation. The 
error in the determination of the total hydroxide neutralised may 
be as much as 10%. An exactly similar method was applied for 
calcium. The results are in the following table (compare Bradfield, 
Sail Sci ., 1924,17, 411). 

Total amount of calcium and sodium hydroxide neutralised by clay 
after standing 1 day. Concentration : 0-52% clay. 


Equiv, of alkali neutralised 

per g. of clay. Final 

Initial cone, of ,-'-s ,- A - 


hydroxide. 

Sodium. 

Calcium. 

Sodium. 

Calcium. 

0*036 

0*0018 

0*0027 

11*92 

11*81 

0*020 

0*0012 

0*0021 

11*67 

11*60 

0*008 

0*0010 

0*0012 

11*00 

10*75 


These results show that, although the total sodium hydroxide 
neutralised is about twice the amount taken up in the solid phase 
(compare Fig. 1), thus demonstrating the formation of soluble 
compounds, yet the amount of calcium hydroxide neutralised is 
still greater, although no soluble compounds are formed. This is 
shown by the fact that, for an initial calcium hydroxide concen¬ 
tration of 0*038 and a final of 11*93, the amount of calcium 
hydroxide neutralised per g. of clay, as calculated from the p H , 
was 0*0031, whereas that calculated from titration of the excess 
of alkali was 0*0032. (The concentration of the clay was 0*26%.) 

The compounds formed by silica and calcium hydroxide were 
also found to be insoluble, but in this case they were equivalent in 
amount to the total sodium compounds formed under the same 
conditions (Joseph and Oakley, he. cit.). 

The influence of the concentration of the sodium on the amount 
of base taken up by 1 g. of clay is illustrated by the following 
figures with various concentrations of chloride : 


Cone, of NaOH, G* 042*7; cone, of clay, 1%. 


Cone. ofNaCl . 

1*0 

0*5 

0*2 

0*1 

Na taken up (equiv. x 10 4 ) ... 

9-68 

9*56 

9*17 

9*15 

pE .... 

12-10 

12*16 

12*22 

12*25 


A comparison of the eflect of iV-solutions of chlorides on the 
amounts of sodium, potassium, and calcium taken up by 1 g. of 
clay is given in the following figures (equivs. x 10 4 ): 

Concentration of hydroxide. 

Chloride. 0-08A'-NaOH. O-Q&W-KOH. 0-0aN , -Ca(OH)j? 

0-02? 8-46 10-4 14-9 

1-0N 9-60 12-8 17-8 
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As had been previously found with silica, the addition of the 
chloride of the base to an alkaline suspension always increased 
the amount of base taken up. 

The removal of the base from solution by clay is very rapid. 
This is illustrated by the following figures for 1 g. of clay. 

Cone, of NaOH, 0-04N; cone, of NaCl, 0-5JV ; cone, of clay, 1%. 


Time . 10 mins. 1 hr. 3 hrs. 1 day 

Na taken up . 9*7 9*9 9*8 10*3 


The Relation between the Soluble and Insoluble Sodium Compounds 
with Clay .—In order to determine the relation between the soluble 
and the insoluble sodium compounds formed with increasing con¬ 
centrations of sodium hydroxide, a series of 0*5-g. samples of clay 
was treated with different concentrations of standard caustic soda, 
the volume being always 50 c.c. After standing for 1 hour, 10 c.c. 
were withdrawn for a p K determination. The remainder was 
filtered through a collodion filter and an aliquot portion of the 
clear filtrate was titrated with standard acid and alkali as before. 
The difference between the total amount neutralised (calculated 
from p R ) and the amount taken up (calculated from the titration) 
gave the equivalents of sodium neutralised in a soluble form. 
These results are in the following table. 

The amounts of sodium neutralised in the solid phase and in 
solution by 1 g. of clay after 1 hour. Concentration 
of clay, 1%. 


Initial 


Equivs. Na 
in solid 

Equivs. Na 
neutralised 

Ratio, 

cone, of 

Pb. at 

phase, 

in solution. 

Soluble/ 

NaOH. 

equilibrium. 

X 10 A 

X 10*. 

Insoluble. 

0*07 

12-33 

9*7 

7 

0*72 

0*04 

12-03 

9*7 

5 

0*51 

0*02 

11*60 

9*9 

2 

0-20 

0*01 

10*72 

8*1 

1 

0*11 

0*006 

9*77 

5*4 

0*6 

0*11 

0*004 

8*62 

3*9 

0*1 

0*02 


The amount of soluble sodium compounds formed is small until 
the p R exceeds 10*5, or until the concentration of alkali is greater 
than O-OLV * This is just the concentration at which the amounts 
of different bases taken up begin to diverge (Fig. 1). These results 
leave no doubt, I think, that the later process of the neutralisation 
of bases by clay at higher concentrations of hydroxide differs from 
the initial reaction at lov-' concentrations, in that the more con¬ 
centrated alkali begins to break down the clay substance, forming 

* In the case of silica, the amount of sodium in the solid phase is always 
very small compared with the total silicate formed (J., 1925, 127, 2816, 
Table IV). 
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silicates and aluminates. In the case of calcium, these are insoluble, 
and in the case of sodium, they are easily soluble, whilst potassium 
and bari um occupy intermediate positions. In one special experi¬ 
ment, the amount of lithium taken up by 1 g. of clay in the presence 
of 0*5A 7 -lithium chloride was 9-0 X 10~ 4 equiv. at a p H of 9-8, and 
the a mount for sodium under similar conditions was 9*5 x 10 -4 . 

At the lower concentrations of alkali (below 0-0LZV), the identity 
of the amounts of different bases taken up shows that these solubility 
relationships do not come into play, the compounds formed with 
any of the bases being equally insoluble. In this case, there appears 
to exist a direct reversible equilibrium between these insoluble 
compounds and the bases in solution, the equilibrium with alkalis 
having characteristics similar to those of a weak acid in true solution; 
this is indicated by the shape of the curves for sodium in Figs. 2 
and 4. 

From these curves it is seen that the clay acid is half converted 
into its sodium compound at about p R 8. If the laws of dissociation 
of a weak acid are applicable, this would mean that its dissociation 
constant is about 10~ 8 . Bradfield (J. Physical Chem. } 1924, 28, 
170), from the variation of the p R with concentration of a clay 
suspension, calculated a value of 3 X IQ -7 . 

Further evidence that clay behaves as an insoluble acid in direct 
equilibrium with the bases in solution is afforded by the liberation 
of acid when a neutral salt is added to clay, and by the fact that 
clay so treated hydrolyses on being washed with water, giving an 
alkaline solution. The equivalence of the exchange of bases when 
clay is washed with the salt of another base also supports the view 
that the reactions are purely chemical in nature {Trans. Faraday 
Soc 1925, 22, 251). The speed with which all these reactions 
take place and the influence of various electrolytes on the electro- 
kinetic potential and stability of clay suspensions (Oakley, J. 
Physical Chem., 1926, 30, 902) seem to indicate that the reactions 
are mainly ionic. The fact that clay, with its weakly acidic proper¬ 
ties, can remove some of the base from the salt of a strong acid, 
thus setting free this acid, also receives a natural explanation on 
the above view. 

In order to determine the composition of the material dissolved 
from the clay, 5 g. of clay were shaken with N /10-sodium hydroxide 
in the presence of N /2-sodium chloride, the volume being adjusted 
so that the concentration of the clay was 1 %. This was centrifuged 
and the clear supernatant liquid analysed for silica, alumina, and 
ferric oxide. This treatment was repeated four times for increasing 
periods of time with fresh additions of sodium hydroxide and 
chloride. Two further experiments were made with two separate 
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portions of the stock clay for periods of 1 hour and 3 days, respect¬ 
ively. The results are in the following table. 

Material dissolved from 1 g. of clay by N /10-sodium hydroxide in 
the presence of N /2-sodium chloride. Concentration of clay 
(No. 14637), 1%. 

A. Successive treatments on the same portion of clay. 


Time. 


Si0 2 . 

A1 2 0 3 + Fe 2 0 3 . 

Si0 2 /(A1 2 0 3 + Fe 2 0 3 ). 

5 mins. 


0-0050 

0-0046 

1-1 

1 hour 


0-0052 

0-0020 

2-6 

1 day 


0-0107 

0-001S 

6-0 

3 days 


0-0109 

0*0017 

6-4 


B. 

Treatment on two separate portions of clay. 

1 hour 


0-0065 

0-00466 

1-41 

3 days 


0-0115 

0-0044 

2-62 

Untreated clay 

0-475 

0-328 

1*44 

On the 

assumption that 

the soluble 

compounds formed are 


Na 2 Si0 3 and NaA10 2 , the sodium so combined is 2-8 x 10~ 4 and 
4*4 X 10 -4 equiv., respectively, for the last two experiments (the 
ferric oxide also was estimated in these cases). The value obtained 
from measurements after 3 days 5 standing was 4*5 X 10” 4 , 
and the sodium removed in the solid phase was 7-6 x 10~ 4 . The 
figures in the last column show that the proportion of sesquioxides 
rapidly falls in successive treatments with caustic soda, there being 
a higher proportion of sesquioxides in the first extract than in the 
clay itself. Another notable result is that the amount of material 
dissolved increases very slowly on prolonging the time of contact 
of the alkali with the clay, and this independently of whether the 
clay has had previous treatments with caustic soda or not. These 
results suggest that the material which goes into solution strongly 
inhibits further solvent action of the alkali. Since the concentration 
of the sodium hydroxide is reduced only by about 15% in the case 
of the initial treatments, and by about 5% in the other cases, the 
decreased rate of solvent action is unlikely to be due to diminished 
alkali concentration. 

The Effect of Sodium Hydroxide and Sodium Carbonate on the 
Viscosity of Clay Suspensions. —It was thought that the difference 
in composition of the material removed by the early treatments 
compared with that from the later treatments might indicate that 
this material was identical with the hypothetical “ layer of gel ” 
on clay particles, which, according to some writers, gives clay its 
peculiar plastic and water-holding properties {Brit. Assoc., 3rd 
Report on Colloid Chemistry, 1920, pp. 113—153). 

If this is the case, the viscosity of clay in caustic soda solution 
of strength sufficient to dissolve this layer should be markedly less 
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than the value for clay in the presence of alkali too weak to dissolve 
the layer, since the particle size should be greatly reduced by the 
former treatment. Complicating factors in the comparison are 
the state of flocculation, and the state of saturation of the c]ay with 
regard to sodium. The times of flow of 10% suspensions of clay 
in an Ostwald viscometer were determined in a thermostat at 35°. 
One series of measurements was made on suspensions containing 
varying amounts of sodium hydroxide, and a similar series was 
made with sodium carbonate. After these measurements had been 
completed, sodium chloride was added in amount sufficient to make 
its concentration N/2. The times of flow of the deflocculated 
suspensions could be accurately repeated, but when the clay was 
flocculated, the time rapidly decreased with successive readings 
until an approximately constant value was reached, but this rose 

Fig. 3. 


Viscosity oj 10% clay suspensions . 



again on standing. The latter measurements are therefore very 
rough. The suspensions were too thick for the determination of 
their p & ; they were therefore diluted to one-fifth of their original 
concentration, and the p R determinations were made on the diluted 
samples. If there was no buSer action, this dilution would decrease 
the value by 0*7 unit, but since both the clay itself and the 
material dissolved by the alkali exert considerable buffer action, 
it is safe to conclude that the effect of dilution would not reduce 
the p H by more than 0-3. The measurements were made on the 
suspensions after the addition of the sodium chloride. 

The times of flow are plotted against the p R in Fig. 3. The 
following data show the concentration of alkali added and the 
corresponding times of flow before the addition of sodium chloride. 
The time of flow of water was 10*4 seconds. [It is desirable to point 
out that the following figures cannot in any way be said to represent 
trw viscosity values, for two reasons : (1) The rate of flow of the 
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uncoagulated suspensions was so high as to cause turbulent flow; 
and (2) Poiseuille’s law is not obeyed by clay suspensions. Never¬ 
theless, the results are of interest in showing that the comparative 
££ thickness 55 of clay suspensions is affected differently by sodium 
hydroxide and by sodium carbonate.] 


Cone, of 

Time with 

Time with 

Cone, of 

Time with 

Time with 

NaOH or 

NaOH 

Na 2 C0 3 

NaOH or 

NaOH 

Na a C0 3 

Na 2 C0 3 . 

(sees.). 

(secs.). 

Na 2 C0 3 . 

(secs.). 

(sees.). 

0*01 

12*6 

12*3 

0*10 

16*5 

15*6 

0*02 

13*6 

12*7 

0*15 

15*4 

16*1 

0*03 

15*0 

13*6 

0*20 

16*2 

16*2 

0*04 

17*5 

14*7 

0*25 

19*2 

16*5 

0*05 

19*0 

15*0 

0*40 

48*0 

19*5 

0*07 

20*0 

15*0 

0*80 

43*0 

37*0 

0*08 

18*4 

15*3 





The results show that at corresponding p R values, the viscosity 
of clay treated with sodium carbonate is never greater than that 
of the clay treated with sodium hydroxide. The rapid rise in 
viscosity of the suspensions without sodium chloride at the highest 
values of the p E is due to the flocculation of the clay by the alkali. 
Since the amount of material dissolved by the sodium hydroxide 
will be far greater than that dissolved by the sodium carbonate 
(carbonic acid being strong enough to decompose silicates and 
aluminates), it follows that this dissolved material cannot have 
existed in the clay in a particularly bulky and gelatinous condition. 
If this had been the case, its removal would have had a marked 
effect on the viscosity as compared with the values in the presence 
of sodium carbonate. 

A striking feature of the results is that the curve for sodium 
hydroxide shows a maximum in viscosity between p R 8 and 10, and 
this maximum is enormously enhanced when the clay is flocculated 
with sodium chloride. There is a complete absence of this effect 
with sodium carbonate, which suggests that it is connected with the 
much greater solvent power of the hydroxide. The hypothesis 
which accounts for the facts is that the sodium hydroxide at certain 
concentrations, instead of actually dissolving some of the clay, 
forms a comparatively non-viscous sol with this material. The 
addition of sodium chloride coagulates this sol, forming a coagulum 
of a very gelatinous nature. At higher concentrations of sodium 
hydroxide, this sol dissolves and cannot be coagulated by sodium 
chloride. This explains (1) why the maximum is only slight with 
caustic soda alone, but very pronounced in the presence of sodium 
chloride, (2) why the viscosity of the coagulated clay again falls 
when excess of caustic soda is added, and (3) why sodium carbonate 
does not show the effect. 

This hypothesis is further supported by the fact that the clay 
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is more bulky with sodium hydroxide in the same range of p B 
values at which the maximum in viscosity is observed, and that 
the maximum is not shown by sodium carbonate. 

The following figures show the volume of 1 g. of clay ( i.e of 
the clay plus its interstitial water after 10 minutes’ centrifuging) 
after standing 1 day with various concentrations of alkali in the 
presence of A 7 /2-sodium chloride. 


pa Pa Pz Pa 

_'ll. tT.I _TT _ 7 _"V7~l 



JrB- 

with 

Vol., 

Jr a. 

with 

Vol., 


J'O. 

with 

Vol., 

jrn- 

with 

Vol., 

Cone. 

NaOH. 

c.c. 

Na 2 C0 3 . 

c.c. 

Cone. 

NaOH. 

c.c. 

Na 2 C0 3 . 

c.c. 

0*0 

4*0 

4*1 

— 

.— 

0*1 

12*3 

5*1 

8*3 

4*1 

0*02 

7*6 

4*0 

— 

— 

0*2 

12*9 

4*7 

8*8 

4*3 

0*03 

8*0 

5*4 

— 

— 

0*3 

13*1 

4*4 

9*0 

4*2 

0*04 

9*5 

5*7 

— 

— 

0*5 

13*3 

4*2 

10*2 

4*3 

0*05 

11*1 

5*5 

8*1 

4*0 

1*0 

13-6 

4*1 

10*4 

4*5 

0*07 

12*2 

5*3 

— 

— 







The fact that the clay without sodium hydroxide occupies the 
same volume as the clay in the presence of N-hydroxide affords 
further evidence that the material dissolved by the alkali is not 
specifically more bulky than the rest of the clay material. 

Finally, the fact that the imbibitional water of the clay was 
unaltered by the prolonged treatment with sodium hydroxide 
points to the same conclusion. This water is the volume of water 
retained by 100 c.c. of the clay less the volume of xylene retained 
by the same elay after centrifuging for 40 minutes under a force of 
1000 times gravity (compare Fisher, J . Agric. ScL, 1924,14, 204). 
It was determined on the original clay (1) after drying with the 
addition of 9 c.c. of NJ 10-sodium hydroxide per g. of clay, and 
(2) on the clay left over after the four successive treatments with 
caustic soda described previously (p. 2825). This was washed until 
it was deflocculated and then collected on a collodion filter. Separ¬ 
ate determinations were made, water and N -sodium chloride being 
used as the wetting liquids. 

Imbibitional water of clay No. 14637. 

Water. AT-NaCl. 


(1) 9 X 1(H eqmv, Na/g. 251 103 

(2) Prolonged HaOH treatment . 248 104 


A Comparison of the Properties of a Synthetic Aluminosilicate 
and of Clays,— Although, in the comparison of different soil clays, 
some degree of correlation can be traced between base-absorbing 
capacity and certain colloidal properties such as heat of wetting, 
imbibitional water, and general clay-like properties, yet it is equally 
true that a substance having a composition similar to clay, a fair 
imbibitional water content, and a very large base-absorbing capacity 
may, nevertheless, show clay-like properties only to a very small 





OAKLEY : THE ACTION OF ALKALIS ON CLAY. 


2829 


extent. This is well illustrated by the following experiments on a 
synthetic aluminosilicate. This was prepared (see de Sigmond, 
Proc. 4&h Inter. Confer. Pedology , 1924, 2, 434) by mixing solutions 
of sodium aluminate and sodium silicate (both Nj 10 with regard 
to sodium; Na 2 0 : Si0 2 = 1 : 2) in such proportion that the mole¬ 
cular ratio Si0 2 : A1 2 0 3 = 3:1. Under such conditions, as de 
Sigmond has shown (loc. oil .), almost complete precipitation takes 
place of the compound 3Si0 25 Al203,Na 2 0,3H 2 0. When the p K of 
the mixture was progressively altered by the addition of different 


Fig. 4. 



Equivalents of sodium taken up, XlO*. 

Full curve: 1/2000 mol. (0*17 g.) of synthetic aluminosilicate in 50c.c. 

Dotted curve : 1 g. of clay No. 14637 ; 1 % suspension. 

amounts of standard hydrochloric acid, the amount of sodium 
retained by the compound varied with the p R in a manner rather 
similar to that in the case of clay (Fig. 4). This very highly 
gelatinous compound was washed several times by decantation 
after centrifuging, and evaporated to dryness on a water-bath 
with frequent stirring to cause the formation of small aggregates. 
It was then dried at 100° and subjected to a process of alternate 
grinding in a wet condition in an agate mortar and sedimentation. 
The product was kept for 4 weeks with iV'/100-hydrochloric acid, 
the acid being renewed at intervals. It was then washed by 
decantation and centrifuging until it deflocculated and the specific 
resistance of a 1% suspension was 13,000 ohms. The alternate 
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grinding and sedimentation was then repeated, but even after this, 
most of the material sedimented within 8 hours, so that it was still 
much coarser than clay, which may be stable for months. This 
material on standing developed an alkaline reaction (p R 8). The 
following table compares the imbibitional water and the behaviour 
towards sodium and calcium hydroxides of this substance with 
the same properties of different clays and silica as given by Joseph 
(J. Agric . ScL, 1927,17, 14). 



Na taken up 
in solid 
phase : 
0*6^-NaCl+ 

Total NaOH 
neutralised 
(0-08AT- 

Ca 

removed 
in solid 

Imbi¬ 

Sample 

0-04N-NaOH 

NaOH; 

phase 

bitional 

No. 

Description. (1% clay). 

1% clay). 

(0*3% clay). 

water. 

14637 

Gezira. 10*0 x lO" 4 

12 x lO" 4 

30 x 10- 4 

143 

I011S 

Kaolin. 0*0 

0-0 

1 

5 

13107 

Mongalla (red). 3*1 

19 

22 

54 

— 

Bentonite. 7*6 

20 

36 

362 

— 

Synthetic almnino- 24 

40 

51 

74 

_ 

silicate. 

Amorphous silica. 4 

About 70 

About 70 

40 

10120 

Ball clay. — 

— 

— 

40 


The synthetic product is remarkable for its high sodium-absorbing 
capacity. All the clays neutralise more calcium than sodium 
hydroxide. This may be connected with the fact mentioned by 
Vernadsky {Rep. Brit. Assoc., 1923, 435) that it is a general property 
of zeolites to form additive compounds with calcium hydroxide. 
The synthetic material shows a marked contrast with kaolin both 
in its reactions with bases and in its imbibitional water. It retains 
13% of moisture at 150°, in this respect also resembling clays. 
Kaolin has been prepared synthetically by Schwarz and Walcker 
(Z. anorg. Ohm., 1925,145, 304) by precipitating silicic acid with 
aluminiu m chloride in an acid medium. 

Although the first-mentioned synthetic aluminosilicate resembled 
clay in some important respects, yet its physical properties, as 
exemplified by its plasticity in the hand, showed that this most 
characteristic property of clay was only present to a very limited 
extent—possibly this may be due to the coarseness of its particles . 
Notwithstanding that bentonite is by far the most highly colloidal 
clay-like substance known, yet it takes up less sodium than the 
Gezlra clay, whilst silica, which has no clay-like properties, takes 
up more sodium than the Mongalla clay. The sodium absorption 
of these substances is therefore not necessarily related to their 
colloidal properties or to the fineness of division of their particles. 

Summary. 

1. Clay which has been purified after a mild acid treatment 
takes up equivalent quantities of bases up to a p R of about 9. 
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When the is greater than this, the amounts removed are in 
the order lithium<'sodium < potassium < barium < calcium. These 
amounts are increased by the presence of neutral salts of the metals. 

2. The amount of sodium hydroxide neutralised in the form of 
soluble compounds is negligible until the p R is above 9, but increases 
rapidly when the alkalinity is greater than this. 

3. These results, taken in conjunction with evidence from else¬ 
where, are accounted for on the supposition that clay is an insoluble 
or a colloidal weak acid in direct equilibrium with bases in solution, 
the salts formed with the various bases being equally insoluble; 
but unless the alkali is very dilute (p R — 9), the clay begins to 
break down, giving silicates and aluminates. With sodium these 
are easily soluble, and with calcium they are insoluble, whilst 
barium and potassium occupy intermediate positions. 

4. About 1% of the clay was immediately dissolved by Nj 10- 
sodium hydroxide, but this amount was only slightly increased on 
prolonged standing. Eenewal of the alkali, however, rapidly 
caused the dissolution of 1% more. The ratio of silica to sesqui- 
oxides in solution increased from 1 to 6 in four successive treat¬ 
ments. The hnbibitional water of the clay was unaltered by the 
above treatment. 

5. The viscosity and specific volume of coagulated clay show 
pronounced maxima between p R 8 and 10 with caustic soda, but 
not with sodium carbonate at the same p K values. 

6. In base-absorption, water-retention, and imbibitional water 
a synthetic aluminosilicate showed considerable analogy with 
clay, although the material was comparatively coarse and was 
only slightly “ clay-like ” to the touch. Large sodium absorption 
by aluminosilicates does not necessarily indicate highly developed 
colloidal properties or a particularly fine state of division. Com¬ 
parisons are made between three different clays—kaolin, silica, and 
bentonite. 

Wellcome Tropical Research Laboratories, 

Khartoum. [J Received, May 23 rd, 1927.] 


CCCLXXIX .—On Active Nitrogen. Part IV. The In¬ 
dependence of the Afterglow and the Chemical 
Properties of Active Nitrogen. 

By Eric John Baxter Willey. 

Since the discovery by the present Lord Bayleigh (Strutt, Proc . 
Boy. Soc. y 1911, Ay 85, 219) that nitrogen which has been subjected; 
to the action of a condenser discharge at low pressures, shows both. 
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an afterglow and chemical activity, there has been much discussion 
as to whether this active modification of the element is (a) atomic, 
(6) molecular and metastable, or (c) triatomic. The evidence for 
each of these views may shortly be summarised : 

(a) (i) The decay process of the glow follows a bimoleeular law 
(Angerer, Physikal. Z., 1921, 22, 97). 

(ii) An analysis of the banded afterglow spectrum (Birge, Nature , 
1926, 117, 80), critical potential measurements in connexion with 
this (Sponer, Z. PhysiJc , 1925, 34, 622), and observations upon the 
spectra excited by active nitrogen (Mulliken, Physical Rev., 1924, 
23,259,767; 1925, 26,1) lead to the view that the energy associated 
with this glowing gas is of the order of 200,000—250,000 cals./g.-mol. 
(10—12 volts). 

(b) Saha and Sur (Phil. Mag., 1924, 118, 421) consider that the 
spectroscopic evidence indicates a metastable molecule of heat 
of formation 190,000 cals./g.-mol. 

(c) Trautz (Z. Elektrochem., 1919, 25, 299), from mathematical 
considerations, favours a triatomic molecule with a heat of form¬ 
ation of 5,000—10,000 cals./g.-mol. 

The consensus of opinion regards active nitrogen as possessing a 
high heat of formation and its existence as due to atomic recombin¬ 
ation, an excited or metastable and chemically reactive molecule 
thus being produced. 

In Parts I, II, and HI of this series (J., 1926, 1804; this vol., pp. 
669, 2188), evidence has been presented for the view that the energy 
of active nitrogen is 45,000 cals./g.-mol. (2 volts), and deductions 
from the spectra excited by active nitrogen have* been criticised 
on the ground that chemiluminescence has not been sufficiently 
considered as a possible means of production of these luminous 
phenomena (Nature, 1926, 118, 735). Efforts recently made 
(Buark, Foote, Rudnick, and Chenault, J. Opt. Soc . Amer., 1927, 
14, 17) to answer these objections are unsatisfactory, since the 
calculations made here are based upon mercurous azoimide, HgN 3 , 
and not upon the substituted ammonias, Hg 3 N 2 and Hg 3 N, which 
are the products of the reaction between active nitrogen and mercury 
vapour. 

Thus we are left to reconcile two entirely different views on the 
energy and nature of active nitrogen, each supported by abundant 
experimental evidence, and as a tentative explanation it was 
suggested (Part II) that active nitrogen might emit its energy in a 
series of 45,000-eal. (2-volt) stages. 

Early in 1925 it had been felt that certain seemingly inconsistent 
observations upon active nitrogen could best be explained by the 
theory that two luminous forms of the element were concerned, 
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differing both in chemical activity and in nature, but as this view 
led to the assumption of a possible change in the spectrum of the 
glow during decay, owing to the transformation rates of the two 
species not being the same, the hypothesis was for the time being 
abandoned. Dr. H. W. B. Skinner has recently suggested to the 
author that the discrepancy in these two sets of experiments can 
be overcome if we do not regard the chemically active nitrogen as 
luminous at all, but ascribe all the luminous phenomena (if this 
be possible upon the basis of available experimental evidence) to 
the effects of a few atoms produced at the same time as the former 
substance. This theory has, it is believed, been completely verified, 
for it has been found that the destruction of the glow by a second 
weak discharge and also by heat, noticed by Lord Rayleigh, is not 
accompanied by any decomposition of the chemically active nitrogen; 
furthermore, activity can be produced in the gas by the use of a 
discharge which does not give rise to any glow. 

Experimental. 

First Method .—Lord Rayleigh has shown ( Proc. Boy. Soc., 1916, A, 
92, 438) that when a stream of glowing nitrogen is drawn through a 
second and weak discharge, the glow is completely or very largely 
destroyed, and it appeared possible that this second discharge 
might prove fatal to the luminous nitrogen without affecting the 
chemically active modification which is, ex hypothesis also present. 
This possibility was tested in the following manner. 

Nitrogen, purified as described in Part I, was drawn at 10 mm. 
pressure and a constant speed (1—3 litres/hr., at N.T.P.) through 
the discharge tubes A and B and the test chamber P to exhaust at 
D (Fig. 1). The aluminium electrodes El, E2, E3, and E4 were 
held in position by rubber sleeves and their relative positions so 
adjusted that the distance between E2 and E3 was 1| times the 
distance between E3 and E4. Projecting into the test chamber P 
were two identical and carefully calibrated thermometers, T1 and T2, 
the bulb of the former being coated with a small and closely adherent 
piece of oxidised copper gauze, while the latter -was bare. It was 
found in calibration experiments that, when active nitrogen was 
drawn through the apparatus, the glow was extinguished at the 
surface of the copper oxide, and that the rise in temperature shown 
by Tl above that indicated by T2 was strictly proportional to the 
concentration of active nitrogen at the position of the bulb of Tl, 
this concentration being determined by means of nitric oxide, as 
described in Part I. This heating effect in Tl is obviously due to the 
catalytic decay of the active nitrogen at the copper oxide surface 
(compare Part III), as was proved by warming the .tubes A and B 
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by small flames while a stream of inert nitrogen was drawn through 
the apparatus; the temperatures recorded on Tl and T2 were then 
identical. 

The difference in temperature between Tl and T2 is thus a 
measure of the concentration of active nitrogen in the gas. A strong 
discharge, capable of developing the afterglow, was maintained in A 
from the coil, condensers, and spark gaps connected as shown, and a 
weak direct induction coil or transformer discharge from another 
circuit could, if desired, be run in B. 

Lord Rayleigh’s observation as to the destruction of the afterglow 
in these circumstances was confirmed, no luminosity being visible 
in the gases emerging from B when a weak discharge was maintained 


Fig. 1. 



between E3 and E4. (Any tendency for the auxiliary discharge 
to wander and pass between E2 and E3, E2 being connected to 
earth, was overcome by the electrode-spacing arrangement already 
mentioned.) 

It was found, however, that provided too strong a discharge was 
not employed in B, the concentration of active nitrogen as measured 
on Tl and T2 did not change appreciably, in spite of the complete 
destruction of the glow by the auxiliary discharge; too strong a 
discharge in B destroyed both the glow and the chemical activity 
(Table I); The conditions necessary for the retention of the latter 
were best realised in practice by means of a discharge from a small 
transformer run off the 100-volt A.C. mains and provided with a 
series resistance of 825 ohms in the primary; the secondary current 
was then about 0*1 milliamp. (R.M.S. value) at 500 volts. The same 
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Table I. 


No. 

No. of 
observ¬ 
ations. 

Tl. 

T2. 

Flow speed 
of gas at 

13 mm. 
press. 

T1-T2. (c.c./hr.). 

Auxiliary 

trans¬ 

former 

discharge. 

Effect on 
afterglow. 

1 

9 

1*6° 

1*2° 

o 

O 

— 

Coil. 

Completely 

2 

8 

1-0 

1*0 

0*0 


Weak. 

extinguished. 

99 99 

3 

15 

1-0 

1*0 

0*0 

— 

»> 

99 99 

4 

11 

0*9 

0*9 

0*0 

— 

» 

99 11 

5 

17 

2-7 

1*3 

1*4 

2800 

Medium. 

99 99 

6 

8 

4-3 

0*6 

3*7 

3000 

Strong. 

99 99 

7 

10 

2-9 

0*4 

2*5 

— 

9* 

99 99 

8 

10 

0-8 

0*6 

0*2 

1900 

Weak. 

99 91 

9 

12 

2*0 

0*8 

1*2 

2000 

99 

99 99 

10 

12 

2*1 

0*7 

1*4 


Medium. 

99 99 

11 

12 

2-1 

0*6 

1*5 


99 

99 99 


effect could be produced by the use of a direct coil discharge in B, 
but on account of the difficulty in regulation, the transformer was 
more generally used. 

Furthermore, whilst in some cases a decrease in the concentration 
of active nitrogen was noticed, this was by no means comparable 
with the complete or almost complete destruction of the afterglow, 
and hence it appears that there is no simple relation between the 
intensity of the afterglow and the amount of chemically active 
nitrogen present. 

Second Method .—In view of the comparatively insensitive nature 
of this device for detecting and determining the active nitrogen, the 
experiments were repeated, the estimations being carried out with 
nitric oxide; the other experimental arrangements remained 
unaltered. The technique of this method has been considerably 
improved and a short account of it may be given. 

The nitrogen from the discharge tube B entered the reaction 
chamber at E (Fig. 2), and at N an inlet was provided for the nitric 
oxide, regulation of this gas being effected by means of the capillary 
choke at C and the tap S5. (The nitric oxide was prepared by 
dropping a solution of sodium nitrite into an acidified solution of 
ferrous sulphate, and was dried by phosphorus pentoxide.) The 
gases then passed to exhaust via the two-way tap SI, the condensing 
trap Rl, and the second two-way tap S2. The system S3, R2, and 
S4 was identical with and parallel to the circuit just described. 
One side of SI and S3 was connected to a supply of pure, dry 
hydrogen, and S2 and S4 were connected to exhaust and also to a 
train of absorption bulbs for the determination of the nitrogen 
peroxide. Hence, by the use of these two condensing systems, 
continuous estimations of the concentration of active nitrogen can 
be made without stopping the apparatus; the nitrogen peroxide. 
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produced by the action of the active nitrogen upon nitric oxide 
condenses in El (or E2), which is cooled by liquid air. At the 
end of the experiment the gas stream is diverted to the other con¬ 
densing system, the contents of El are allowed to warm to room 
temperature, and then blown by means of hydrogen (admitted at SI) 
through a train of absorption bottles containing a 10% solution 
of potassium iodide, the current of gas being maintained for some 
20 minutes in order to clear the last traces of nitric oxide from the 
solution; the iodine is then titrated by means of standard sodium 
thiosulphate solution and the concentration of active 2 iitrogen 


Fig. 2. 



Table II. 


% Active nitrogen. 


Ho. of 

(1) main 

(2) main-f auxil¬ 

Difference 

Auxiliary 

transformer 

expts. 

discharge. 

iary discharge. 

(2) - (1). 

discharge. 

5 

0-90 

1*20 

0*30 

Weak. 

4 

2-30 

2*50 

0*20 


4 

1*70 

1*70 

0*00 


4 

1-75 

2*00 

0*25 


5 

1*40 

1*30 

-0*10 

Strong. 

7 

1*86 

1*75 

-0*10 


5 

1*15 

1*30 

0*15 

Weak. 

8 

1*30 

1*30 

0*00 

99 


calculated as already described {Part I). The results of these 
experiments are given in Table IE, and it will be noticed that, whilst 
in some cases the concentration of active nitrogen has diminished, 
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yet in other cases it has increased when the second discharge is 
employed. Since in every case the destruction of the glow is com¬ 
plete in the gases issuing from the auxiliary discharge, it appears 
that the results already obtained are confirmed, and that it is 
possible by this method to destroy the glow and yet retain the 
chemical properties of active nitrogen. 

Third Method .—It was felt that these observations could be 
made still more convincing if a stream of non-luminous but chemically 
active nitrogen could be obtained by a single operation, and in 
view of the known production of active nitrogen in the arc, where 
none of the luminous phenomena connected with active nitrogen 
are to be seen (Willey, J. Soc. Chem. Ind., 1924, 43, 260), it was 
decided to study the effect of the uncondensed discharge upon 
nitrogen. 

For this purpose, the apparatus employed was as in Fig. 2, except 
that the tubes A and B were replaced by another discharge tube 
with water-cooled Armco electrodes. The discharge was obtained 
from a rotary converter and transformers and took 10—20 milliamps. 
at 2000—3000 volts; in these circumstances, the emergent gases 
showed no perceptible luminosity but contained a considerable 
quantity of active nitrogen (Table III). No traces appeared here 

Table III. 

Series . 1 2 3 4 5 6 7 

No. of expts. 6 6 4 6 5 3 5 

% Active nitrogen ... 0-84 0-98 1-28 0-64 0*85 1*52 1-52 

of the green flame usually to be seen where nitric oxide enters a 
stream of glowing nitrogen, and hence we must conclude that most 
probably this particular development of luminosity is independent 
of the actual chemical reaction in progress (compare Lord Rayleigh, 
Proc. Roy. Soc., 1911, A , 86, 56). Furthermore, strong indications 
of the presence of active nitrogen were obtained by the use of the 
two-thermometer device already described. 

Fourth Method .—The methods of extinguishing the luminosity 
of the active nitrogen have hitherto been electrical in nature, and 
it is obviously of importance that other means should be attempted 
in order that a satisfactory mechanism may be formulated for the 
glow-destruction process. Lord Rayleigh has shown {Proc. Roy . 
Soc., 1911, A, 85, 219) that, when a stream of glowing nitrogen is 
drawn through a tube which is heated, the luminosity ceases at the 
hot portions and reappears in the colder parts if the temperature 
is not too high; if the tube be heated too strongly, however, the glow 
is not restored at all, and it was thought advisable to study this 
phenomenon in the light of the present observations, > 
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The apparatus employed is as in Tig. 2, except that the auxiliary 
discharge tube was replaced by a U-tube of some 10" over-all length 
and £" internal diameter; determination of the active nitrogen 
was made with nitric oxide as before. The U-tube was immersed 
in an electrically heated bath of heavy paraffin; for temperatures 
above 250° the paraffin was replaced by a mixture of sodium and 
potassium nitrates. 

When a stream of glowing nitrogen was drawn through the 
apparatus at a rate of 2000 c.c./hr. and 10 mm. pressure, the 
luminosity was considerably enhanced as the temperature of the 
bath was raised from 20° to 80°; from this point to about 225° no 
appreciable change in intensity was noticed, but at 235° the lumin¬ 
osity began to decrease in the gas entering the detection chamber, 
at 250° the effect was pronounced, and at 300—320° the gas lost 
all glow. Contrary to the observations of Lord Rayleigh, the glow 
did not as a rule reappear beyond the hot zone when once it had 
been destroyed, although a 2-litre chamber was provided in the 
exhaust line in order that this point might be examined; in some 
cases, however, his observations were confirmed, and it appears that 
the nature of the hot surface is a very important factor in this 


connexion. 

No. of 
Series. expts. 

Table IV. 

Temp, of 

bath. Glow. 

% Active 
nitrogen. 

1 2 

15° 

Strong. 

0*64 

2 

80 

Slightly enhanced. 

0-73 

I 

139 

it it 

0*64 

1 

257 

if if 

0*66 

1 

252 

if it 

0*69 

2 a 

15 

Strong. 

0*71 

3 

330 

Practically extinguished. 

0*71 


Determinations of the active nitrogen in these experiments showed 
(Table IV) that, in spite of the alterations in the degree of luminosity, 
the concentration of the active gas remained sensibly unchanged 
throughout. 

Discussion . 


The experiments just described provide, it is thought, not only 
a fairly complete solution to the difficulty in reconciling spectro¬ 
scopic and other optical work upon active nitrogen with the observ¬ 
ations made upon the same subject in this laboratory, but also 
an explanation of certain phenomena alluded to by Lord Rayleigh 
and others. 


Just before these experiments were completed, Bonhoeffer and 
Kaminsky (Z. MhMrochem 1926, 32, 536) showed that the con¬ 
centration of active nitrogen (measured chemically) and the intensity 
of the glow are not simply related to one another, at least four 
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terms being necessary in any expression connecting these two 
quantities. Details of their experimental procedure are not avail¬ 
able, but the present work is in complete agreement with theirs. 
It may also be noticed that Koenig and Elod (Ber. } 1914, 47 , 
516) suspected that the presence of a glow was not a necessary 
criterion of chemical activity in nitrogen, but here again no experi¬ 
mental evidence was adduced. Furthermore, Lord Rayleigh has 
stated that “ there does not appear to be any close or necessary 
connexion between the luminous phenomena associated with active 
nitrogen and the chemical ones” (J., 1918, 113, 200; see also 
Proc. Boy . Soc., 1913, A , 88, 539). It appears that we must decide 
between two theories for an explanation of these phenomena : 

(i) Active nitrogen may be regarded as a homogeneous substance 
which emits its energy in two or more stages, one of these being 
invariable and giving rise to the chemical activity, and the other 
or others being capable of modification so that the residual energy 
may be lost either as ultra-violet radiation or by an increase in the 
kinetic energy of the molecule. Saha and Sur ( loc. cit.) regard the 
visible or a-radiation of the afterglow as secondary (the primary 
band in nitrogen lying in the vicinity of X = 1400 A.U.); it is 
possible therefore that some influence might lead to suppression of 
these oc-bands and a corresponding development of other parts of 
the spectrum without affecting the chemical activity. 

(ii) The whole of the observations and measurements which have 
been made with regard to active nitrogen can, in the author’s 
opinion, be much more readily explained if it is assumed that the 
luminous and chemically active forms are quite distinct, although 
usually coexistent. The multiplicity of ionised and excited bodies 
produced by the discharge in any gas renders this quite likely, and 
examples are known of the formation under these conditions of 
more than one active form of an element, e.g., the active oxygen, 
distinct from ozone, of Koenig and Elod (loc. cit), and the mono-, 
di-, and tri-atomic forms of hydrogen, all chemically active, whose 
existence has been claimed severally by Bonhoeffer (Z. physikal. 
Chem., 1924, 113, 199; 1925, 116, 114, 391; 1926, 119, 474; Z. 
Elektrochem., 1925, 31,521), Phipps and Taylor (Physical Rev., 1927, 
29, 309), and Wendt and Landauer ( J . Amer. Chem. Soc., 1922, 
44 , 510) * 

* It may be suggested that differences in the reactions of active hydrogen 
reported by certain of these investigators, e.g the formation of ammonia 
with nitrogen, noticed by Wendt and Landauer (loc. cit.) and denied by 
Bonhoeffer (loc. cit.; see also Paneth, Klener, and Peters, Z. Elektrochem 
1927, 33, 102), may be due to differences in their experimental conditions 
leading to the formation of different substances : the chemical activity of 
H, H a , and H 8 is not likely to be the same. 
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If this view is adopted, it is apparent that the difficulties discussed 
earlier are overcome, since the observations of an active nitrogen 
made by spectroscopists and by workers in this laboratory have 
really been upon different modifications of the same element. The 
author now suggests that active nitrogen consists of a mixture of 
(i) metastable molecules with a heat of formation of ca. 45,000 
cals./g.-mol. (2 volts), which are exclusively responsible for the 
chemical activity, and (ii) a much smaller proportion (probably of 
the order of 10~ 7 ) of atoms which upon recombination produce high- 
level excited molecules, the energy set free, equivalent to 200,000— 
250,000 cals./g.-mol. (10—12 volts) being liberated as radiation; 
all the luminous phenomena and excitation of spectra, with the 
possible exception of certain cases of chemiluminescence arising 
from reactions of the 2-volt metastable molecules, are to be ascribed 
to this second constituent. 

The decay of the afterglow follows a process which is bimolecular 
only with respect to the atoms, but is in reality a ternary reaction, 
for it has been shown (Herzfeld, Z. Physik, 1922, 8, 132; Polyani, 
ibid., 1920, 1, 337; Bom and Franck, Ann. Physik , 1925, 76, 255) 
that, when two atoms recombine to form a diatomic molecule, the 
presence of a third body is nearly always necessary in order that 
considerations of the conservation of energy and momentum shall 
be satisfied. Such a view would presuppose a relation between the 
total pressure of the gas and the rate of decay of the afterglow; 
this has actually been observed by Lord Rayleigh (Proc. Boy. Soc., 
1916, A, 92, 438) and studied by the present author, and it is hoped 
to publish details in a later communication. 

The action of traces of impurities in developing the afterglow 
would appear to be adequately accounted for by Lord Rayleigh’s 
original explanation (Proc. Roy. Soc., 1912, A, 86, 262; 87, 179). 
Its behaviour towards heat and cold will be discussed in a later 
communication. 

The catalytic destruction of the glow by surfaces, and by copper 
and other metals in particular, may readily be explained by the 
well-known analogous case of the surface recombination of hydrogen 
atoms. The extinction of the luminosity when a metal surface 
begins to be active in promoting the decay of the chemically active 
nitrogen is also accounted for when we remember that the surface 
is, ex hypothesi, composed of the metal, and not of the nitride, when 
the point of activity is reached; there is no apparent reason why a 
nitride surface should catalyse the recombination of nitrogen atoms, 
but the parent metal itself may, from the analogy already mentioned, 
be very effective in this connexion. It follows that the action of 
the discharge in extinguishing the luminosity is not intrinsically 
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electrical, but that the bombardment of the glass of the discharge 
tube by the ions and electrons present simply leads to the production 
of a “ clean 55 surface, upon which the recombination of atoms can 
take place with ease; heat also leads to the production of this very 
active surface. The production of a few ions during the decay of 
the afterglow in phenomena studied by Constantinides (Physical 
Rev., 1927, 30, 95) is probably due to a side reaction among the 
atoms undergoing recombination on the surface. 

It is clear that the relationship between concentration of active 
nitrogen, C, and glow intensity, /, as well as the magnitude and 
sign of dljdG at any instant, will vary with the nature and area of 
the surfaces present. It appears probable that the mechanism 
whereby the chemically active nitrogen is destroyed in the discharge 
is analogous to that of the electrical production of ozone, and that 
the same complicated mixture of electrical and surface factors is 
involved : much more experimental evidence is needed upon this 
point. 

It remains to discuss the probable nature of the chemically 
active modification of nitrogen. If this were triatomic, it would 
be expected that such a large molecule should condense easily (see 
Lord Rayleigh, Proc. Roy . 8oc. s 1911, A, 86, 56), and the author is 
indebted to Sir J. J. Thomson for the information that evidence is 
not lacking that such a separation can be effected under appropriate 
conditions. 

The present author suggests, however, that the most cogent 
evidence as to the nature of active nitrogen is provided by the 
compounds it produces in its chemical reactions. With the metals, 
compounds are produced which, as a rule, give quantitative yields 
of ammonia when hydrolysed, e.g., magnesium nitride; pentane 
gives hydrogen cyanide, amylenes, and ammonia (Koenig and 
Elod, loc. cit.) ; and in general when active nitrogen reacts with 
other substances it gives rise to derivatives of ammonia and not to 
substituted azoimides, hydrazines , etc . These substances are invari¬ 
ably of the type produced in the few reactions of inert nitrogen, and 
hence the presumption is that active and ordinary nitrogen cannot 
be very different in structure. It is clear that if active nitrogen 
were atomic in character we should have to postulate dissociation 
of the molecule as an invariable prelude to the reactions of inert 
nitrogen, which does not appear likely. May it not be that the 
active modification is simply an isomeride of nitrogen, such as an 
acetylenic molecule ? By analogy with its family congeners of the 
Periodic Table, nitrogen might be expected to exhibit allotropy, 
but much more experimental evidence is necessary before any 
conclusions can be reached upon this point. 
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Summary. 

Four series of experiments are described in which it is shown that 
nitrogen can be chemically active and yet show no visible luminosity 
whatever. These are believed to indicate that “ active ” nitrogen 
consists of a mixture of a non-luminous, chemically active substance 
together with a very small proportion of atoms, the latter being 
responsible, upon a termoleeular recombination, for the afterglow 
and the greater part of the excitation of spectra observed when 
various substances are admitted to the glowing gas. The heats 
of formation of the two varieties, the former of which is regarded 
as being most probably a metastable diatomic or an acetylenic 
molecule, are respectively about 45,000 and 200,000—250,000 
cals./g.-mol. 

This explanation is thought to reconcile the chemical and spectro¬ 
scopic views, and also accounts for the whole of the phenomena 
connected with active nitrogen. 

The author’s thanks are due to the Department of Scientific 
and Industrial Research for a grant which enabled the converter 
and transformers to be purchased; to Dr. E. K. Rideal for his 
continued interest in these researches; to Mr. R. E. D. Clark, who 
has proved a capable assistant in some of the experimental work; 
and above all to Dr. H. W. B. Skinner, to whom this particular 
investigation must be dedicated. 

Addendum .—Since the above was written, Crew and Hulbert 
{Physical Rev., 1927, 30 , 124) have described some experiments on 
the dissociation of gases in the discharge at low pressures (5 mm. 
and less). The extent of dissociation is about 100% for wet 
hydrogen, rather less for the dry gas, 60% for oxygen, but close to 
zero for nitrogen, carbon monoxide, and carbon dioxide under the 
same conditions; the results with uncondensed and with con¬ 
densed discharges, the latter producing the afterglow in nitrogen, 
are almost identical. This would appear to show once again 
that the chemically active nitrogen {which is produced to the 
extent of at least 5% under these conditions) cannot be atomic 

in character, and the work confirms the author’s view upon this 
subject. 

Laboeatoey op Physical Chemistry, 

Cambridge. [Received, September 6th, 1927.] 
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CCCLXXX .—Molecular Structure in Solution . Part 
III . The Electrical Conductivities of Aqueous 
Solutions of Cobalt Chloride and Hydrochloric Acid, 
with a Note on the Prediction of Crystal Structure . 

By Owen Ehys Howell. 

The densities, viscosities, refractive indices, and surface tensions 
of a series of solutions containing a constant amount of cobalt 
chloride with increasing amounts of hydrochloric acid, and the 
same properties of an exactly similar series of solutions of hydro¬ 
chloric acid alone have already been determined (this vol., pp. 158, 
:2039). The differences in the values of each of these properties 
for corresponding members of the two series throw light upon the 
•change in the state of the cobalt atom in solution with increasing 
acid concentration. All the results obtained have been fully 
interpreted by assuming that, in accordance with the theory of 
the colour of the cobaltous compounds suggested by Hill and 
Howell {Phil. Mag., 1924, 48, 833), the cobalt atom is forced out 
of its association with 6 molecules of water into one with 4 atoms of 
chlorine. 

The electrical conductivities of these solutions have now been 
examined, and the conclusions drawn from the results are in com¬ 
plete accord with those already indicated. 

Experimental. 

Determination of Electrical Conductivity .—The electrical con¬ 
ductivities were determined in the usual way by the use of a standard 
resistance, an alternating current from a small coil, a metre bridge, 
and a low-resistance telephone. A small U-shaped cell made of 
resistance glass and having a capacity of about 3 c.c. was employed. 
It was immersed to below the level of the solution in a thermostat 
at 20° ± 0*02°. With each solution at least three different known 
resistances were employed and the point of balance was determined 
at least four times for each. With each known resistance the mean 
point of balance was taken and the conductance of the cell calcu¬ 
lated. In almost every instance, the values lay within 0*05% of 
the mean, and in no case did the difference exceed 0*1%. 

The cell constant was determined with A'-potassium chloride 
solution, prepared from the pure salt (Kahlbaum’s), which was first 
recrystallised and dried. The conductivity of this solution at 20° 
is 0*10207 mho (Kohlrausch, Holbom, and Diesselhorst, 

Ann., 1898, 64, 417); the actual resistance was found to be 3028 
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ohms, whence the conductance was 0*0003302 mho and the cell 
constant 309*1. 

Materials .—The solutions used for these determinations were the 
same as those employed for the measurement of the refractive index 
and surface tension (loc. cit.). A few new solutions were also 
prepared from the same stock solutions as those previously employed. 
The water used for preparing these solutions was twice redistilled; 
its conductivity was negligible compared with that of any of the 
solutions. 


Results. 

Conductivities .—The conductivities of the series of solutions of 
hydrochloric acid alone are given in column 3 of Table I. Previous 
measurements for concentrated solutions of hydrochloric acid have 
been made at 18° by Kohlrausch ( Pogg. Ann., 1876,159, 233) and 
at 25° by Masson and Green (J., 1908, 93, 2023). Direct com¬ 
parison with these is not possible because of the different temper¬ 
atures employed, but the curve of the values now given lies smoothly 
between those of the other observers. The values of the con¬ 
ductivity are plotted against the normality of the acid (at 18°) in 
Pig. 1 (upper curve). 

Table I. 


Electrical Conductivities . 


1 . 

2. 

3. 

4. 

1 . 

2. 

3. 

4. 

Norm¬ 

Conductivity of 


Norm¬ 

Conductivity of 



- s 





ality 

CoCl 2 -f- 

HC1 


ality 

coa 2 + 

HC1 


of Ha, 

HC1, 

alone, 

Diff., 

2—3. 

of HC1, 

HCl, 

alone, 

Diff., 


*20* * 

*20°* 


*20°* 

*20** 

2—3. 

0 

0*06358 

— 

4- 0*0836 

6*812 

0*6611 

0*7728 

-0*1117 

1*04$ 

0*3053 

0*3196 

- 0*0143 

7*126 

0*6605 

0*7647 

-0*1042 

2*096 

0*4742 

0*5375 

-0*0633 

7*336 

0*6599 

0*7585 

-0*0986 

3*144 

0*5797 

0*6760 

-0*0963 

7*860 

0*6584 

0*7434 

-0*0850 

3*668 

0*6132 

0*7190 

-0*1058 

8*384 

0*6556 

0*7258 

-0*0702 

4*192 

0*6361 

0*7508 , 

-0*1147 

9*432 

0*6408 

0*6874 

-0*0466 

4*716 

0*6503 

0*7715 

-0*1212 

10*48 

0*6068 

0*6389 

-0*0321 

5*240 

0*6599 

0*7823 

-0*1224 

11*48 

— 

0*6021 

_ 

5*764 

0*6624 

0*7854 

-0*1230 

12-26 

0*5530 

0*5749 

-0*0219 

6*2S8 

0*6624 

0*7799 

-0*1175 

12*83 

— 

0*5564 

_ 

6*498 

0*6618 

0*7771 

-0*1153 

13*38 

— 

0*5357 

— 


The results obtained with the series of solutions of cobalt chloride 
and hydrochloric acid are given in column 2 of Table I, and ^plotted 
against the normality of the acid in Fig. 1 (lower curve). 'The two 
curves are very different in form : that for the acid only rises to a 
sharp ma ximum ) whereas that for the solutions containing cobalt 
is greatly flattened at its maximum. 

The differences in conductivity between corresponding solutions 
in the two series are given in col. 4 of Table I and are plotted against 
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the normality of the acid in Fig. 2. It is seen that the conductivity- 
differences curve is almost the exact complement of the viscosity- 
differences curve, which is also reproduced for comparison; the 
minimum of the one occurs at the same concentration of acid as 
the maximum of the other. There is one point of difference, viz., 
that whereas the viscosity-differences curve first falls slightly 


Fig. 1. 



Upper curve; Solutions of hydrochloric acid only. 

Lower curve : Solutions of hydrochloric acid -f- cobalt chloride. 

before rising to its maximum, the conductivity-differences curve 
falls continuously to its minimum. The same reasoning which 
accounted for the form of the first (this vol., p. 168) also explains 
that of the second, including this respect in which they differ. 

The effect of increasing the concentration of acid is to throw 
more and more of the cobalt out of its association with 6 molecules 
of water, Co(H 2 0) 6 ”, into one with 4 atoms of chlorine, CoCl/'. 
When this transition is complete, continued increase in the con- 
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centration of acid would be without further effect, and the differ¬ 
ence in physical properties between the solutions containing cobalt 
and the corresponding solutions of acid alone should become and 
remain constant. It is seen that the conductivity-differences 
curve, like the viscosity-differences curve, flattens out at the highest 
concentrations of acid to become parallel to the axis of concentration, 
indicating that this transition is practically complete. Moreover, 
both curves exhibit this characteristic at approximately the same 
concentration of acid. 

It is seen that the conductivity differences at the end of the 
series (blue solutions) are smaller than those at the beginning (red 
solutions). The curve does not, however, fall evenly from the 
initial to the final value, but exhibits a very deep minimum, just 
as the viscosity-differences curve similarly shows a well-defined 
maximum. Since the red and the blue ions, Co(H 2 <3)e” and CoCl 4 ", 
are oppositely charged, there will undoubtedly be combination 
between them where they are present together in solution; they 
will not remain wholly as free ions. The combination of these ions 
will result in further dissociation of the compounds from which 
they are derived, thus liberating chlorine ions and hydrogen ions 
respectively. These, however, will not remain free, the ionisation 
being depressed by the hydrochloric acid already present in high 
concentration, so that the conductivity of the solution will diminish. 
The greater the combination, the less will be the conductivity of 
the solution; therefore, as transformation of the red Co(H 2 0) 6 " into 
the blue CoCl 4 " proceeds, the conductivity-differences curve falls 
sharply. The combination will evidently be greatest when these 
two oppositely charged ions are present in equal amounts, so that 
the conductivity differences should decrease up to this point. 
Thereafter, continued transformation of the Co(H 2 0) 6 ** ions into 
CoCl 4 " ions will result in an increasing surplus of free OoCl 4 " and 
the conductivity differences should increase again up to a constant 
value. This is seen to be so and it is therefore suggested that the 
minimum of the conductivity-differences curve occurs when half the 
cobalt is present as Co(H 2 0) 6 ‘* and half as CoCl 4 ''. 

The viscosity-differences curve exhibits an initial decrease 
before rising to its maximum, whereas the conductivity-differences 
curve falls sharply to its minimum.. When discussing the viscosity- 
differences curve ( loc . cit.), it was pointed out that the first effect 
of the addition of hydrochloric acid is to depress the ionisation of 
the cobalt chloride because of the addition of a common ion. There 
is thus at first a decrease in the number of the viscous Co(B^O) e ** 
ions, resulting in a decrease of viscosity. This effect is soon over¬ 
whelmed by the conversion of CoJELjO)^* ions into CoCl 4 " ions, 
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so that the curve exhibits only a small dip and then rises rapidly. 
The two effects are thus opposed when the viscosity of the solutions 
is concerned; but they operate together when the conductivity is 
considered. Both the initial depression of ionisation and (as 
discussed above) the conversion of Co(H 2 0) 6 " ions into CoCl 4 " ions 
result in a decrease of conductivity, so that the conductivity- 
differences curve falls continuously to its minimum. 


Pig. 2. 


Colour of the cobalt solution in transmitted light . 






It may readily be shown that the curve of the differences of 
specific resistance is quite different in form from that of the 
differences of specific conductance. It is very similar to the density- 
differences and refractive-index-differences curves found previously 
(loc. cit), in that it exhibits a point of inflexion at the same concen¬ 
tration of acid and then falls, eventually becoming parallel to the 
axis of concentration, just as these do, and at about the same 
concentration of acid. It differs from them in first rising to a 
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maximum, whereas they fall continuously from the beginning; and 
this difference is explained in exactly the same way as that between 
the conductivity-differences and viscosity-differences curves. 

Note on the Prediction of Crystal Structure . 

When the metallic atom of a colourless insoluble compound is 
replaced, wholly or partly, by cobalt, a pigment is obtained which 
may be either blue or red, and it has been shown (Hill and Howell, 
loc . cit.), by carrying out this replacement in compounds of known 
crystal structure, that when the metallic atom is surrounded by 
fotir other atoms or groups, the resulting pigment is blue, and when 
surrounded by six, the pigment obtained is red. Thus, when the 
magnesium atom in spinelle (magnesium aluminate, where it is 
surrounded by four oxygen atoms) is replaced by cobalt, a blue 
pigment (cobalt blue) is obtained, but when the magnesium atom in 
magnesium oxide (where it is surrounded by six oxygen atoms) is 
similarly replaced, a red pigment (cobalt pink) is produced. 

For comparison of their absorption spectra, pigments were pre¬ 
pared, not only from compounds of known crystal structure, but 
also from a number the structure of which was at that time un¬ 
known. From the colour of the pigment obtained, it was possible 
to predict the structure of the compound from which it was derived. 
Since that work was published, two of the compounds have been 
submitted to X-ray analysis by different observers, and the structure 
is in both instances in accord with that predicted from the colour of 
the corresponding cobalt pigment. The structures of cobalt oxide 
and cobalt fluoride have also been subsequently determined and 
are in agreement with the predictions from the theory. 

Zinc orthosilicaie. If the zinc atom in zinc orthosilicate is re¬ 
placed by cobalt, a blue pigment is obtained. It follows from the 
theory that in the pigment the cobalt atom is surrounded by four 
other atoms or groups, and therefore that the zinc atom in the 
original compound is similarly situated. The crystal structure of 
wiUemite (zinc orthosilicate) has recently been determined by 
Zachariasen (Norsk. Geol. Tidsskr 1926, 9, 65), who showed it to be 
isomorphous with phenacite (beryllium orthosilicate), the crystal 
structure of which was elucidated by W. L. Bragg (Proc. Boy. Soc ., 
1927, A , 113, 642), who established that the beryllium atom is 
between four oxygen atoms. It follows that in zinc orthosilicate 
the zinc atom is similarly placed, as predicted from the theory. 

Magnesium orthosilicate. If the magnesium atom in magnesium 
orthosilicate is replaced by cobalt, a red pigment is produced, so 
that, according to the theory, the magnesium atom in this compound 
is surrounded by six other atoms. This prediction has been verified 
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by the work of W. L. Bragg and Brown ( Z. Krist. , 1926, 63, 538) on 
olivine (magnesium orthosilicate). 

Cobalt oxide. It is well known that when cobalt oxide is melted 
in the electric furnace, it crystallises in rose-coloured needles 
(Moissan, Compt. rend., 1892, 115, 1034; Bull. Soc. chim ., 1893, 9, 
955; Ann. Chim. Phys., 1895, 4, 136). Although the crystal 
structure of the compound was unknown, the theory enabled us to 
predict that, since the compound was of the red form, the cobalt 
atom should be surrounded by six oxygen atoms, and verification 
was forthcoming in the work of Goldschmidt, Barth, and Lunde 
(Skrifter NorsJce Videnslcaps Alcad., No. 7, 1925), of Natta and Reina 
(Atti R. Accad. Lincei , 1926, 4, 48), and of Bravo (Anal. Fis. Quim ., 
1926, 24, 611), who found that the compound possesses the rock-salt 
structure, i.e the cobalt atom is between six oxygen atoms. 

Cobalt fluoride. Since anhydrous cobaltous fluoride is red 
(Poulenc, Compt. rend., 1892,114, 1426), it could be predicted that 
the cobalt atom should lie between six fluorine atoms. Actually, 
it has been found (Perrari, Atti R. Accad. Lincei, 1926, 3, 324) to 
have the same crystal structure as rutile, in which the titanium 
atom is surrounded by six oxygen atoms (Vegard, Phil. Mag., 1916, 
32, 65, 505; 1917, 33, 395; 1926, 1, 1151; Williams, Proc. Roy. 
Soc., 1917, 93, 418; Greenwood, Phil. Mag., 1924, 48, 654). 

Summary. 

1. The electrical conductivities of a series of solutions containing 
a constant amount of cobalt chloride and increasing amounts of 
hydrochloric acid have been determined. 

2. The same properties of an exactly similar series containing 
hydrochloric acid only have also been determined. 

3. The curve of the differences of conductivity of corresponding 
solutions plotted against the concentration of acid is almost the 
exact complement of the viscosity-differences curve found in a 
previous investigation. It exhibits a minimum at the same con¬ 
centration of acid where the other curve exhibits a maximum. It 
differs in falling constantly to the minimum, whereas the viscosity- 
differences curve first falls slightly before rising to its maximum. 
Both its resemblance to and difference from the viscosity-differences 
curve are fully explained on the same reasoning as that employed 
in previous investigations. 

4. It is noted that the crystal structure of compounds which 
yield pigments when the metallic atom is replaced by cobalt can be 
predicted from the colour of the pigment so obtained. The 
structures of two compounds (zinc and magnesium orthosilicates) 
have been determined since the theory of the colour of the cobaltous 
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compounds was suggested, and they verify the predictions made 
from the theory. The structures of cobalt oxide and cobalt fluoride 
are s imil arly in accordance with prediction from the theory. 

The author would again express his thanks to Prof. F. L. Pyman, 
for giving him every facility for doing this work. 

Municipal College op Technology, 

University op Mancbesteb. [Received, September Iff, 1927.] 


CCCLXXXI .—The Interaction of Chloral and 
Arylhydrazines . 

By Frederick Daniel Chattaway and Randle Bennett. 

Owing to the violence with which the hydrazone initially formed 
decomposes, the behaviour of chloral with phenylhydrazine has 
been little studied. When, however, a 2 :4-dihalogen-substituted 
phenylhydrazine is used, the decomposition occurs more quietly and 
the final products can be isolated. These differ according to the 
nature of the solvent in which interaction occurs. When any 
alcohol is used as the solvent, the 2 : 4-dihalogen-substituted phenyl- 
hydrazone of the corresponding alkyl glyoxylate (III) is produced 
identical with the ester yielded by the corresponding dihalogen- 
substituted phenylhydrazone of glyoxylic acid : 


gy a.) c 6 h 3 Xo*nhx:ch-cci 3 

xpV 

9/ 



C 6 H 3 X 2 -NB[*NH 2 


c 6 h 3 x 2 -nh-x:ch-co 2 r 



(ii.) c 6 h 3 x 2 -nhx:ch-co 2 h 



(in.) 


Bromal behaves in an exactly similar manner, although the reaction 
is not so vigorous as when chloral is used. 

When, on the other hand, interaction takes place in water or 
acetic acid, one molecule of water and one molecule of hydrogen 
chloride are eliminated and beautifully crystalline, brilliant red 
compounds formed. When strongly reduced, these yield 2 : 4-di¬ 
halogen-substituted aniline: the chlorine atom lost in the decom¬ 
position must therefore be one of those contained in the chloral. 
They are unaffected by heating with acetic anhydride, whilst their 
'intense red colour recalls that of compounds containing an azo-group. 
Bromine replaces one hydrogen atom not in the nucleus, the sub¬ 
stitution product still retaining its red colour. 
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These red compounds therefore appear to be aa-dichloro-p-2 :4- 
dihalogenobenzeneazoethylenes (IV), and the bromine substitution 
products aa - dichloro - (3 - bromo - (3 - 2 : 4-dihalogenobenzeneazoethyl- 
enes (V), formed thus : 

(L) —> (IV.) CfiHsXg-lSrriSr-CHICCla —> (V.) C 6 H 3 X 2 -N:N-CBr:CCl 2 . 

When the azoethylenes are heated with alcohols they are con¬ 
verted into the corresponding alkyl glyoxylate arylhydrazones (III), 
but the reaction is not so rapid as that by which the latter compounds 
are formed from the chloral hydrazones. 

Experimental. 

Action of 2 :4 -Dichlorophenylhydrazine Hydrochloride on Chloral 
Hydrate dissolved in Ethyl Alcohol. —When 21*5 g. of 2 : 4-dichloro- 
phenylhydrazine hydrochloride (1 mol.) and 16*5 g. of chloral hydrate 
(1 mol.) were added to 100 c.c. of ethyl alcohol, the liquid became 
yellow, but little action appeared to take place at the ordinary 
temperature. On heating, the colour deepened to dark orange and 
at about 60° hydrogen chloride was evolved, much heat liberated, 
and the liquid boiled spontaneously for several minutes. The bulk 
of the alcohol was then slowly distilled off; the residual clear deep 
yellow liquid, on cooling, deposited bright yellow crystals of ethyl 
glyoxylate 2 : 4-dichlorophenylhydrazone, the yield being practically 
theoretical. This substance is easily soluble in warm alcohol and 
separates in pale yellow, very slender prisms, m. p. 121*5° (Found: C, 
45*8; H, 3*8; N, 11-1; Cl, 27*2. C 10 H 10 0 2 N 2 CLj requires C, 46*0; 
H, 3*8; N, 10*8; Cl, 27*2%). It yielded ethyl alcohol and glyoxylie 
acid 2 : 4-dichlorophenylhydrazone on hydrolysis, and 2 : 4-di- 
chloroaniline on reduction. 

Methyl glyoxylate 2 : i-dichlorophenylhydrazone crystallises in pale 
yellow, slender prisms, m. p. 136*5° (Found : C, 43*9; H, 3*4; Cl, 
28*8. CgHgOsNAj requires C, 43*7; H, 3*2; Cl, 29*0%), n-propyl 
glyoxylate 2:4 -dichlorophenylhydrazone in short, pale yellow, 
flattened prisms, m. p. 65° (Found : Cl, 25*6. Cj^H^OgNgC^ 
requires Cl, 25*8%), and n-butyl glyoxylate 2: 4:-dichlorophenyl- 
hydrazone in slender, yellow, flattened prisms, m. p. 59° (Found : 
Cl, 24*3. C 12 H 14 02N 2 C1 2 requires Cl, 24*5%). 

Action of 2: 4-DibromophenylJiydrazine Hydrochloride on Chloral 
Hydrate dissolved in Methyl Alcohol. —2 : 4-Dibromophenylhy drazine 
hydrochloride (15 g.; 1 mol.), chloral hydrate (8 g.; 1 mol.}, and 
methyl alcohol (60 c.c.), when heated together under reflux on a 
water-bath for an hour, reacted vigorously with liberation of 
hydrogen chloride. A deep yellow liquid was obtained, from ’which 
methyl glyoxylate 2 :4 -dibromophenylhydrazone separated on coding. 
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It crystallises from boiling methyl alcohol, in which it is moderately 
easily soluble, in slender, pale yellow, flattened prisms, m. p. 136° 
(Found: C, 32-2; H, 2-5; Br, 47*6. C 9 K 8 0 2 N 2 Br 2 requires C, 32*1; 
H, 2*4; Br, 47*6%). 

Similar esters were obtained when chloral was allowed to interact 
with 2 : 4-dibromophenylhydrazine, 2-chloro-4-bromophenylhydr- 
azine, and 4-chloro-2-bromophenylhydrazine in presence of alcohols 
and were ah found to be identical with the corresponding esters 
prepared from glyoxylic acid. 

Ethyl glyoxylate 2:4 -dibromophenylhydrazone crystallises in slender, 
pale yellow, flattened prisms, m. p. 119° (Found: Br, 45*6. 
Ci 0 Hio0 2 N 2 B r 2 requires Br, 45*7%), n-propyl glyoxylate 2 :4-di- 
bromophenylhydrazone in short, pale yellow, flattened prisms, m. p. 
75° (Found: Br, 44-0. C 11 H 12 0 2 N 2 Br 2 requires Br, 43*9%), and 
ethyl glyoxylate 2-chloroA-bromophenylhydrazone (Found: Cl, 11*6; 
Br, 26*3. C 10 H 10 O 2 N 2 ClBr requires Cl, 11*6; Br, 26*2%) and ethyl 
glyoxylate 4-chloro-2-bromophenylhydrazone in slender, pale yellow 
prisms, m. p. 120° and 115°, respectively. 

Glyoxylic Acid 2 : 4:-Dichlorophenylhydrazone. —Glyoxylic acid 
(made by the electrolytic reduction of oxalic acid) and 2 : 4-dichloro- 
phenylhydrazine hydrochloride reacted at once in aqueous solution 
at 60° and the hydrazone separated as a yellow solid. It is sparingly 
soluble in water, very easily soluble in alcohol, and crystallises from 
hot aqueous alcohol in pale yellow needles, decomp, about 150° 
(Found : Cl, 30*3. CgHgOgNaCLj requires Cl, 30*4%). 

The 2 : 4 -dibromophenylhydrazone of glyoxylic acid resembles the 
dichloro-hydrazone very closely. It crystallises in pale yellow 
needles, decomp, about 150° (Found: Br, 49*5. CoH fi 0oN3ro 
requires Br, 49*7%). 

Action of 2 : 4 -Dichlorophenylhydrazine Hydrochloride on Bromal 
dissolved in Ethyl Alcohol. —A mixture of 11 g. of 2 :4-dichloro- 
phenylhydrazine hydrochloride, 14 g. of bromal, and 100 c.c. of 
ethyl alcohol was boiled under reflux for an hour, hydrogen bromide 
being liberated in quantity and ethyl bromide (recognisable by its 
odour) formed. The bright yellow liquid obtained, on cooling, 
deposited ethyl glyoxylate 2 :4-dichlorophenylhydrazone, m. p. 
121*5°, identical in every respect with that prepared both from 
chloral and from glyoxylic acid. 

Methyl glyoxylate 2 : 4-dibromophenylhydrazone, m. p. 136°, was 
similarly obtained when 2:4-dibromophenylhydrazine hydro¬ 
chloride was heated with bromal dissolved in methyl alcohol. 

Action of 2: ^-Dichlorophenylhydrazine Hydrochloride on Chloral 
Hydrate dissolved in Acetic Acid or Water. —To a solution of 16*5 g. 
(1 mol.) of chloral hydrate in 100 c.c. of acetic acid, 21*5 g. (1 mol.) 
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of 2:4-dichlorophenylhydrazine hydrochloride and 33 g. of an¬ 
hydrous sodium acetate (4 mols.) were added. The liquid became 
pale yellow, but little apparent change occurred until the tem¬ 
perature was raised to about 60°; obvious action then took place 
and the liquid became bright red. It was heated on a water-bath 
for | hour to complete the reaction and poured into water; aa-di- 
chloro- (3-2 :4- dichlorobenzeneazoethylene (IV) then separated as a 
scarlet-red solid. 

If aqueous solutions of equivalent quantities of chloral hydrate 
and 2 :4-dichlorophenylhydrazine hydrochloride are mixed and 
slowly heated, the same compound separates at about 80° as a 
crimson, viscid liquid which solidifies on cooling and from which 
the supernatant liquid, now strongly acid from the hydrogen 
chloride set free in the reaction, can be decanted. 

The red solid is readily soluble in boiling chloroform, acetic acid, 
and alcohol, and separates from warm alcohol in slender, flattened, 
golden-red prisms, m. p. 84-5° (Found : C, 35*6; H, 1*6; N, 10*2; 
Cl, 52*5; M, cryoscopic in benzene, 262. C 8 H 4 N 2 C1 4 requires C, 
35*6; H, 1*5; N, 10*4; Cl, 52*6%; M , 270). It does not react with 
acetic anhydride. When it was boiled with ethyl alcohol for 8 hours, 
a deep orange-coloured liquid was obtained from which, on cooling, 
ethyl glyoxylate 2 : 4-dichlorophenyIhydrazone separated. 

Action of Bromine upon ua-Dichloro-$-2:4:-dichlorobenzeneazo r 
ethylene. —To a solution of 5 g. (1 mol.) of aa-dichloro-(3-2 :4-di- 
ehlorobenzeneazoetkylene in 20 c.c. of warm acetic acid, 3*5 g. 
(1 mol.) of bromine in 5 c.c. of acetic acid were added. The bromine 
slowly disappeared and the' solution became paler in colour. The 
solution was then poured into water; uv.-dichloro-$-bromo-$-2 : 4-di- 
chlorobenzeneazoethylene (V) separated as a brownish-red solid. It 
is easily soluble in warm acetic acid or alcohol and separates in 
small, red needles, m. p. 90° (Found : Cl, 40-5; Br, 22*7. C 8 H 3 N 2 Cl 4 Br 
requires Cl, 40*7; Br, 22*9%). 

<xu.-Dicliloro-$-2 A-dibromobenzeneazoethylene crystallises in slender, 
orange-red, flattened prisms, m. p. 96*5° (Found: Cl, 19*9; Br, 
44*9. C 8 H 4 N 2 Cl 2 Br 2 requires Cl, 19*8; Br, 44*6%), aoc-dichloro- 
$-2-chloro-4:-bromobenzeneazoetliylene in small, slender, orange-red 
prisms, m. p. 84° (Found: Cl, 33*6; Br, 25*3. C 8 H 4 N 2 Cl 3 Br 
requires Cl, 33*8; Br, 25*4%), and v.y.-dichloro-$A~chloro-2-bromo« 
benzeneazoethylene in slender, orange-red prisms, m. p. 81°. 

The Queen’s College, Oxford. [Received, August 21th, 1927.] 
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CCCLXXXII .—The Halogenation of p- Hydroxydi - 
phenylamine. Part II. 

By At.a-n t Edwin Bbadeield, Leslie Hugh Noeman Coopee, and 
Kennedy Joseph Peevitii Oeton. 

The main reaction between bromine or chlorine and p-hydroxydi- 
phenylamine and its derivatives (Smith and Orton, J., 1908, 93, 
314) may follow one of two paths, leading either to a halogen- 
substituted p-hydroxydiphenylamine (A) or to a quinoneanil (benzo- 
quinonephenylimine) (B). More drastic treatment leads to a 
disruption of the molecule. 

C^H^NOBr + HBr (A) 


C 6 H 5 -N:C 6 H 4 :0 + 2HBr (B) 

The bromination of p-hydroxydiphenylamine, wflich is very 
rapid (he, cit.) } indicates that the imino-group is much more powerful 
as a directing group than the hydroxyl, the 2:2': 4'-trisubstituted 
compound being the first isolable product. The influence of the 
imino-group is then, diminished and bromine enters successively into 
positions 5 and 3, and, finally, positions 6 and 6' simultaneously. 
It is now found that, when the hydroxyl group is previously esterified 
by means of benzoyl chloride or p-toluenesulphonyl chloride, the 
4'-bromo-, 2:2': 4'-tribromo-, and, finally, 2:6:2': 4': 6'-penta- 
bromo-compounds are successively obtained. 

In acetic acid, the first main action of bromine on 2 : 6 :2': 4': 6'- 
pentabromohydroxydiphenylamine is oxidation to the quinoneanil. 
The reaction is reversible and, provided the hydrogen bromide 
formed is not removed, an equilibrium is reached. The small amount 
of the hydroxy-compound present undergoes slow nuclear substi¬ 
tution (irreversible), displacing the equilibrium, and in time the whole 
is converted into the 2 : 3 : 5 : 6 : 2': 4': G'-heptabromohydroxy- 
derivative, the original violet colour of the solution fading as the 
quinoneanil is reduced by the hydrogen bromide and brominated. 
If the hydrogen bromide be removed by the addition of sodium 
acetate, reduction and bromination are prevented. 

Chlorine has a disruptive action on p-hydroxydiphenylamine; the 
benzoate or ^-toluenesulphonate, however, may be chlorinated by 
the chloroamihe method (Orton and King, J., 1911,99,1185; Orton 
and Bradfield, this vol., p. 986), the reaction following a similar 
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course to that of bromination of the esters, yielding finally the 
2 : 6 : 2': 4': 6'-pentachloro-compound. The rate of further sub¬ 
stitution in 2:6:2': 4': 6'-pentachloro-^-hydroxydiphenylamine, 
obtained from the ester, has now become so diminished that when it 
is treated with chlorine, oxidation to the quinoneanil initially pre¬ 
dominates. This is succeeded, however, by reduction and sub¬ 
stitution as in the further bromination of pentabromohydroxy- 
diphenylamine, yielding the 2 : 3 : 6 : 2': 4': 6'-hexachloro- and 
2 : 3 : 5 : 6 : 2': 4': 6'-heptachloro-derivatives. 

The action of hydrochloric acid on an acetic acid solution of the 
pentaehloroquinoneanil obtained by oxidation of pentachloro- 
hydroxydiphenylamine with chromic anhydride or mercuric oxide 
yields the same hexa- and hepta-chloro-compounds. This fact is 
entirely in harmony with the view of the course of the reaction of 
p-hydroxydiphenylamine derivatives with halogens winch has been 
put forward above; in so far as it relates to the production of 
halogenated derivatives from the quinoneanil, it closely resembles 
the scheme first advanced by Wichelhaus (Ber. } 1879, 12, 1500) 
to explain the action of hydrochloric acid on quinone. 

Several mixed chlorobromo -p -hydroxydiphenylamine derivatives 
have been prepared. 

Amongst the properties of the halogen derivatives of jp-hydroxy- 
diphenylamine, certain anomalies appear for which at present no 
explanation can be-offered. These are : 

(1) The majority of the compounds are, as would be expected, 
soluble in aqueous alkali; but the following are not, although they 
are soluble in alcoholic potash : 2:2': 4'-trichloro-5 : 6'-dibromo-, 
2:5:2': 4'-tetrabromo-, 2:2': 4'-trichloro-3 :5 : 6 :6'-tetrabromo-, 
2 : 3 : 5 : 2' : 4'- pentabromo -, 2 : 3 : 5 : 2' : 4' : 6'-hexabromo-, 
2 : 3 : 5 : 2': 4': 6'-hexachloro- andheptabromo-p-hydroxydiphenyl- 
amine. 

Further, these same compounds have resisted all attempts at 
sulphonylation with p-toluenesulphonyl chloride, not only by the 
Schotten-Baumann procedure, but in pyridine or quinoline, in which 
they are soluble, indicating that the phenomenon, although con¬ 
comitant, is not attributable simply to insolubility. 

(2) Although 2:5:2': 4'-tetrabromo- and 2 : 3 : 5 : 2': 4'-penta- 
bromo-ff-hydroxydiphenylamine react with bromine, the benzoyl- 
oxy-derivatives prepared from them react very slowly or not at all 
under the conditions usually successful, in spite of the fact that 
positions ortho to the imino-group remain vacant, i.e., esterification 
not only retards substitution in the ortho-position to the hydroxyl 
group, but greatly diminishes the reactivity of the molecule as a 
whole, even transmitting the effect through nitrogen to an attached 
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benzene ring. It is hoped to study this observation, which appears 
to be unique, in greater detail. 

Experimental. 

Tn the preparation of p-hydroxydiphenylamine by Calm’s method 
( Ber 1883, 16, 2786; 1884, 17, 2431) the yield is much improved 
by the employment of crude aniline, and both yield and purity are 
enhanced if pure aniline to which a drop of sulphuric acid has been 
added is used. The product, after distillation in superheated steam 
and then under 12 mm. pressure, melts at 73°. 

The p-toluenesulphmyl derivative, prepared from p-toluene- 
sulphonyl chloride (210 g.), p-hydroxy diphenylamine (185 g.), 
benzene (900 c.c.), and aqueous sodium hydroxide, crystallises from 
alcohol in thin plates, m. p. 126-5°, soluble in benzene and chloro¬ 
form, less soluble in alcohol, petroleum, and acetic acid (Pound: 
S, 9*5. C^H^OgNS requires S, 9-5%). 

The acetic acid used as a medium for halogenation was purified 
by Orton and Bradfield’s method (this vol., p. 983). 

Chloro-compounds. 

The following chloro-4-acyloxydiphenylamines were prepared by 
chlorination by the chloroamine (N :2: 4-triehloroacetanilide or 
dichloramine T) method and were usually precipitated on addition 
of water. They were hydrolysed by boiling alcoholic potassium 
hydroxide, and the hydroxy-compounds precipitated by addition 
of water to the acidified solutions. The anils were prepared by 
oxidising the corresponding chlorohydroxydiphenylamines in boiling 
benzene with yellow mercuric oxide or in boiling acetic acid with 
chromic acid; they were usually isolated by evaporation of the 
solvent and addition of petroleum in the former method and by 
addition of water in^the latter. Fission of the anils was effected in 
acetic acid bv addition of sulphuric acid; on dilution with water and 
basification, the expected chloroaniline was obtained in every case. 

4: t -GMoroA-bmzoyloxydiplienylamine is prepared from p-benzoyl- 
oxydiphenylamine; the reaction, initiated by the addition of one 
drop of hydrochloric acid, is completed in 15 minutes. The product 
(yield, 30%) crystallises from petroleum or 98% acetic acid in 
silvery plates, m. p. 148*5°. The presence of isomerides is indicated 
(Pound : Cl, 19*6. C^H^O^NC! requires Cl, 11*0%). 

4?-Chbro~4^hydroxydipMnylamine forms pale green leaflets (yield, 
72%), m. p. 91° (Pound : Cl, 15*9. G 12 H 10 ONC1 requires Cl, 16*2%). 
The p-toluewmlphomte has m. p. 93—94° (Found: Cl, 9*3. 
Ci^HieOgNClS requires Cl, 9*5%). 

^•GUorobenzoquinoneanil crystallises in dark red, massive prisms, 
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m. p. 83*5°, insoluble in water, sparingly soluble in alcohol, hot or 
cold, and in cold petroleum and acetic acid, readily soluble in chloro¬ 
form and benzene (Found: Cl, 16*0. C 12 H s ONC 1 requires Cl, 16*3%). 

2:2': 4' -TrichloroA-benzoyloxy- and - 4:-p4oluenesulphonyloxy-di - 
phenylamines are prepared at 50—55° from the 4-acyloxy-compounds 
or their monochloro-derivatives and separate on cooling. The 
benzoyloxy-compovcnA. has m. p. 114° (Found : d, 27*3. ^19^12^2-^^3 
requires Cl, 27*1%); the toluenesulphonyloxy-compomid crystallises 
from hot benzene-petroleum or from acetic acid in prisms, m. p. 
130*5° (Found : Cl, 24*3. C 19 H 14 0 3 Nd 3 S requires d, 24*1%). 

2 : 2 ': 4' - Trichloro - 4 - hydroxydiphenylamine, crystallised from 
glacial acetic acid and then from petroleum, forms prisms, never 
quite colourless, m. p. 128° (Found : d, 36*7. C 12 H 8 0NC1 3 requires 
Cl, 36*9%). 

2:2': 4 '-Trichlorobenzoquinoneanil separates from petroleum 
(b. p. 40—60°), containing a very little benzene, in long, bronzy 
needles, m. p. 72*5°. It is readily soluble in all organic solvents 
except light petroleum (Found: Cl, 37*1. Ci 2 H 6 (Md 3 requires 
d, 37*2%). 

2:6:2': 4z'-Tetrachloro-4:-p4oluenesulphonyloxydiphenyla?nine is 
obtained from the trichlorotoluenesulphonyloxydiphenylamine at 
45—50°, and is separated from the other isomerides produced only 
by a tedious series of fractional precipitations from chloroform and 
light petroleum. It is much more soluble in common solvents than 
the tri- and penta-chloro-derivatives, and crystallises from acetic 
acid, chloroform, and petroleum (b. p. 110°) in prisms, m. p. 126° 
(Found : d, 30*1. C 19 H 13 0 3 Nd 4 S requires d, 29*8%). 

The ietrachlordhydroxy -compound solidifies with difficulty, but 
after being thoroughly washed and dried it maybe obtained crystal¬ 
line by the addition of petroleum, b. p. 40—60°, to a solution in 
petroleum, b. p. 110°; it then melts at 113° (Found: Cl, 44*3. 
C^H-jONC^ requires d, 44*0%). The tetrachlorobenzoyloxy- com¬ 
pound is obtained by benzoylating the tetrachlorohydroxy-com- 
pound in pyridine; after crystallisation from petroleum (b. p. 60— 
85°) it melts at 114*5° (Found : d, 33*1. C 19 H 11 0 2 Nd 4 requires 
d, 33*3%). 

2:6:2': 4:'~TetracMorobenzoquinoneanil separates from ethyl 
acetate in violet crystals, m. p. 143° (Found : d, 44*5. C-^HgONC^ 
requires d, 44*2%). 

2:6:2': 4': §'-PentaMoroA-benzoyloxydip}ienylamine is prepared 
from the mono- or trichloro-derivative; after crystallisation from 
alcohol (yield, 62%) it melts at 133—134° (Found: , d, 38*0. 
Ci 9 H 10 O 2 Nd 5 requires d, 38*4%). The toluenesulpJicnyloxy^ 
compound is prepared from the trichlorosulphonyloxy-compound 
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at 55°; on cooling, it separates in quantitative yield, in prisms, m. p. 
156-5°, unaltered by crystallisation from acetic acid. It is also 
obtained by passing chlorine into a hot acetic acid solution of 
4 -p-toluenesulphonyloxydiphen 3 7 lamine in presence of anhydrous 
sodium acetate. It is soluble in chloroform, but sparingly soluble 
in other solvents (Found: Cl, 34-7. C 19 H 12 0 3 NC1 5 S requires 

d, 34*7%). The pentachlorohydroxy-com^oimd crystallises from 
petroleum in clear brown prisms, ra, p. 156° (Found: Cl, 49*2. 
C 12 H 6 ONd 5 requires Cl, 49-6%). The monoacetyl derivative, 
obtained by treating the hydroxy-compound in acetic acid with 
acetic anhydride in the presence of sodium acetate, has m. p. 126°. 
It is insoluble in alkali, very soluble in benzene, petroleum, and 
chloroform, and sparingly soluble in acetic acid (Found : Cl, 44*0. 
C 14 H 8 0 2 NC1 5 requires Cl, 44-4%). 

2 : 6 : 2': 4' : 6' -Pentachlorobenzoquinoneanil (prepared by the 
chromic acid method) forms fine, bronzy-red needles with a metallic 
lustre, m. p. 163° (Found: Cl, 49*5. C 12 H 4 0NC1 5 requires Cl, 49*9%). 

All attempts to chlorinate further p-benzoyloxy- and 4-p-toluene- 
sulphonyloxy-diphenylamine have been unsuccessful, as is to be 
expected. 

2 : 3 : 6 : 2': 4': d'-HexachloroA-hydroxydiphenylamine is prepared 
from pentachlorohydroxydiphenylamine and forms hemispherical 
nodules, m. p. 114° (Found: Cl, 53-6. C 12 H 5 0NC1 6 requires Cl, 
54*3%). Benzoylation in pyridine gives the benzoyloxy-derivative, 
which, crystallised from alcohol and then from petroleum, forms 
small clusters of hard, glistening, brown prisms, m. p. 125° (Found : 
Cl, 42*5. C^HgOaNClg requires Cl, 42*9%). The toluenesulphonyl- 
oiry-derivative crystallises from glacial acetic acid in white prisms, 
m, p. 141° (Found : Cl, 39*0. C 19 H 11 0 3 NC1 6 S requires Cl, 39*0%). 

2 : 3 : G : 2': 4': ft'-JIexachlorobenzoquinoneanil* is obtained by the 

* The synthesis of this compound establishes the hitherto uncertain con¬ 
stitution of the iaomeride yielding the same fission products which was obtained 
by Orton and Smith (J., 1905, 87, 389) as a product of the transformation of 
s-trichlorophenylnitroamine, as the 2 : 3 : 5 : 2': 4': 6 / -compound. Similar^, 
the preparation of 2 ; 6 : 2': 4': 6'-pentabromobenzoquinoneanil (p. 2861) 
establishes the constitution of the isomeride produced by transformation of 
s-tribromophenylnitroamine (Orton and Smith, J., 1907, 91, 146) as the 
3 : 5 :2': 4': fi'-pentabromo - compound. It is regretted that, owing to a 
clerical error, the melting points of the penta- and hexa-bromobenzoquinone- 
anils given in that paper have become interchanged. Further examination 
has shown that the hexabromoquinoneanil then obtained was not completely 
pure. The following corrected melting points are given to avoid ambiguity : 

3:5:2': 4': 6 / -Pentabromo-4-hydroxydiphenylamine, m. p. 157°. 

3:5 : 2': 4': 6'-Pentabromobenzoquinoneanil, m. p. 150*5°. 

: 2 ; 3 : 5 :2': 4': 6'-Hexabromo-4-hydroxydiphenyIamine, m. p, 216°. 

, 2 : 3 : 5 : 2': 4': B'-Hexabromobenzoquinoneanil, m. p. 171°. 
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chromic acid method as a black, crystalline solid, m. p. 114° after 
recrystallisation from alcohol. It dissolves in ordinary solvents, 
except alcohol, to give violet solutions (Found: d, 54*2. 
C 12 H 3 0NC1 6 requires Cl, 54-65%). On treatment of the red-brown 
solution in sulphuric acid (1 in 100) with water, the colour changes 
to light yellow and a mixture of yellow plates and red needles 
separates. The mixture is collected and digested with a little cold 
alcohol; the yellow trichlorobenzoquinone remaining undissolved 
melts, after crystallisation from hot alcohol, at 162—163°. Careful 
dilution of the alcoholic extract gave s-trichloroaniline, m. p. 77-5° 
(acetyl derivative, m. p. 204°). 

HeptachloroA-hydroxydiphenylamine. —The pentachlorohydroxy- 
diphenylamine (5 g.; 1 mol.) in 15 c.c. of acetic acid is treated with 
a solution of N-chloroacetamide (1*35 g.; 1 mol.) in 5 c.c. of the same 
solvent, together with two drops of 20% hydrochloric acid, the 
mixture becoming at once deep violet. After 1 hour, a like amount 
of chloroamine is added. No chlorine remains after 18 hours. The 
solution is decolorised by heating with zinc dust and the boiling 
suspension is filtered at once. White needles (55%) separate on 
cooling, m. p. 158—159°, unchanged on recrystallisation from 
petroleum or slightly diluted acetic acid (Found: Cl, 58*05. 
C 12 H 4 0NC1 7 requires Cl, 58*3%). 

The benzoyloxy-deviv&iiYe crystallises from glacial acetic acid in 
massive, white plates, m. p. 164° (Found : Cl, 46*5. C 19 H 8 0 2 NC1 7 
requires Cl, 46-8%). The sulphonylation of the heptachloro- 
hydroxy-derivative is characterised by its slowness, due no doubt 
to the presence of two ortho-substituents. After 45 minutes’ 
shaking, a violet solid has separated; after being washed with water 
and with benzene, it crystallises from glacial acetic acid in -white 
needles, m. p. 141-5° (Found: Cl, 42-4. C 19 H 10 O 3 NCl 7 S requires 
Cl, 42-8%). 

HeptacMorobenzoquinoneanil separates from alcohol in small, 
black crystals, m. p. 114°. Its solutions are violet. Fission by 
dilute sulphuric acid (1 in 50) and addition of water gives successively 
tetrachlorobenzoquinone (which sublimes in pale yellow, iridescent 
plates, not molten at 260°) and s-trichloroaniline, m. p. 77*5°. 

Action of Hydrochloric Acid on 2 : 6 : 2': 4': Q'-Pentachlorobenzo- 
quinoneanit —Concentrated hydrochloric acid (2 c.c.) was added to 
the quinoneanil (1*5 g.) in glacial acetic acid (100 c.c.). After 18 
hours, the bluish-green solution was treated with zinc dust to remove 
the excess of hydrochloric acid, filtered, and diluted with 300—400 
c.c. of water. Hexachlorohydroxydiphenylamine separated as 
white, crystalline crusts, m. p. 114° after recrystallisation. The 
action of hydrochloric acid on 2 : 3 : 6 : 2': 4': G'-hexachlorobenzq*; 
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quinoneanil in a similar maimer yielded heptachlorohydroxydi- 
phenylamine. 

Bromo-compounds. 

4 f -Bromo-4:-benzoyloxydiphenylamine. — p-Benzoyloxy diphenyl- 
amine (5 g.; 1 mol.) and anhydrous sodium acetate (2 mols.), 
dissolved in 250 c.c. of acetic acid, were treated with a solution of 
bromine (0*865 c.c,; 1 mol.) in 125 c.c. of acetic acid. After | hour, 
dilution to 75% caused slow separation of white, fibrous needles, 
which, after crystallisation from alcohol or benzene-ligroin, melted 
at 150*5° : yield, 33% (Found: Br, 21*2. C 19 H 14 0 2 lSrBr requires 
Br, 21*7%). 

By hydrolysis of the above, the hydroxy- compound was obtained 
as thin laminae, m. p. 108°, in 75% yield (Found: Br, 29*7. 
C 12 H 10 ONBr requires Br, 30*3%). 

4' -Bromobenzoquinoneanil was obtained by oxidation of the 
hydroxy-compound with excess of yellow mercuric oxide. The 
solution was evaporated to a small volume and the quinoneanil 
then separated in scarlet crystals, m. p. 100—104°, The melting 
point of this substance, which appears to be dimorphic, is not sharp 
and depends on the nature and temperature of the solvent (Found : 
Br, 29*8. C 12 H 8 0]SrBr requires Br, 30*5%). Fission gave^-bromo- 
aniline, but no trace of p-benzoquinone was found. 

2:2': 4 f -Tribromo-4-p4oliwnesidphonyloxydiphenylamine was pre¬ 
pared, by the method described above, from 4-p-toluenesulphonyl- 
oxydiphenylamine at 50°, and crystallised from benzene-petrol¬ 
eum, acetone, or glacial acetic acid (Found: Br, 41*7; S, 5*6. 
0 19 H 14 03 ]SBr 3 S requires Br, 41*7; S, 5*5%). The tribromo-4- 
benzoyloxy-compound obtained by Smith and Orton (loc. cit.) is 
produced in better yield by the Sehotten-Baumann method or by 
bromination of ^-benzoyloxydiphenylamine. Both esters are 
sparingly soluble in common organic media, and give on hydrolysis 
the tribromohydroxydiphenylamine described by Smith and Orton 
{loc. cit), this synthesis providing the further evidence required to 
establish it as 2 : 2': 4' 4ribromo-4-hydroxydiphenylamine. 

The low solubility of tribromoacyloxydiphenylamines necessitated 
the following procedure: Finely powdered tribromo-4-p-toluene- 
sulphonyloxydiphenylamine was exposed to the vapour of bromine 
in the presence of anhydrous sodium phosphate or sodium borate, 
and after 20 hours the absorbed bromine was removed by evacuation. 
Extraction with boiling benzene gave a quantitative yield of white, 
prismatic crystals of the sparingly soluble 2 :6 : 2': 4': 6'-penta- 
bromo-4~p4olue7ie8ulphmyloxydiphenylamine, m. p. 210° (Found: 
Br, 54-1. C 19 H 12 0 3 NBr 5 S requires Br, 54*5%), 
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The hydroxy-o, ompoiind (yield, 60%) crystallised from ligroin 
containing 5% of benzene, or from 75% alcohol, in massive, brown 
prisms, m. p. 206—207° (Found : Br, 68*5. C 12 H 6 ONBr 5 requires 
Br, 69*0%). The Je^^toy-derivative, prepared by benzoylation 
in pyridine, separated after 24 hours and was precipitated from 
benzene solution by light petroleum in white needles, m. p. 141— 
142° (Found : Br, 58*6. C 19 H 10 O 2 NBr 5 requires Br, 58*5%). 

2 : 6 : 2': 4': §'-Pentabromobenzoquinoneanil } prepared by the 
chromic acid method, has m. p. 184—185° (Found: Br, 68*7. 
Ci 2 H 4 OISFBr 5 requires Br, 69*2%). Fission gave 5 -tribromoaniline 
and 2 :6-dibromobenzoquinone. 

Pentabromo-4-hydroxydiphenylamine with bromine in acetic acid 
solution in the absence of an absorbent for hydrogen bromide, 
yielded heptabromohydroxydiphenylamine (Smith and Orton, 
be. cit .), but in the presence of sodium acetate oxidation to the 
violet quinoneanil occurred. An attempt to sulphonylate the 
heptabromohydroxy-compound by the Schotten—Baumann method 
gave a substance , m. p. 188°, soluble in 5% alcoholic potash, which 
was neither the initial material nor the desired sulphonyloxy- 
compound (Found : Br, 70*4%). 

All attempts to sulphonylate 2:5:2': 4'-tetrabromo- and 
2 :3 : 5 : 2': 4'-pentabromo-4-hydroxydiphenylamine (Smith and 
Orton, loc. cit.) by the Schotten-Baumann procedure and the 
various modifications of Einhom’s method (compare Fischer and 
Pfaehler, Ber ., 1920, 53, 1642; Ohle, Ber ., 1924, 57, 409; Ohle and 
Dickhauser, Ber., 1925, 58, 2593) failed. 

In general, the sulphonyloxy-compounds are brominated more 
smoothly than the benzoyloxy-compounds, but the failure to sul¬ 
phonylate the two hydroxy-compounds above led us to investigate 
the effect of bromine on the corresponding benzoyloxydiphenyl- 
amines. Although two positions ortho to the powerfully directing 
imino-group are present in 2:5:2': 4'-tetrabromo-4-benzoyloxy- 
diphenylamine, this substance brominates too slowly to permit 
isolation of higher derivatives. Prolonged refluxing with bromine 
in carbon tetrachloride solution is followed by recovery of initial 
material. More drastic conditions such as the gaseous bromine- 
sodium phosphate method, or in chloroform in the presence of 
ferric chloride, lead to complete disruption of the molecule. Some¬ 
what similar results followed from the work on 2 : 3 : 5 : 2': 4'-penta- 
bromo-4-benzoyloxydiphenylamine, bht gaseous bromine converted 
it into a viscous, dark liquid from which a small amount of hepta- 
bromobenzoyloxydiphenylamine was isolated. 
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Clilorobromo-compounds. 

6 : &-Dichloro-2 : 2' : &'4ribromo-4:-p4oluenesulphonyloxy - and 
- i-benzoyloxy-diphenylamines .—Because of low solubility, the tri- 
bromo-4-aeyloxydiphenylamines were chlorinated in suspension in 
acetic acid solutions of dichloramine T (100% excess); after 18 
hours, 2 equivalents of chlorine had disappeared, a quantitative 
yield of pentahalogenated derivative having separated. 

The sulphonyloxy- compound melted, after crystallisation from 
petroleum, at 185° (Found:* Hals., 131*2; AgCl, 111*6. 
C 19 H 12 03 Na 2 Br 3 Srequires Hals., 131*9; AgCl, 111*3). The benzoyl- 
oir^-compound, after crystallisation from acetic acid, melted at 153° 
(Found: Hals., 140*9; AgCl, 119. C 19 H 10 O 2 NCl 2 Br 3 requires 
Hals., 143; AgCl, 120*6). Both esters are very sparingly soluble in 
all solvents. Hydrolysis of these gave the hydroxy- compound in 
small, brown prisms which, after twice crystallising from petroleum, 
melted at 166° (Found : Hals., 171*6; AgCl, 145*1. C 12 H 6 ONCl 2 Br 3 
requires Hals., 173*1; AgCl, 146*1). 

6: 6'-Dichloro-2 : 2' : 4' 4ribromobenzoquino7ieanil, obtained by the 
chromic acid method, crystallised from acetic acid in deep purple, 
irregular prisms, m. p. 150° (Found: Hals., 173*1; AgCl, 147*8. 
Ci 2 H 4 ONCl 2 Br 3 requires Hals., 174*0; AgCl, 146*6). By careful 
dilution of its solution in concentrated sulphuric* acid, 2-chloro-4 : 6- 
dibromoaniline was obtained. 

2:2': 4:'-TrichloroS : 6' -dibromoA-p-toluenesulphonyloxydiphenyl- 
amine. —Trichlorosulphonyloxydiphenylamine was brominated by 
the bromine vapour-sodium borate (phosphate) method. After 
crystallisation from benzene, chloroform, or petroleum, the product 
melted at 174°. Yield, quantitative (Found : Hals., 133*5; AgCl, 
120*1. Ci 9 H 12 0 3 Na 3 Br 2 S requires Hals., 134*3; AgCl, 119*5). 
The benzoyloxy-comvomid, prepared similarly, formed a sticky 
magma, which was suspended in acetic acid and freed from bromine 
by passage of sulphur dioxide. On warming, the material dissolved, 
and then separated in colourless prisms, m. p. 134° (Found : Hals., 
149*6; Agd, 133*8. C 19 H 10 ONCl 3 Br 2 requires Hals., 146*5; AgCl, 
130*8). The hydroxy- compound, after repeated crystallisation from 
75% acetic acid, formed irregular prisms, m. p. 180°, readily soluble 
in all other organic solvents (Found: Hals., 176*5; AgCl, 157*8. 
C^H 6 ONa 3 Br 2 requires Hals., 180*5; Agd, 160*9). 

* For the Carms estimation of some of the substances here described, 
prolonged beating at 300° was required. In sucb cases, Robertson’s method 
(«T., 1915, Iff?, 902) frequently proved of service. For the analysis of the 
chlorobromo-eompounds, the mixture of silver halides (the weight of which, 
obtained from 100 parts of the substance, is denoted by et Hals.”) obtained 
was usually converted into silver chloride by warming in a current of chlorine. 
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By the chromic acid method 2:2': 4 f 4richloro-6 : Q'-dibromo~ 
bmzoquinoneanil was obtained in massive, black prisms, m. p, 170° 
after crystallisation from chloroform (Found : Hals., 181*8; AgCl, 
162*5. C 12 H 4 ONCl 3 Br 2 requires Hals., 181*4; AgCl, 161*6). The 
fission of this quinoneanil requires care : a solution of 0*25 g. in 
25 c.c. of concentrated sulphuric acid was slowly diluted with water 
to 20%. A small quantity of solid (unexamined) separated, and 
ether extraction then removed 2 :4-dichloro-6-bromoaniline, m. p. 
78° (acetyl derivative, m. p. 217°). Chattaway and Orton (J., 1901, 
79, 816) give m. p. 83° and 218°, respectively. 

2:2': 4'- TricMoro~5-bromo-A-hydroxydiphenylamine .—Trichloro- 
hydroxydiphenylamine in acetic acid solution containing sodium 
acetate was oxidised by bromine, giving quinhydrone-like complexes, 
but their formation was avoided when 1*85 c.c. of bromine in 25 c.c. 
of chloroform were added to 10 g. of the amine in 100 c.c. of boiling 
chloroform during 1 hour; evolution of hydrogen bromide ceased 
after 2*5 hours. The solution, concentrated to 25—30 c.c., deposited 
matted needles which, after crystallisation from petroleum, melted 
at 127—128° (yield, 5*9 g.); a further 2 g. were recovered from the 
mother-liquor (combined yields, 60%). The compound is easily 
soluble in aqueous caustic soda (Found: Hals., 165*0; AgO, 
152*8. C 12 H 7 ONCl 3 Br requires Hals., 167*4; AgCl, 155*3). The 
benzoyloxy-compoxmd separated from pyridine; m. p. 186° (Found : 
Hals., 129*4; AgCl, 120*0. C K H u 0 2 NCl 3 Br requires Hals., 131*2; 
AgCl, 121*7). 

When the above hydroxy-compound was sulpkonylated in the 
usual way, and the reaction product kept for 2 hours in a freezing- 
mixture, a red, crystalline solid separated. Following washing with 
water and with light petroleum, crystallisation from slightly diluted 
acetic acid gave colourless prisms of 2:2': 4' 4richloro-5-bromoA- 
sulphonyloxydiphenylamine , m. p. 114° (Found: ' Hals., 117*9; 
AgCl, 109*5. C 19 H 13 03 NQ 3 BrS requires Hals., 119*0; AgCl, 110*1). 

2 : 2": 4' - Trichloro - 5 - bromobenzoquinoneanil (mercuric oxide 
method) crystallised from benzene or petroleum, or a mi xt ure of the 
two, in hemispherical nodules of red, spear-shaped needles, m. p. 
115°. Fission by solution in 45 volumes of concentrated sulphuric 
acid and slow dilution to 25% strength, followed by steam distil¬ 
lation, gave a yellow quinone, m. p. 172°, reduction of which by 
sulphur dioxide in aqueous-alcoholic solution gave a colourless quinol, 
m. p. 169° (2-chloro-5-bromobenzoquinone and 2-chloro-5-bromo- 
quinol both melt at 172°). Neutralisation of the acid liquor, followed 
by distillation in steam, gave 2 : 4-dichloroaniline, m. p. 61° (acetyl 
derivative, m. p. 145°). 

2:2': 4 '-Trichloro-5 : &-dibrorm^hydroxydiphmylcmine f pTepaxed 
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by refluxing trichlorobromohydroxydiphenylamine (10 g.) and 
bromine (1 mol.) in 80 c.c. of chloroform for 90 minutes, separated, 
on cooling, in white needles, m. p. 189° after two crystallisations from 
chloroform (Found: Hals., 176*9; AgCl, 160-5. C 12 H 6 ONCl 3 Br 2 
requires Hals., 180-5; AgCl, 160*9). Fractions obtained from the 
chloroform mother-liquor appeared to contain isomerides. Attempts 
to sulphonylate and benzoylate this substance failed. 

2:2': 4' -TrichlorO’5 : 6 ^dibromobenzoquinoneanil (chromic acid 
method) formed small, vermilion, scintillating needles, m. p. 133° 
(Found : Hals., 177-7; AgCl, 159-1. C 12 H 4 ONa 3 Br 2 requires Hals., 
181-4; AgCl, 161-4). Fission gave golden-yellow plates, m. p. 165° 
(2-chloro-5-bromobenzoquinone melts at 172°), and on dilution to 
20% strength 2 : 4-dichloro-6-bromoaniline was precipitated. 

2:2': 4' -Trichloro-3 : 5 : 6 : &4etrabromoA4iydroxydijphenylamine. 
—To a solution of 4 g. of triehlorohydroxydiphenylamine in 40 c.c. 
of chloroform boiling under reflux, 2-8 c.c. (4 mols.) of bromine in the 
same solvent were slowly added; hydrogen bromide was at first 
rapidly evolved. The mixture was then transferred to a silica flask, 
with excess of bromine, and exposed to sunlight for 3| days, the 
solid that had separated after 12 hours being redissolved by gentle 
warming. The large, thin laminae (3*9 g.) which separated were 
broken up, and freed from bromine and chloroform over charcoal 
and potash in a vacuum; m. p. 160°. Evaporation of the mother- 
liquor yielded a further 3-5 g. (combined yield, 89%) (Found: Hals., 
194*5; AgCl, 165-1. C^H^NClgB^ requires Hals., 195*7; AgCl, 
166-2)* The benzoyloxy-compound crystallised from chloroform- 
acetic acid in small, elongated prisms, m. p. 163° (Found: Hals., 
169-8. C 19 H 8 0 2 NCl 3 Br 4 requires Hals., 169-7). Attempts to 
sulphonylate the hydroxy-compound failed. 

2:2': 4' -Trichloro-Z : 5 :6: &4etmbromobenzoqumoneanil (chromic 
acid method) crystallised from acetic acid in slender, indigo needles, 
m. p. 136°. Fission and dilution gave a very sparingly soluble 
substance, m. p. 294°, and 2:4-dichloro-6-bromoaniline. The 
literature notes the insolubility of chlorotribromoquinone and records 
two values for its m. p., viz., 292° and 303°. 

We are indebted to the Royal Society, the Chemical Society, and 
the British Association for grants which have partly defrayed the 
cost of this research. 

Uxiversitv College of North Wales, 

Bangor. 
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CCCLXXXIII.— Substitution Products of k-Hydroxy - 
benzophenone and of its Methyl Ether . 

By William Blakey, Walter Idris Jones, and Harold 
Archibald Scarborough. 

The orientation of substituents in the benzophenone series has been 
investigated in but few eases, e.g. 9 the introduction of bromine 
(Kottenhahn, Annalen , 1891, 264, 170; Kunkel, Ber., 1904, 37, 
3485), the direct nitration of benzophenone and of the isomeric 
mononitrobenzophenones (Staedel, Annalen , 1878,194, 347; 1883, 
218, 344; 1895, 283, 164), and the introduction of a nitro-group 
into certain 4-halogenobenzophenones (Montague, Ber., 1916, 49, 
2262), and it was found that the first substituent entered the 
unsubstituted nucleus, usually with the production of the three 
possible isomerides. 

The nitration of 4-methylbenzophenone gave derivatives the 
structure of which seems to be uncertain (Zincke, Ber., 1872, 5, 685; 
1874, 7, 983; Limpricht, Annalen , 1895, 286, 324). 

These results and those observed in the diphenyl series show 
marked similarities, and it therefore seemed of interest to consider 
the substitution products of 4-hydroxybenzophenone and of its 
methyl ether. 

The direct chlorination of 4-hydroxybenzophenone in acetic acid 
solution gave 3 : 5-dicJiloroA-hydroxybenzophenone ; under all the 
conditions tried, the same product was obtained. 

The reaction of 4-hydroxybenzophenone with bromine could be 
regulated, and 3-bromo- and 3 : 5-dibromo-4-hydroxybenzophenone 
were obtained when the ketone, dissolved in acetic acid, was treated 
with the appropriate quantity of bromine. The same dibromo- 
derivative was obtained when the ketone was shaken with an aqueous 
bromine solution or treated in alkaline solution with bromine. 

The iodination of 4-hydroxybenzophenone in alkaline solution 
yielded the 3-iodo- derivative; treatment with iodine monochloride 
in acetic acid solution gave 3 : 5-di-iodo - 4z-hydroxybenzophenone . 

A single nitro-group was introduced into 4-hydroxybenzophenone 
by treating the ketone with nitric acid in glacial acetic acid solution 
at 50° or by merely dissolving it in cold nitric acid. Solution in nitric 
acid at 40° gave 3 : 5-dinitro-4-hydroxybenzophenone. Attempts 
to obtain higher substitution products seemed to result in partial 
oxidation. 

The direct chlorination of the methyl ether could be controlled 
and 3 -chloro- and 3 : B-dichloroA-methoxybenzophericme were isolated. 

On bromination of the methyl ether, 3-broimA-methoo(%bmzo- 
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phenone was obtained under* all conditions which did not involve a 
demethylation. In contrast to this, the chlorination of the mono- 
bromo-derivative proceeded smoothly and S-chloro-o-bromoA- 
mzthoxybenzophenone was obtained. 

The introduction of one atom of iodine was effected with iodine 
monochloride, and higher iodination products than 3-iodo-4- 
methoxybenzophenone could not be obtained. 

The formation of 3-nitroA-methoxybenzophenone took place when 
the methoxybenzophenone was dissolved in fuming nitric acid. 
Nitration in a mixture of sulphuric and acetic acids yielded a mixture 
of dinitro-compounds; the formation of 3: S'-dinitroA-methoxybenzo- 
phenone has been definitely established. A second isomeride is most 
probably 2': 3-dinitro-4-methoxybenzophenone, but this structure is 
based on a process of elimination of probable products. In addition 
to these isomerides there was a residue which after repeated crystal¬ 
lisations still seemed to be a mixture. 

Trinitration products were obtained when nitration was effected 
in concentrated sulphuric acid solution. The formation of 3 : 3'; 5 
trinitroA-methoxybenzophenone has been definitely established; an 
isomeride is shown to have two nitro-groups in the 3:5-positions 
and it is suggested that the third nitro-group is in the 2'-position. 
After the separation of the two pure products, a residue was obtained 
which could not be further purified. 

The most suitable methods for the determination of the structure 
of the substitution products were : (a) oximation and conversion 
of the oximes into anilides. This procedure was found satisfactory 
provided not more than one nitro-group was present in the molecule; 
considerable difficulty was experienced in effecting the oximation of 
dinitro-derivatives, and the product could not be purified easily. 
(b) Synthesis of the substituted ketone by the Friedel-Crafts 
reaction was effective in the case of certain of the nitro-derivatives. 

Oxidation to a substituted benzoic acid was not very satisfactory, 
as it was difficult to avoid complete oxidation of the molecule. 

A survey of the results obtained shows that in 4-hydroxybenzo- 
phenone each ortho-position with respect to the hydroxyl group may 
be substituted with ease, irrespective of the nature of the substituting 
groups. Substitution in the opposite nucleus could not be effected 
before the 3 :5-positions were filled. 

The methyl ether behaves somewhat differently, in that one 
position only in the ortho-relationship to the methoxyl group is 
usually substituted. Chlorine behaves abnormally, in that both 
positions may be substituted by this reagent. On nitration, a second 
substituent enters the unsubstituted nucleus. 

A comparison of these results with those obtained in the diphenyl 
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series shows that in each case the presence of a hydroxyl group 
promotes substitution in all vacant positions in the ortho-para 
relationship to this group; the presence of such groups as the 
halogens or the nitro-group inhibits substitution in the same nucleus. 

The conversion of the hydroxyl group into the methoxyl group 
reduces the directive power, and although the first substituent 
enters in an ortho-position to this group, the second entering group 
usually goes into the opposite nucleus. 

Experimental. 

4-Methoxybenzophenone was prepared from anisole and benzoyl 
chloride by Gattermann’s method {Ber. s 1890, 23, 1204). 

4:-Hydroxybenzophenone .—The hydrolysis of all the methyl ethers 
was effected as follows: 5 G. of the ether and 20 c.c. of 48% hydro- 
bromic acid were dissolved in acetic acid and refluxed for about 12 
hours. Part of the acetic acid was then removed, and the residue 
poured into water. The acid was neutralised with ammonia, the 
product taken up in ether, and the hydroxy-ketone shaken out with 
a 10% solution of sodium hydroxide and reprecipitated with sulphuric 
acid. 4-Hydroxybenzophenone separated from dilute methyl alcohol 
in prisms, m. p. 135°. 

4-Acetoxybenzophenone was prepared by acetylation in pyridine 
solution. It crystallised from dilute methyl alcohol in needles, 
m. p. 81° (Found: C, 74-8; H, 5-1. Calc, for C 15 H 12 0 3 : C, 75*0; 
H, 5-0%). 

3 - Chloro-4z-methoxybmzopliGnom was obtained when 4-methoxy- 
benzophenone was treated with chlorine (slightly less than 1 mol.) in 
a cold solution of acetic acid. It separated from methyl alcohol in 
prisms, m. p. 98° (Found : Cl, 14-5. C 14 H n 0 2 Cl requires Cl, 14*4%). 
On further chlorination in acetic acid solution, 3:5-dichloro-4- 
methoxybenzophenone (m. p. 74°) was obtained. The mono-deriv¬ 
ative must therefore have been substituted in the 3-position. 

3 : S-Dichloro-i-inetkoxybenzophenone .—Into a solution of 10 g. of 
4-methoxybenzophenone and 10 g. of fused sodium acetate in glacial 
acetic acid chlorine was passed until the gain in weight was 7 g. 
After some hours, the solution was poured into water. The product 
crystallised from alcohol in colourless needles, m. p. 74°. The same 
product was obtained by chlorination of the molten ketone in the 
presence of iodine or by chlorination in boiling carbon tetrachloride 
solution (Found : Cl, 25*2. C 14 H 10 O 2 Cl 2 requires d, 25-3%). 

The a-oxime was prepared by adding 10 g. of potassium hydroxide 
and 4-5 g. of hydroxylamine hydrochloride, each dissolved in the 
Tnini-mnm quantity of water, to 6 g. of the dichloro-ketone dissolved 
in 100 c.c. of alcohol. The mixture was refluxed for 6 hours, the 
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alcohol in part removed, and the residue poured into water and 
neutralised with dilute hydrochloric acid. The oxime separated 
from alcohol in needles, m. p. 146° (Found : Cl, 23-9. C^H^O^NC^ 
requires Cl, 24*0%). 

3: 5-DicMoro-i-methoxybenzanilide. —4 G. of the oxime, in dry 
ethereal solution, were treated with 7*5 g. of phosphorus penta- 
chloride. After 12 hours, water was cautiously added and the 
ethereal layer was separated, washed, and dried. The anilide, after 
removal of the ether, crystallised from alcohol in pale yellow needles, 
m. p.“ 154° (Found : Cl, 23*95. C 14 H n 0 2 NCl 2 requires Cl, 24*0%). 

On hydrolysis of the anilide (5 g.) with 20 c.c. of 10% hydrochloric 
acid for 6 hours at 140°, aniline and 3 : 5-dichloroanisic acid were 
obtained. 3 : 5-Dichloroanisic acid, prepared by the direct chlorin¬ 
ation of anisic acid, crystallised from alcohol; m. p. 202° (Found : 
Cl, 32*05. C 8 H 6 0 3 C1 2 requires Cl, 32* 1 %). The acid was converted 
into the acid chloride, and the crude product added to a pyridine 
solution of aniline. The anilide thus obtained had m. p. 154°, alone 
or mixed with that prepared from the oxime. 

3: 5-DichloroA-hydroxybenzophenone was obtained from the 
methyl ether or by passing 5 g. of chlorine into a solution of 5 g. of 
4-hydroxybenzophenone and 10 g. of sodium acetate in 100 c.c. of 
acetic acid and keeping the mixture for some hours. The product 
crystallised from methyl alcohol in needles, m. p. 148° (Found : Cl, 
26*6. C 13 H 8 0 2 C1 2 requires Cl, 26*6%). 

S-BromoA-metJioxybenzop]ieno?ie .—A solution of 5 g. of 4-methoxy- 
benzophenone and 5 g. of sodium acetate in acetic acid was heated 
with 4*5 g. of bromine at 100° for 6 hours. The product separated 
from alcohol in needles, m. p. 94°. The same product was formed 
by bromination in the cold, in bright sunlight, or by heating together 
an intimate mixture of 5 g. of the ketone, 5 g. of sodium acetate, 4 g. 
of bromine, and 0*5 g. of pyridine (Found : Br, 27*5. ^uIIiiOgBr 
requires Br, 27*5%). 

Oximation of the ketone was carried out in the manner previously 
described. The a -oxime crystallised from alcohol in plates, m. p. 
164° (Found : Br, 26*0. C^H^OgNBr requires Br, 26*15%). It was 
transformed into Z-bramoA-methoxybenzanilide , which separated 
from alcohol in needles, m. p. 170° (Found: Br, 26*15. 
C^H^OgNBr requires Br, 26*15%). This anilide on hydrolysis 
yielded aniline and 3-bromoanisic acid and was prepared from the 
amine and the acid chloride. 

The $-oxime } which remained in the mother-liquor, was precipit¬ 
ated with water. It separated from 30% aqueous alcohol in 
needles, m. p. 111*5° (Found : Br, 26*1. C 14 H 12 02NBr requires Br, 
26*15%). This oxime formed about 60% of the mixed oximes. On 
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transformation, benzo-S-bromo-^-methoxyanilide was obtained, which 
crystallised from alcohol in needles, m. p. 156° (Pound : Br, 26*25. 
C^H^OgNBr requires Br, 26-15%). The anilide on hydrolysis gave 
3-bromoanisidine (m. p. 56°) and was prepared from the amine and 
benzoyl chloride. 

3-Bromo-4-hydroxybenzophenone was obtained by the hydrolysis 
of the methyl ether or by direct bromination of the ketone in 
acetic acid solution. It crystallised from alcohol in glistening 
needles, m. p. 183° (Found: Br, 28-75. Calc, for C 13 H 9 0 2 Br: 
Br, 28-9%). 

S~Chbro-5-bromo-4:-methoxybenzoplienone was obtained by leading 
chlorine into a glacial acetic acid solution of 5-bromo-4-methoxy- 
benzophenone and fused sodium acetate, and precipitated after 
some hours by pouring the product into water. It separated from 
methyl alcohol in needles, m. p. 92° (Found : 0-1496 g. gave 0*1520 g. 
of silver halides. Calc, weight, 0-1523 g.). The structure assigned 
depends upon the fact that in no case has chlorine been introduced 
into the unsubstituted ring. 

3 : 5-Dibromo-4-hydroxybenzophenone resulted from (a) direct 
bromination of the ketone in acetic acid solution (compare Hantzseh, 
Ber., 1906, 39, 3094; Kostanecki, Ber., 1907, 40, 3662); (b) the 
addition of a 5% solution of bromine in potassium bromide to the 
ketone dissolved in an excess of dilute potassium hydroxide, the 
temperature being kept below 5°; and (c) by shaking the ketone 
with bromine water. . The product separated from alcohol in needles, 
m. p. 155°. 

The same product was obtained when an intimate mixture of fused 
sodium acetate and 4-methoxybenzophenone was treated with 
bromine in a sealed tube at 140°. 

S-IodoA-metlioxybmzoplienoM. —10 G. of 4-methoxybenzophenone, 
dissolved in 100 c.c. of acetic acid, were treated with 12 g. of iodine 
monochloride. After 2 days, the mixture was poured into water, 
and the colour discharged with sulphur dioxide. The semi-solid 
mass crystallised from alcohol in needles, m. p. 81° (Found : I, 37*3. 
C 14 H u 0 2 I requires I, 37-6%). 

The a -oxime crystallised from alcohol in needles, m. p. 182° 
(Found: 1,35*9. requires I, 36-0%). On conversion 

of this o xim e, 34odo^methoxybenzanilide was obtained, which 
separated from alcohol in faintly yellow needles, m. p. 206° (Found : 
1,35*9. C^HjgOgNI requires I, 36*0%). The anilide on hydrolysis 
yielded aniline and 3-iodoanisic acid. The acid separated from 
alcohol in needles, m. p. 240° (Found: 1,45-55. Calc, for C 8 H 7 0 3 I: 
I, 45*65%). A specimen of the acid was prepared from p-cresol for 
comparison. , ‘ 
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The $-oxime, precipitated from the mother-liquor on addition of 
water, crystallised from 30% alcohol in needles, m. p. 135° (Found : 

l, 35*8%). This oxime, on conversion, yielded benz-S-iocloA-meth- 
oxyanilide, which crystallised from alcohol in needles, m. p. 164° 
(Found : I, 35-9. C 14 H 12 0 2 NI requires I, 36-0%). On hydrolysis, 
the anilide yielded 3-iodoanisidine, which separated from alcohol- 
light petroleum in needles, m. p. 75° (Found : I, 51*1. Calc, for 
0 7 H 8 0HI: I, 51*0%). 

The anilide was prepared from o-anisidine by the following stages : 
o-anisidine was converted into o-iodoanisole and nitrated in glacial 
acetic acid solution. The 2-iodo-4-nitroanisoIe thus obtained was 
reduced to the amine, which was treated with benzoyl chloride in 
pyridine. 

3-IodoA-Jiydroxybenzophenone was obtained on the hydrolysis of 
the methyl ether or by treating an alkaline solution of 4-hydroxy- 
benzophenone with a 5% solution of iodine in potassium iodide. 
The product separated from methyl alcohol in plates, m. p. 184° 
(Found : I, 39*05. C 13 H 9 0 2 X requires I, 39*2%). 

3: 5-Di-iodoA-liydroxybenzophenone .—5 G. of the hydroxy- 
ketone together with 10 g. of sodium acetate were dissolved in 100 c.c. 
of acetic acid and treated with 9 g. of iodine monochloride. After 
12 hours, the mixture was poured into water; the precipitate 
obtained crystallised from alcohol in feathery needles, m. p. 145° 
(Found: I, 57*6. C^HgOgla requires I, 57*7%). 

3-A itroA-meihoxybenzophenone .—A solution of 5 g. of 4-methoxy- 
benzophenone in 50 c.c. of nitric acid (d 1*5) was kept for 12 hours, 
and then poured on ice; the semi-solid product crystallised from 
alcohol in yellow needles, m. p. 105° (Found : N, 5*5. C 14 H n 0 4 N 
requires N, 5*45%). 

An oxime was obtained when 17 g. of the nitro-compound 
dissolved in alcohol were treated with 14 g. of hydroxylamine hydro¬ 
chloride and 11*5 g. of potassium hydroxide, each dissolved in the 
minimum quantity of water. A red coloration appeared in the 
solution and acetic acid was added until the colour became yellowish- 
green. After refluxing for 3 hours, the oxime was extracted in the 
usual way. The a -oxime, after repeated crystallisations from 
alcohol, separated in yellow plates, m. p. 179° (Found: N, 10*3. 
C 14 H 12 0 4 N 2 requires N, 10*3%). On conversion the oxime yielded 
Z-nitroA-methoxybenzanilide, which separated from alcohol in needles, 

m. p. 163° (Found: N, 10*3. C 14 H 12 0 4 N 2 requires N, 10*3%). This 
anilide on hydrolysis gave 3-nitroanisic acid and aniline, and was 
prepared from the amine and the acid chloride. 

3-Nitro-4-hydroxybenzophenone was obtained when (a) the 
methyl ether was hydrolysed, (6) 5 g. of 4-hvdroxybenzophenone, 
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dissolved in a mixture of 100 e.e. of acetic acid and 20 c.c. of acetic 
anhydride, were treated with 1-5 c.c. of nitric acid (d 1-5), dissolved 
in 10 c.e. of acetic acid at 50—60°, and (c) a solution of 5 g. of the 
hydroxy-ketone in 100 c.c. of nitric acid (d 14) was kept at 0° for 2 
hours. The product crystallised from methyl alcohol in plates, 
m. p. 94° (Borsehe, Ber., 1917, 50, 1339, gives m. p. 120—121°) 
(Found : N, 5-7. Calc, for C^H^N : N, 5*75%). 

3 : 5-DinitroA-methoz?jbenzophe7ione. — 5 G. of 4-chloro-3 : 5-di- 
nitrobenzophenone (Ullmann, Annakn , 1909, 366, 92), dissolved in 
dry methyl alcohol, were treated with a solution of 1 g. of sodium in 
methyl alcohol. After 12 hours, the product was precipitated by 
pouring the mixture into dilute hydrochloric acid. It separated 
from methyl alcohol in yellow needles, m. p. 105° (Found: C, 55*5; 
H, 3*4. C 14 H 10 O 6 N 2 requires C, 55*6; H, 3*3%). 

3 : 5-Dinitro-4-hydroxybenzophenone was prepared by Ullmann’s 
method (toe. cit .) or by heating a solution of 5 g. of 4-hydroxybenzo- 
phenone in 100 c.c. of nitric acid (d 1*4) at 40° for 30 minutes. It 
crystallised from alcohol in yellow needles, m. p. 138° (Found: 
N, 9*85. Calc, for C 13 H 8 0 6 ISr 2 : If, 9*75%). The product of direct 
nitration did not appear to be a single substance, but no other 
pure compound was isolated. 

&-NitroA-metlioxybenzopliemrie. —18 G. of m-nitrobenzoyl chloride 
and 10*5 g. of a insole, dissolved in 100 c.c. of carbon disulphide, were 
treated with 25 g. of aluminium chloride at room temperature, and 
the reaction completed on the water-bath. The product crystallised 
from alcohol in faintly yellow needles, m. p. 95° (Found : N, 5*5. 
C 14 Hn0 4 N requires If, 5*45%). On hydrolysis, 3'-nitro-4-hydroxy- 
benzophenone was obtained. 

3 : Z'-DinitroA-methoxybeiizophenone. —(a) A solution of 5 g. of 
3'-nitro-4-methoxybenzophenone in 50 c.c. of nitric acid (d 1*5) was 
kept over-night. (6) 15 G. of 4-methoxybenzophenone, dissolved 
in a mixture of 60 c.c. each of acetic and sulphuric acids, were 
treated with 10 c.c. of nitric acid (d 1*5) below 10°; the product, 
which was a mixture of isomerides, was crystallised from acetic acid 
and then repeatedly from alcohol until a pure substance was 
obtained. ( c ) 5 G. of 3-nitro-4-methoxybenzophenone were 
nitrated, in solution in a mixture of sulphuric and acetic acids, with 
2 c.c. of nitric acid (d 1*5). The yield was about 70% of the mixed 
nitration product. 

It separated from alcohol in faintly yellow needles, m. p. 143° 
(Found : N, 9*3. C 14 H 10 O 6 N 2 requires N, 9*2%). 

3 : % f -DinitroA-hydroxybe?izophenone was obtained on demethyl- 
ation. It separated from alcohol in faintly green prisms, in. p. 165® 
(Found : N, 9*8. C 13 H s 0 6 jST 2 requires If, 9*75%). 
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The structure of these compounds follows from their method of 
preparation. 

3 : 4:'-Dinitro-4-methoxybenzophenone. — 4'-Nitro-4-methoxybenzo- 
phenone (Auwers, Ber., 1903, 36, 3891) was nitrated by dissolving 
it in nitric acid (d 1*5) and keeping the solution for 12 hours. The 
product separated from alcohol in small prisms, m. p. 174° (Found : 
N, 9*3. C 14 H 10 O 6 N 2 requires N, 9*3%). 

3 : 3': 5-TrinitroA-methoxybenzoplienone .— (a) A solution of 10 g. 
of 4-methoxybenzophenone in a mixture of equal volumes of 
sulphuric acid and nitric acid (d 1*5) was kept for 2 days. The 
product was a mixture of isomerides, which were separated by 
successive crystallisations from acetic acid, toluene, and acetic acid. 
(b) 3 : 5-Dinitro-4-methoxybenzophenone was nitrated under the 
same conditions and the isomerides were separated, (c) 3 : 3'-Di- 
nitro-4-methoxybenzophenone on nitration gave an almost quantit¬ 
ative yield of the trinitro-compound. This isomeride formed about 
65% of the crude nitration product and was sparingly soluble in 
toluene; it separated from acetic acid in prisms, m. p. 184° (Found : 
N, 12-05. C 14 H 9 O s ]Sr 3 requires N, 12*1%). The structure assigned 
is based on three observations : (1) on prolonged oxidation with 
chromic anhydride in acetic acid solution, a small quantity of 
m-nitrobenzoic acid (m. p. 140°) was isolated, (2) on further nitration 
the two dinitro-4-methoxybenzophenones both yielded the same 
product, and (3) 3 : 3'-dinitro-4-methoxybenzophenone yielded one 
trinitro-compound only. 

2 7 ( ?): Z-DinitroA-methoxybenzophenone was obtained when the 
3 :3'-dinitfo-compound had all been removed from the crude 
nitration product. It was crystallised from toluene and then from 
acetic acid, separating in needles, m. p. 125° (Found : N, 9*35. 
C 14 H 10 O 6 N 2 requires N, 9-3%). 

2'(ty:%:5-Trinitro-4:-methoxybenzoplienone was obtained from 
the crude nitration products of 4-methoxybenzophenone and of 
3 :5-dinitro-4-methoxybenzophenone. It crystallised from toluene 
in glistening, light yellow plates, m. p. 142° (Found: N, 12*1. 
requires N, 12*1%). 

A definite structure cannot be assigned to these compounds, as 
all attempts to prepare a pure specimen of 2'-nitro-4-methoxy- 
benzophenone failed. Three out of the four most probable dinitro- 
4-methoxybenzophenones, however, have been obtained in a state 
of purity and the dinitro-4-methpxybenzophenone, m. p. 125°, was 
not identical with any of these compounds. 

The Univebsity Chemical Labobatories, 

Cambridge. [ Received , August 31$£, 1927.] 
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CCCLXXXIV ,—The Temperature Effects of Mixing 
Mon-aqueous Liquids . 

By Walter Matthew Madgin, John Buttery Peel, and Henry 
Vincent Aird Briscoe. 

A general survey of the temperature changes occurring on mixing 
628 pairs chosen from 37 non-aqueous liquids has shown that these 
changes are frequently of considerable magnitude (Madgin and 
Briscoe, J. Soc . Chem. Ind.> 1927, 46, 107t). The present paper 
describes the further investigation of these changes in selected cases, 
undertaken in the expectation that some light might thereby be 
thrown upon the nature of liquids and liquid mixtures. 

Relationship of Thermal Changes to the Polarity of the Constituent 
Liquids. —It has frequently been assumed (e.g., Hildebrand, 
“ Solubility,” p. 85) that solubility is largely influenced by the 
relative polarity of the molecules concerned. The idea seems to 
be that a liquid composed of strongly polar molecules may easily 
dissolve another very polar liquid, but that the strong attraction 
between such polar molecules may hinder the interposition of non¬ 
polar molecules, and thus may even cause immiscibility with a 
non-polar liquid. 

Detailed examination of the cases included in our original survey 
leads to the conclusion that there are many groups of liquids for 
which the relative values of the thermal effect of mixing differ 
widely from those to be expected from considerations of relative 
polarity. Tor example, hexane, benzene, and toluene are all very 
slightly polar by ordinary standards, and their polarities, as measured 
by the dielectric constant (D.C. = 1*85, 2*27, 2*34, respectively), 
increase slightly in the order named. In most cases the thermal 
effect of hexane with other liquids is more negative than that of 
benzene, which is again more negative than that of toluene. This 
is illustrated by the fact (Madgin and Briscoe, loc. cit.) that the 
number of positive heats of mixing given by hexane, benzene, and 
toluene, respectively, with the same set of other liquids is 0, 7, 
and 12. But in the case of the alcohols and carbon disulphide, 
benzene gives a greater decrease of temperature than either hexane 
or toluene; with alcohols, except methyl alcohol, toluene gives a 
greater negative effect than hexane; with methyl alcohol and carbon 
disulphide, hexane gives the greatest negative effect. These effects 
are not then in accordance with the order of dielectric constant. 

Again, ethyl iodide generally gives a greater negative effect than 
ethyl bromide, which accords with the greater polarity of the 
former corresponding with the D.C. values : 94,74; but exceptions 
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to this order occur in the heat effects with certain alcohols and carbon 
disulphide. Comparing the results of mixing ethylene dibromide, 
ethylene dichloride, chloroform, and bromoform with other liquids, 
it is noticeable that the chloro-compound generally gives the more 
positive heat of mixing, but exceptions occur in admixtures with 
ethyl and methyl iodides, with tetrachloroethane, and with aniline 
and carbon disulphide. 

The doubt whether polarity can be assigned as a major cause of 
the temperature effects is intensified when we consider the cases in 
Table I and also that of water and ethyl alcohol (both having a 


Methyl acetate ... 

Ethyl iodide . 

Ether .. 

Chloroform . 

Acetone . 

Chloroform . 

Acetone . 

Carbon disulphide 

Acetone . 

Ethyl alcohol ... 


Table I. 


Dielectric constant. 

7*n 

7-4/ 

4- 31 

5- 1 f 
21 \ 

5-lj 
21 \ 

2-6J 
21 1 
25 J 


Temperature change on 
mixing equal volumes. 

- 5-1° 

4 14-2 
4 12-65 

- 9-75 

- 6-95 


high D.C. and giving a rise of temperature on mixing), for it is 
apparent that either positive or negative heats of mixing may 
occur (a) with two liquids of small and similar D.C., (6) with two 
liquids having respectively large and small D.C.’s, and (c) with two 
liquids both having large D.C. 3 s. Hence there seems to be no 
simple relationship between the heat of mixing and the polarity of 
the constituent molecules. 

Effect of Variations of Initial Temperature on the Temperature 
Change on Mixing .—The literature contains very few references to 
investigations on the manner in which the temperature change on 
mixing varies with the initial temperature of the liquids mixed. 
Three isolated cases, two including water as one liquid, were 
investigated by Bussy and Buignet {Ann. CMm. Phys., 1865, 4, 5), 
and five cases, of which three included aniline as one liquid, have 
been investigated by Kremann and others (Kremann, Monatsh 
1906, 27, 91; Kremann and Pilch, ibid., 1910, 31, 203; Kremann, 
Meingast, and Guge, ibid., 1914, 35,1235). 

Therefore, as our general survey provided the necessary material 
for selection, it seemed well worth while to examine more widely the 
general trend of the thermal change with temperature for a series of 
mixtures ranging from those with large positive to those with large 
negative temperature changes on mixing. For this purpose, the 
apparatus used was a silvered Dewar tube (1" diam. x 7" deep 
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nternally) with narrow observation windows of the full height on 
opposite sides, provided near the mouth with three internal pro¬ 
jections, on which rested the flange of a test-tube of such length that 
its thinly-blown closed end was about h" from the bottom of the 



10 1..L...£Z .1.1.- - -I- 1 — i— .-l _1 

40° 35° 30° 25° 20° 15° 10° 5° 0° —6° 


Initial temperature of liquids before mixing . 

Pairs of liquids. 

I o-Ghlorophenol: aniline. II Chloroform : ether. Ill Chloroform: acetone. 
IV Chloroform: toluene . V Ether: toluene. VI Acetone: ether. VII Chloro¬ 
form-.hexane. VIII Ethyl alcohol: methyl acetate.. IX Acetone: hexane. 
X Carbon disulphide : aniline. XI Carbon disulphide : ethyl oxalate. XII 
Carbon disulphide : acetone. 

Dewar tube. One liquid (10 c.c.) was placed in the Dewar tube, 
the other (10 c.c.) was within the test-tube : both were previously 
brought approximately to the desired temperature. In the test- 
tube were also a thermometer (— 20° to + 50° by 0*1°) and a pointed 
glass rod; when the tubes and liquids had attained the same 
constant temperature, the end of the test-tube was pierced by the 
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glass rod, the liquids were well mixed, and the temperature change 
was noted. To facilitate mixing, the denser of the two liquids was 
always put inside the test-tube. Twelve pairs of liquids were thus 
examined over a range of temperature; in most cases 6—8 observ¬ 
ations were made, in some as many as 12. The whole of the 
observations are plotted in Fig. 1, and Table II gives for each pair 
of liquids (1) the temperature change from an initial temperature 
of 5°, (2) that from an initial temperature of 30°, and (3) the 
difference due to this change of 25° in the initial temperature. 


Table II. 


Pair of 
liquids. 

1 . 

2. 

3. 

Pair of 
liquids. 

1 . 

2. 

3. 

I 

15-2 

12-1 

3-1 

VII 

— 2-35 

-30 

0-65 

II 

13-1 

10-8 

2-3 

VIII 

-4-6 

-5-3 

0-7 

III 

11-15 

9-4 

1-75 

IX 

—5-65' 

-6-5 

0-85 

IV 

4-1 

2-8 

1-3 

X 

-6-9 

-7-6 

0-7 

v • 

0-9 

0-2 

0-7 

XI 

-7-6 

-7-7 

0-1 

VI 

—1*9 

-2*4 

0-5 

XII 

-8-5 

-8-9 

0-4 


Inspection of the table shows at once that, whether the tem¬ 
perature change is positive or negative, its variation with initial 
temperature is always in the same direction; the temperature 
change is more positive (or less negative) the lower the initial 
temperature. On the other hand, the magnitude of the variation 
in temperature change obviously varies considerably throughout the 
series of mixtures, being generally greater the more positive (or less 
negative) the temperature change for a given initial temperature. 

These observations receive a simple interpretation if, supposing 
each of the two liquids A and B to contain complex (A* and B ?/ ) 
and simple molecules, we assume that the latter, on admixture, may 
associate to form compound molecules, according to the scheme 

A* aA] 

, '^T &A;jBm 

B y 2 /bJ 

and that the dissociations to the simple molecules are endothermic. 
The data here recorded are consistent with the view that alteration 
of the initial temperature changes the thermal effect in the A ? 3m 
equilibrium more than that in the A* and B y equilibria. This may 
occur through a change in the heat of reaction or through a shift 
of equilibrium, or for both of these reasons. 

On entirely different grounds, Bramley (J., 1916,109, 43) reached 
a similar conclusion, which, therefore, whilst clearly needing 
further investigation, has a certain measure of probability. 

Acknowledgment is made of a grant from the Department of 
Scientific and Industrial Research enabling the participation in 
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this work of one of ns (J. B. P.), who has made a large number of 
the determinations of temperature change on which the present 
paper is based. 

Armstrong College, University or Durham, 

Newcastle-on-Tyne. [Received) April 30 th 9 1927.] 


CCCLXXXV .—The Parachor and Chemical Constitu¬ 
tion . Part VL Some Cases of Supposed Ring- 
chain Tautomerism . 

By Frederick Basil Garner and Samuel Sugden. 

The strictly additive character of the parachor sets obvious limits 
to its application to problems of chemical constitution, for a change 
in position of a radical or of a linkage in the molecule has no effect 
upon the value of this constant. If, however, two isomeric sub¬ 
stances differ in structure by the replacement of a double bond by 
a ring, they should exhibit differences in parachor which will be 
greater the greater the number of atoms in the ring. The con¬ 
version of a double bond into a four-membered ring should give a 
decrease in the parachor of II*6 units, whilst the corresponding 
figures for five- and six-membered rings are 14*7 and 17*1, respect¬ 
ively (see values for ring constants, Sugden and Wilkins, this vol., 
p. 142). 

In this paper, the evidence of the parachor as to the structure of 
quinones, acid chlorides, and benzils is presented. Other sub¬ 
stances in which similar structural changes have been postulated 
will be considered in later papers. 


(1) Quinones . 

Most of the reactions of p-quinones are represented by the formula 
(I), but the peroxide formula (II) has been suggested on chemical 
grounds by Graebe (Annalen, 1868, 146, I), whilst Hartley and 
Leonard (J., 1909, 95, 34) and Haakh (J. pr. Ghem ., 1910, 82, 
546), from a study of absorption spectra, and Binder (Chem.-Ztg^ 
1921, 45, 1114), from heats of combustion, also prefer formula (II). 


(I.) 


5 

3 


/\\ 
(IL) 8 ( 
V 


>c-coci >9-ccu 0 
>c—cooi >c—-ccr 


(III.) (IV.) . Ip 

We have measured the parackors of p-benzoquinone and tolu* 
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quinone with the following results, from which it is evident that 
the liquid substances contain little or none of the peroxide form. 

Table I. 

[P], obs. [P], eale. (diketone). [P], calc, (peroxide). 


p-Benzoqiiinone. 236*8 236*1 219*0 

Toluquinone . 272*0 275*1 258*0 


(2) Acid Chlorides. 

The chlorides of dibasic acids would normally be assigned formula 
(III); in some reactions, however, these substances behave as if 
they possessed the structure (IV). 

Auger {Ann. Chin ., 1891, 22, 36), on chemical evidence, con¬ 
sidered that succinyl chloride was a mixture of the two forms, the 
unsymmetrical chloride being in large excess. This view was 
criticised by Morrell (J., 1914, 105, 1733), who maintained that 
this substance should be represented by the symmetrical formula. 
Ott (Annctlen, 1912, 392, 245) agreed with this, although his deter¬ 
minations of molecular volume seemed to indicate the existence of 
an equilibrium mixture of the two forms. 

Phthalyl chloride offers a still more interesting example, for it 
has been obtained in two isomeric modifications melting at 15° 
and 88-5° (Ott, loc. cit .; Scheiber, Ber ., 1913, 46, 2368; Csanyi, 
Monatsh 1919, 40, 81). Ott (loc. cit.) and Pfeiffer {Ber., 1922, 
55, 413) have shown that the less stable high-melting modification 
has probably the unsymmetrical formula, whilst the low-melting 
form has the symmetrical structure. 

We have prepared and examined succinyl chloride and the two 
forms of phthalyl chloride, with the results shown in Table II. 

Table II, 


[P], calc. [P], calc. 

Substance. [P], obs. (symmetrical), (unsymmetrical). 

Succinyl chloride . 282*6 282*6 267*9 


Phthalyl chloride, m. p. 13° ... 373*9 377*5 362*8 

Phthalyl chloride, m. p. 88*5 9 367*8 377*5 362*8 

For succinyl chloride, the parachor shows clearly that the liquid 
has the symmetrical formula and cannot contain an appreciable 
amount of the unsymmetrical modification. With phthalyl chlor¬ 
ide, a difference in the expected direction is found between the 
two isomerides, but the parachors are not in very good agreement 
with the predicted value in either case. This is probably to be 
explained by interconversion of the isomerides (compare Csanyi, 
loc. dt ); the high-melting form is rapidly changed to the low- 
melting form at temperatures above its m. p. and shows a pro- 
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gressive change of density when kept at 90° for an hour. The 
figure given for this substance therefore represents a mixture con¬ 
taining a little of the low-melting isomeride (see p. 2881). We were 
unable to prepare the low-melting form with a m. p. higher than 
13° (Csanyi gives 15°), and this may also have contained a little of the 
other isomeride. In general, therefore, the parachor confirms the 
conclusions of Ott and Pfeiffer as to the structure of the two forms 
of this substance. 

(3) Benzils . 

Benzil and its derivatives may be formulated either as diketones 
(V) or as peroxides (VI). From its reactions and colour, benzil 
itself is usually assumed to have the ketonic structure. Certain 

(V.) C 6 H 5 -C-C‘C 6 H 5 c g h 5 -c=9-c 6 h 5 (VL) 

O 0 0—0 

alkyloxy-derivatives of benzil are white, or very pale yellow in 
colour (Irvine, J., 1907, 91, 536), and the view has been expressed, 
notably by Schonberg and his collaborators (Schonberg and Rraemer, 
Ber., i922, 55, 1174; Schonberg and Malchow, ibid., p. 3746; 
Schonberg and Bleyberg, ibid., p. 3753), that these derivatives 
should be represented by the peroxide formula (VI). It should be 
noted, however, that on fusion these substances give yellow liquids 
which are supposed by Schonberg to contain an equilibrium mixture 
of the two forms. 

We have prepared and measured 2 : 2' -dimethoxybenzil (Irvine’s 
white benzil) with the results shown in Table III. It will be seen 
that the parachors found are in good agreement with the values 
calculated for the diketone formula in both cases, and show no 
indication of the presence of even a small proportion of the isomeride 
having the peroxide structure. 

Table III. 

•Substance. [P], obs. [P], calc, (diketone). [P], calc, (peroxide). 

Benzil.. 480*8 476*0 464*4 

2; 2'-DimethoxybenziI 596*8 594*0 582*4 

Experimental. 

In the course of this work new measurements have been made 
of the surface tension and density of p-benzoqninone, toluquinone, 
succinyl chloride, phthalyl chloride, benzil, and 2 :2'-dimethoxy- 
benzil. Surface tensions were determined by the method of 
maximum bubble pressure (Sugden, J,, 1922, 121, 858; 1924, 
125, 27), The constants for the bubbler used are: App, 14, 
r % = 0*177 cm,, A = 0*001020. Densities were determined with 
the U-shaped pyknometer described previously (j., 1924^ 125, 
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1171), and are recorded in g. per c.e. All temperatures quoted 
are corrected by comparison with a standard thermometer with an 
N.P.L. certificate and are also corrected for exposed stem. 

The tables are set out in the same manner as those given in 
earlier papers of this series and do not need further description. 
For all the substances studied in the present paper, d is very 
small and has been neglected. 

ip-Benzoquinone, C 6 H 4 0 2j M = 108*0. A commercial specimen 
was purified by sublimation and melted at 115*5° (corr.). Some 
difficulty was encountered in the density determinations owing to 
the rapid sublimation of the substance into the cooler parts of the 
pyknometer; this sublimate was therefore removed and the tube 
reweighed after each volume determination. Densities deter- 


mined: Df 

1-085, Df' 

1*074, 

Df' 5 1*064, 

Df'*' 

1*044, whence 

D? = 1*214 - 

- 0*00106*. 




• 

t. 

P. 

D. 


y* 

Parachor. 

123*5° 

2989 

1-083 

1-0435 

31*81 

236*8 

139*5 

2800 

1-066 

1*0456 

29*86 

236-9 

154*0 

2613 

1-051 

1*0482 

27*94 

236-2 

167*5 

2518 

1-036 

1-0493 

26-96 

237-4 






Mean 236-8 


* A correction factor; 

see J., 1924, 125, 31. 



Toluquinone (2-methyl-l : 4-benzoquinone), C 7 H 6 0 2 , M — 122*1, 
was recrystallised from dilute alcohol and melted sharply at 67° 
(corr.). In the density measurements, errors due to sublimation 
were avoided by adopting the procedure described for benzoquinone. 
Densities determined : Df 5 ' 1*081, Df 5 ° 1*069, Df 5 ’ 1*056, 

1*045, Df*' 1*034, whence = 1*152 - 0-000926*. 


t. 

P. 

jD. 

<£• 

y* 

Parachor. 

76*5° 

3191 

1*081 

1*0406 

33*86 

272*3 

92*5 

3010 

1*066 

1*0424 

32-00 

272*4 

107*5 

2836 

1*052 

1*0444 

30*21 

272*0 

121*0 

2687 

1*040 

1*0464 

28-67 

271*7 

131*0 

2586 

1*031 

1-0478 

27-63 

271*6 
Mean 272*0 

Succinyl chloride , 

C 4 H 4 0 2 C1 2 , 

M = 155*0, 

was prepared by the 


action of phosphorus pentachloride on succinic acid and purified 
by repeated distillation under diminished pressure and freezing. 
The final product melted at 18*5° (corr.) and boiled at 95° (corr.)/ 
20 min. Densities determined: Df 1*371, Df 1*339, Df 1*320, 


m 1 ’ 1-301, whence Df = 

= 1*394 — 

0-00112^ 



t. 

P. 

D. 


y* 

Parachor. 

20*0° , 

3634 

1*372 

1*0452 

38*75 

281*8 

49-5 

3321 

1*339 

1*0483 

35*50 

282*5 

v 65*0 

3156 

1*321 

1*0502 

33*81 

283*0 

79-5 

2992 

1*305 

1*0522 

32*21 

282*9 
Mean 282*6 
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as -Phthalyl chloride , C 8 H 4 0 2 C1 2 , M = 203-0. Crude phthalyl 
chloride was prepared by the action of phosphorus pentachloride 
on phthalic anhydride and converted into the unsymmetrical form 
by heating with freshly prepared aluminium chloride (Ott, loc. 
cit.). The crude product was purified as described by Scheiber 
(loc. cit.) and Csanyi (loc. cit.) by slow crystallisation from ligroin 
and mechanical separation of the prisms of the chloride from the 
needles of phthalic anhydride. After four crystallisations, a pure 
product was obtained, m. p. 88-5° (corr.). 

This substance is transformed into the symmetrical modification 
at an appreciable rate even at temperatures just above the melting 
point. The stable form has a smaller density (1-327 at 90°), so 
that the transformation can be followed by the change in density. 
The following results were obtained when the pyknometer containing 
the unsymmetrical chloride was kept at 90°: 

First series. Second series. 

Time (mins.) after /-~-s ,-~-s 

melting . 7 27 47 67 13 22 39 50 

Df . 1*351 1-349 1*347 1-346 1-350 1-348 1*347 1*346 

At the end of the experiment the substance was cooled rapidly and 
its m. p. found to be 81—83°, so that a considerable transformation 
had taken place. The crystals in the pyknometer (about 2 g.) 
required about 30 minutes in the bath at 90° to melt completely ; 
it is evident, therefore, that the highest density found (1*351) is 
still a little lower than that of the pure substance at this tem¬ 
perature; the parachor will therefore be a little too large. The 
two isomerides have almost the same surface tension at 90°; hence 
no change in this constant with time was found for the unsym¬ 
metrical chloride. 


t . P . D . < j >. y. Parachor. 

90° 3358 1-351 1*0482 35-88 367-8 

s-Phthalyl chloride , C 8 H 4 0 2 C1 2 , M = 203-0. This substance is 
difficult to free from phthalic anhydride except by crystallisation 
from ligroin in a cold room (compare Csanyi, loc. cit.). As such a 
room was not available, we converted the purified unsymmetrical 
form into the symmetrical modification by heating at 150° for 
1 hour. The product was fractionated under diminished pressure 
and the specimen used had b. p. 150° (corr.)/23 mm. and m. p. 13° 
(corr.). (Cs&nyi gives 15°, but we were unable to obtain a product 
with this melting point after repeated freezings.) Densities deter¬ 
mined : DT' 1-403, 1*381, Df 1-360, Df? 1*349, Df D327, 

whence DJ = 1*420 — 0-001042. v.s : 
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t. P . D. <£. y. Parachor. 

15° 4169 1-404 1-0403 44-23 372-9 

40 3867 1-378 1-0427 41-12 373*0 

61 3692 1-357 1-0440 39-31 374-5 

90 3390 1-327 1-0469 36-20 375-3 

Mean 373-9 

Benzil , C 14 H 10 O 2 , M = 210-1, was recrystallised from alcohol 
and melted sharply at 95° (corr.}. Densities determined : DJS 9 * 
1-084, D15 8 ' 5 ' 1-071, Dr 1-059, DIF 1-047, D}F 6 ‘ 1-037, whence 


= 1-161 - 

- 0-000762. 





t . 

P. 

D. 

<£. 

y. 

Paraclior. 

103° 

3573 

1-083 

1-0363 

37-78 

481-0 

118-5 

3415 

1-071 

1-0376 

36-13 

481-0 

132 

3289 

1-061 

1-0387 

34-84 

481-1 

149 

3125 

1-048 

1-0402 

33-16 

481-1 

162 

2984 

1-039 

1-0417 

31-70 

480-0 
Mean 480-S 


2 : 2 '-Dimethoxybenzil, C 16 H 14 0 4 , M = 270-2. o-Methoxybenz- 
aldehyde was first prepared by the careful methylation of salicyl- 
aldehyde with methyl sulphate : The aldehyde (1 mol.) and methyl 
sulphate (2 mols.) were mixed and mechanically stirred while 
caustic soda (5 mols.), dissolved in its own weight of water, was 
slowly added. The reaction vessel was well cooled and the addition 
of caustic soda stopped for a time when half of it had been added, 
the mixture having become a stiff cream; the addition of the 
remaining caustic soda caused the evolution of considerable heat, 
and the mixture became thinner. The stirring was continued for 
some hours after all the alkali had been added, and the mixture 
allowed to stand over-night. The crude product was separated, 
washed well with water, dissolved in ether, and the solution dried 
over calcium chloride. Finally, two distillations in a vacuum gave 
a pure product, b. p. 122°/20 mm., m. p. 37° (corr.). 

The aldehyde was converted into the benzil, as described by 
Irvine (loc. cit .). The specimen used melted sharply at 130° (corr.). 
Densities determined : DJF 1*128, D}F 1*126, D\i l ' p M16, 

1-115, Df 6 1-104, Df 5 ’ 1*101, D>r 1-086, whence D'l « 1-217 - 


0*00069*, 





L 

P. 

D. 

<j>. 

y. Parachor. 

137*5° 

3557 

1-122 

1-0378 

37-64 596-5 

155-5 

3419 

1*110 

1-0389 

36-22 597-2 

178 

3207 

1-094 

1-0409 

34-04 596-6 

Mean 596*8 


Summary . 

(I) Measurements have been made of the surface tension and 
density of quinone, toluquinone, succinyl chloride, the two forms 
of phthalyl chloride, benzil, and 2 ; 2' -dimethoxybenzil. 
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(2) The parachors calculated from these observations indicate 
that, except in the case of phthalyl chloride, these substances have 
the normal structure, and in the liquid state cannot contain more 
than a small amount of the isomeride in which a new ring is formed 
by tautomerio change. 

(3) The parachors of the phthalyl chlorides indicate that the 
lower-melting form has the symmetrical structure, whilst the 
higher-melting form has the unsymmetrical structure. 

One of us (S. S.) is indebted to the Research Fund Committee 
of the Chemical Society for a grant which has partly defrayed the 
cost of this investigation. 

Birkbeck College (University of London), 

Fetter Lane, E.C. 4. [ Received , October 1 5th, 1927.] 


CCCLXXXVI .—The Chemical Nature of Precipitated 
Basic Cupric Carbonate • 

By Jack Reginald Irons Hepburn. 

The author has previously studied (J., 1925, 127, 1007) the 
mechanism of the changes which occur when precipitated cupric 
carbonate is kept in contact with the resulting solution. Special 
attention has now been directed towards the initial process which 
occurs on admixture of solutions of copper sulphate and sodium 
carbonate, the concentrations of which are systematically varied, 
with the object of gaining definite information as to the chemical 
nature of precipitated cupric carbonate, the composition of which 
is well known to depend on certain arbitrary factors, such as tem¬ 
perature of precipitation, relative proportions of admixed reagents, 
and time elapsing between precipitation and analysis. Serious 
analytical discrepancies have also been found to arise through 
inefficient mixing of the reacting solutions. In order to minimise 
such variations in the composition of the precipitate, a special 
mode of procedure was adopted in the present work. 

If an excess of copper sulphate is used in the precipitation, and 
more especially if the sodium carbonate is added to the copper 
sulphate, the precipitate contains basic sulphate admixed with 
the basic carbonate. If the copper sulphate is added to excess 
of sodium carbonate, the precipitate consists of the basic carbonate, 
and the solution may contain carbonic acid, sodium hydrogen 
carbonate, or sodium carbonate, or mixtures of these compounds, 
according to the excess of sodium carbonate employed. On the 
other hand, with efficient atirring, and if the copper; sulphafei?;; 
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added to an equimolecular proportion of the sodium carbonate, 
the precipitate contains a relatively small percentage of basic 
sulphate, whilst the solution contains only carbonic acid and a 
small amount of dissolved copper. 

The possibility of decomposition of the precipitate through 
subsequent drying or other further treatment was minim ised by 
carrying out the analyses immediately after the reaction. The 
results thus obtained were reproducible, the effect of small temper¬ 
ature changes being unimportant. 

In order to render the investigation as complete as possible, 
determinations have been made of copper and carbonic acid in 
the precipitate kid in the solution after the reaction; of sodium 
carbonate remaining in solution, and adsorbed in the precipitate; 
and of adsorbed sulphate. 

Experimental. 

The solutions employed in the precipitations were all prepared 
by dilution from if-solutions. The cupric sulphate (A.R.) was 
used to standardise the sodium thiosulphate used in the subsequent 
copper estimations, and in the preparation of the if-cupric chloride 
solution. The cupric chloride employed was free from sulphate, 
but contained 22-9% of water; the solution was therefore made 
a little stronger than if, titrated against the standard thiosulphate 
solution, and diluted with the calculated amount of water. The 
if-sodium carbonate solution was standardised against the oxalic 
acid used in the carbon dioxide estimations, which had been 
previously standardised against pure sodium carbonate from 
bicarbonate. The oxalic acid was also employed in the estimations 
of sodium carbonate in solution. The potassium carbonate was 
prepared from bicarbonate and its titration against the oxalic acid 
confirmed the accuracy of the previous standardisation against 
sodium carbonate (Titration found : 27*65 c.c. Calc.: 27*67 c.c.). 
The barium hydroxide solution used in the estimations of carbon 
dioxide was preserved in an apparatus for titration in the absence 
of carbon dioxide. It was standardised against the oxalic acid. 

The more dilute solutions were prepared in every case by dilution 
with water free from carbon dioxide and air. The volumes of the 
solutions employed were adjusted to yield a convenient quantity 
of precipitate, and varied from a minimum of 50 c.c. to a ma xim um 
of 1000 c.c. Equimolecular quantities of sodium carbonate and 
copper sulphate were used. 

The experimental method adopted in the precipitations was 
similar to that described by Groger (Z. anorg. Chem. } 1900, 24, 
■127), The solution of copper sulphate was added in a fine stream 
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to that of sodium carbonate, violent mechanical stirring being 
employed throughout the addition. All the precipitations were 
carried out at room temperature (20°). The solution was filtered 
immediately after flocculation (5—10 minutes) through a Buchner 
funnel by means of the water-pump, and the precipitate was washed 
rapidly with cold water free from carbon dioxide and air. 

Analysis .—(a) Precipitate. The moist precipitate was trans¬ 
ferred to an apparatus for the estimation of carbon dioxide in 
carbonates (following the author’s modification of Van Slyke’s 
method, Analyst , 1926, 51, 622), and analysed at once, loss of 
carbon dioxide from the precipitate through exposure to the air 
being thus eliminated. Copper was determined in the hydro¬ 
chloric acid solution (remaining after the carbon dioxide estimation) 
by dilution, addition of sodium acetate in excess and of potassium 
iodide, and titration against standard sodium thiosulphate. Each 
determination was carried out in duplicate, except in Expts. 7 
and 8 (Table I), where the amount of precipitate obtained was 
insufficient. 

In the estimations of the adsorbed material in the precipitate, 
about 1 g. of the air-dried material was ignited to cupric oxide, 
extracted with boiling water, the filtrate concentrated, and titrated 
against OTA-oxalic acid for sodium carbonate (compare Applebey 
and Lane, J., 1918, 113, 611). The remaining precipitate was 
dissolved in hydrochloric acid and added to the aqueous extract; 
the sulphate in the combined solution was then estimated as barium 
sulphate. (The solution was made up to 100 c.c. and 10 c.c. were 
titrated against the standard thiosulphate to determine the copper 
present, the remaining 90 c.c. being employed in the sulphate 
estimation.) 

(b) Filtrate . A large volume of the filtrate was concentrated, 
whereby the copper was completely precipitated, with evolution 
of carbon dioxide; it was filtered off, dissolved in acetic acid, and 
titrated as usual. This filtrate was further concentrated and its 
sodium carbonate was estimated by titration in boiling solution 
against standard oxalic acid, phenolphthalein being used as indicator. 
Carbon dioxide in solution was determined by difference. 

The results of the complete series of experiments (over a con¬ 
centration range of M to 0*0062 5M) are given in Table I. The 
carbon dioxide content of the precipitate appears to vary con¬ 
tinuously with the concentration of the reagents employed in the 
precipitation. The percentage of adsorbed copper sulphate at 
concentrations varying from 0*5 M to 0*05 M is small and erratic 
in nature; its variation is parallel to that in the concentration of 
the sodium carbonate remaining in solution (see Table V). The 
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Table I. 


Composition of precipitate. 



Initial 



Value of x in 


Expt. 

cone. 



2Cu0,a;C02. 

Adsorbed 

No. 

(mols. /litre). 

C0 2 , g. 

CuO, g. 

X. 

Mean. 

CuS0 4 , %, 

1 a 

1-00 

0*1013 

0*3480 

1*0521 

1*044 


b 


0*03704 

0*1295 

1*035 / 


2 a 

0-50 

0*09204 

0*3146 

1*058\ 

1*052 

0*16 

b 


0*07145 

0*2473 

1*0451 

3 a 

0-25 

0*05790 

0*2200 

0*952\ 

0*945 

1*84 

b 


0*04290 

0*1656 

0*937 / 

4 a 

o’io 

0*0681 

0-2845 

0-9061 

0*902 

2*25 

b 


0*04508 

0*1818 

0*897 f 


5 a 

0*05 

0*02122 

0*09572 

0*8021 

0*798 

2-21 

b 


0*04296 

0*1957 

0*794/ 


6 a 

0*025 

0*03038 

0*1476 

0*7441 

0*737 


b 


0*03833 

0-1894 

0*732/ 


7 

0*0125 

0-02004 

0-1068 

0*678 

0*678 

— 

S 

. 0*00625 

0*02522 

0*1463 

0*623 

0*623 

— 


percentage of adsorbed sodium carbonate is negligible. It seems 
probable that these small quantities of adsorbed material play no 
essential part in the reaction, and they have therefore been ignored 
in the following discussion. 

The solubility of carbon dioxide in water at 20° corresponds with 
a concentration of 0*039Jf (Landolt-Bornstein, Tables, 5th Edn., 
1923, 768). The solution resulting from admixture of approxim¬ 
ately 0*25i¥-solutions of copper sulphate and sodium carbonate 
should therefore (from calculations based on the composition of 
the precipitate) be saturated with carbon dioxide; no effervescence 
occurred, however, on admixture of such solutions at 20°, whilst 
the effervescence was very slight in the case of 0*5Jf-solutions, 
and violent with if-solutions. The liquid in equilibrium with the 
precipitate from 0-5M --solutions appears, therefore, to be super¬ 
saturated with carbon dioxide, the concentration of carbon dioxide 
deduced from the composition of the precipitate being 01191f. 
It was observed that the analytical figures for the precipitates 
from 0*5if-solutions and above were more variable than those for 
precipitates from more dilute solutions. This would be in accord¬ 
ance with the essential instability of supersaturated solutions and 
their sensitiveness towards small temperature changes. It will be 
noted particularly that the carbon dioxide content of the pre¬ 
cipitates increases continuously until the concentration 0*5 M is 
reached, but oscillates when this concentration is exceeded, sug¬ 
gesting a definite connexion between the concentrations of carbon 
dioxide in the liquid and the solid phases. It has accordingly been 
assumed that the concentration 0-119if for .carbon dioxide in 
equilibrium with the precipitate was the maximum value possible. 
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All the experiments of Table I were carried out with copper 
sulphate and sodium carbonate. Precipitations with and 

0-05Jf-cupric chloride and sodium carbonate, and with 0-5M- 
and 0‘05-M-copper sulphate and potassium carbonate, were also 
carried out, in order to ascertain whether the composition of the 
precipitated basic cupric carbonate was influenced to any extent 
by the acid and basic radicals associated with the cupric and carbon¬ 
ate ions (Table II). Although the results are not identical, and 
indicate some specific action of foreign ions, the composition of 
the precipitate approximates to the same value in each case. 


Precipitants used. 
CuS0 4 , Na a CO s 
CuCl 2 , Na 2 C0 3 
CuS0 1# K 2 C0 3 * 


Table II. 

Composition of precipitate. 


Value of x in 2Cu0,ajC0 2 for 
O-SM-Sols. O-OSAf-Sols. 


1-052 0-798 

1-011 0-850 

0*999 0-833 


Discussion. 

The composition and the chemical nature of precipitated cupric 
carbonate have been investigated previously by several authors, 
and there is some divergency in the views expressed by them. 

Groger ( loc . cit.) has studied the effect upon the carbon dioxide 
content of precipitated cupric carbonate, of steadily increasing the 
molecular proportion of sodium carbonate relative to copper sulph¬ 
ate. In his experiments, all the precipitations were carried out 
with N- solutions, and the concentration was not systematically 
varied as in the author’s experiments, but the method of procedure 
was otherwise very similar. The products were air-dried before 
analysis. When the molecular ratio Na 2 C0 3 : CuS0 4 was increased 
from 1-1:1 to 2:1, the carbon dioxide content was very much 
lowered (from 2CuO,l*012CO 2 to 2CuO,0*802CO 2 ). With a mole¬ 
cular ratio of 4:1 the carbon dioxide content was reduced still 
further (2CuO,0*748CO 2 ). The composition of the precipitate from 
approximately equimolecular quantities (1-1 :1) of 0-5 ilf-solutions 
corresponds with 2CuO,l-012CO 2 , in close agreement with the 
author’s result at this concentration, 2CuO,l*052CO 2 . 

Employing sodium bicarbonate in place of the normal carbonate, 
Groger found the carbon dioxide content of the precipitate to be 
increased—with approximately equimolecular solutions, the com¬ 
position of the product corresponded with 2Cu0,l*244C0 2 . He 
apparently regards the precipitated basic cupric carbonate as the 
decomposition product of the normal carbonate, for he - stated * 



2888 


HEPBURN: THE CHEMICAL NATtTEE OE 


(toe. cit. 9 p. 134) that it is not improbable that normal cupric 
carbonate is first formed and passes into the basic carbon¬ 
ate with loss of carbon dioxide. The high results for the carbon 
dioxide content of precipitates from sodium bicarbonate are held 
to agree with this view, by increasing the available carbon dioxide 
content of the reagent used, and so diminishing the extent of the 
decomposition. On the other hand, Groger formulates the above 
product from bicarbonate as a definite compound, 8Cu0,5C0 2 ,7H 2 0. 

Pickering (J., 1909, 95, 1409) attempted to ascertain the com¬ 
position of precipitated basic cupric carbonate by adding sodium 
carbonate to a solution of copper sulphate sufficiently weak to 
ensure the retention of any carbon dioxide liberated (0-05% of 
copper). He found that alkalinity was attained when 1*61 mols. 
of sodium carbonate had been added per mol. of copper sulphate, 
and thence deduced the formula 5Cu0,2C0 2 (or 2CuO,0*80CO 2 ) 
for the precipitated substance. Pickering apparently assumes that 
the composition of the precipitate is independent of the concen¬ 
tration employed in the precipitation. This assumption has already 
been shown by the author to be untenable. Further, since the 
sodium carbonate was added to the copper sulphate, Pickering's 
compound undoubtedly contained basic sulphate. 

Dunnicliff and Lai (J., 1918, 113, 718) claimed to have prepared 
two new basic carbonates by precipitation from pupric sulphate- 
sodium carbonate mixtures of stated concentration, under standard 
conditions. Their method consisted in the addition of a cold 10% 
solution of sodium carbonate to a half-saturated solution of copper 
sxdphate. The precipitate was kept for 24 hours, washed free from 
sulphate, and dried at 96° to constant weight. The mean of a 
number of analyses led to the formula 13Cu0,5CQ 2 ,9H 2 0. The 
second compound, prepared by adding a mixture of 5% sodium 
carbonate and 5% sodium bicarbonate solutions to the copper 
sulphate solution, corresponded to the formula 7CuO,2C0 2 ,5H a O. 

The underlying idea in the experiments of Dunnicliff and Lai 
appears to be that any substance of constant composition which 
can be prepared under standard conditions is a definite compound, 
but, as judged by the author’s results, these so-called compounds 
probably form points in a continuous curve; further, they appear 
to have no well-marked individuality or characteristics which 
distinguish them from other precipitates as definite compounds. 

Mond and Heberlein (J., 1919, 115, 908) have determined the 
composition of basic cupric carbonate precipitated from approxim¬ 
ately 0*05Jf-solutions, under different conditions. The results 
indicate, contrary to those of Groger, that the composition of the 
precipitated basic cupric carbonate was constant and independent 



PRECIPITATED BASIC CUPRIC CARBONATE. 


2889 


of the molecular proportion, of cupric sulphate and sodium, carbon¬ 
ate, in mixtures containing amounts in the proportion of 1:1 and 
lower. The molecular ratio in the precipitate was CuO: C0 2 — 
2-26 :1 (or 2CuO,0*885CO 2 ). The amount of adsorbed material 
was relatively large, as is to be expected in the absence of an efficient 
stirrer. They concluded that no well-defined compound of copper 
is obtained by precipitation, the composition altering according to 
the conditions. 

From theoretical considerations, there are a number of possi¬ 
bilities as to the chemical nature of the precipitated basic cupric 
carbonate. The simplest (Pickering; Dunnicliff and Lai) is to 
assume that a definite compound, or series of compounds, is formed. 
This view appears to be untenable in the light of the present experi¬ 
ments. A second view (Groger) regards the substances as a mixture 
of the normal carbonate and the hydrated oxide. The various 
products are then regarded as due to the partial decomposition of 
the normal carbonate, and the variations of composition observed 
are attributed to greater or less decomposition, under given experi¬ 
mental conditions. It follows from this view, by the application 
of the mass-action equation [Cu0][C0 2 ]/[CuC0 3 ] = K , that the 
concentration of the carbon dioxide in solution (or of carbonic 
acid), after precipitation, should possess a constant value, inde¬ 
pendent of the concentrations of the initial solutions employed in 
the precipitations; for, since both the normal cupric carbonate 
and the hydrated oxide may be regarded as very sparingly soluble 
in water, their active masses in solution would be constant. 

It follows further, from this argument, that the amount of carbon 
dioxide retained in the precipitate at any particular initial con¬ 
centration will diminish as the concentration of the precipitating 
solution is diminished, in order that this limiting concentration of 
carbon dioxide may be attained, after which no further loss of 
carbon dioxide from the precipitate should take place. Further, 
it appears that at a certain limiting value, i.e, f an initial con¬ 
centration which will yield a concentration of carbon dioxide in 
the mother-liquor just equal to the equilibrium value, the pre¬ 
cipitate should consist of the hydrated oxide only, and be free 
from carbon dioxide. 

The experimental results for the concentration of carbon dioxide 
in the mother-liquor indicate, however, that this concentration 
diminishes steadily with the initial concentration of the reagents 
employed; the experimental result is therefore directly opposed 
to that derived from a consideration of the theoretical basis of 
Groger’s idea. A similar result follows if the basic cupric carbonate 
is regarded as the product of hydrolysis of the normal carbonate. ' ' - 



2890 


HEPBURN! THE CHEMICAL STATURE OF 


Free (J. Amer , Ghem. Soc ., 1908, 30, 1366) has suggested that 
the precipitated basic cupric carbonates might be regarded as 
solid solutions of carbonic acid with hydrated cupric oxide. This 
view does not appear to be very probable. 

Certain basic salts produced by precipitation have been subjected 
to phase-rule studies (compare Britton, J., 1925, 127, 2796), and 
the results have been held to be comparable with those obtained in 
initial precipitation processes. It appears to be a condition of such 
studies—more particularly those employing Schreinemakers 5 s method 
of residues—that the liquid phase should be in equilibrium with a 
definite solid phase (or phases), i.e., a well-characterised (probably 
crystalline) substance. In cases where a definite product is not 
obtained (e.g., a colloidal substance, as obtained by Carter and 
Hartshorne, J., 1923, 123, 2223, in their study of the system ferric 
oxide-phosphoric acid) the phase-rule method yields no definite 
result. Further, sufficient time must be allowed in phase-rule 
studies to enable a definite equilibrium to be reached. When such 
a state has been attained, the solid phase in equilibrium with the 
liquid is generally found to be crystalline (compare Carter and 
Hartshorne, loc. cit.). 

It appears, therefore, that the initial product in a precipitation 
change must be distinguished from that obtained in a phase-rule 
study, or, in the particular case under investigation, that the initial 
precipitate is entirely different in nature from the stable basic 
carbonate, malachite, which is obtained under special conditions 
(compare J., 1925, 127, 1007). 

For the particular conditions maintained in the author’s experi¬ 
ments, the final products of the precipitation at each concentration 
(neglecting small amounts of fortuitous impurities) consisted of a 
solid phase containing cupric oxide and a liquid phase containing 
carbon dioxide together with sodium sulphate. When the concen¬ 
tration of carbon dioxide in solution is plotted against the carbon 
dioxide content of the precipitate, Curve I (Fig. 1), is obtained. 
The carbon dioxide content, a, of the solid phase is evidently a 
continuous function of that in the liquid phase, c ; further there is 
an exponential relation between these two magnitudes. When 
the logarithms of the two quantities are plotted, the points obtained 
lie, within the limits of experimental error, along a straight line 
(Curve II; Fig. 1). These results, therefore, are in accordance 
with the criteria usually applied to adsorption effects. 

According to Freundlich ( <c Colloid and Capillary Chemistry,” 
1926, p. 172), the general form of the adsorption isotherm is repre¬ 
sented by the equation 

a =oz(c) Vn .. 


( 1 ) 
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where \jn has a value between 0*1 and 0*5, whilst the constant oc 
may vary within wide limits. [The concentration c is given in 
mols. per litre, whilst the quantity a is calculated in millimols. 
per g. of adsorbent (anhydrous cupric oxide).] The value of l/n 
was calculated to be 0T30 from the co-ordinates of the points 
A and B, both of which fell on the logarithmic line. From this 
value and the observed values of a and c, oc was found to be 8-75, 
by substitution in (1). Hence 

a = 8*75c°’ 130 .(2) 

By use of this equation, the theoretical values for a have been 
calculated at the concentrations actually employed, and compared 

Fig. 1. 
log c. 



C0 2 in solution [mols. /£.), c. 

For Curve J, use ordinary co-ordinates. 
For Curve II , use logarithmic co-ordinates. 


with the experimental figures (Table III, columns 2 and 3). The 
agreement appears to be satisfactory. 


Table III. 


Equil. cone, of 

CO 2 in precipitate 

Equil. cone, of 

CO 2 in precipitate 

CO 2 in soltn. 

(millimols. per g.). 

C0 2 in soltn. 

(millimols. per g.). 

(mols./I.). 

Found. 

Calc. 

(mols./l.). 

Found. 

Calc, 

0*119 

6*61 

(6*63) 

0*00789 

4*63 

4*66 

0*0068 

5*94 

6*15 

0*00319 

4*26 

4*15 

0*0275 

5*67 

5*48 

0*00215 

3*92 

(3*94) 

0*0150 

5*01 

5*07 





There is a marked parallelism between these results and those 
of Biltz (Ber., 1904, 37, 3138) for the adsorption of arsenious oxide 
by hydrated ferric oxide. Biltz’s figures have been recalculated 
according to the adsorption equation 

a = 6-02c 0 ' 200 . . . . V (3) 

and the values obtained are in Table IV. 
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Table IV. 


Equil. cone, of 
As 2 0 3 in soltn. 

As 2 O s in preeipitat 
(miUimols. per g.). 

(mols./l.). 

Found. 

Calc. 

0*0979 

3*77 

(3*77) 

0*0603 

3*40 

3*43 

0*0479 

3*26 

3*28 

0*0422 

3*10 

3*19 

0*0330 

2*99 

3*04 

0*0240 

2*82 

2*85 

0*0178 

2*76 

2*69 


Equil. oonc. of As 2 0 3 in precipitate 


As 2 O s in soltn. 

(miUimois. per g.), 

(mols./l.). 

Found. 

Calc. 

0*0125 

2*51 

2*51 

0*00699 

2*32 

2*23 

0*00427 

2*21 

2*02 

0*00270 

1*90 

1*85 

0*00114 

1*59 

1*55 

0*00025 

1*15 

(M5) 


Table V. 


Cone, of 
original 

Equil. cone. 

Cone, of Cu 

% Cu 

Cone, of 
Na 2 C0 3 in 

% Na a CO : 

solution 

of C0 2 

in solution 

not 

solution 

not 

(mols./litre). 

(mols./litre). 

(mols./litre). 

pptd. 

(mols./litre). 

pptd. 

1*00 

— 

0*0047 

0*94 

0*0030 

0*60 

0*50 

0*119 

0*0f49 

1*98 

0*0007 

0*28 

0*25 

0*0668 

0*0036 

2*9 

0*0014 

M 

0*10 

0*0275 

0*0018 

3*6 

0*0009 

1*8 

0*050 

0*0150 

0*0011 

4*4 

0*00034 

1*4 

0*025 

0*0079 

0*00071 

5*6 

0*00031 

2*5 

0*0125 

■ 0*0032 

0*00050 

8*0 

Trace 

— 

0*00625 

0*0022 

0*00026 

8*6 

99 

— 


Further, the values for 1 jn are within the limits laid down by 
Freundlich for typical adsorptions, but somewhat lower than the 
average (0*3—0*5), whilst the constant cc is in both cases well within 
the range of values usual for such phenomena. A further parallel¬ 
ism appears in the nature of the adsorbed substance. The cases 
of adsorption from aqueous solution which have been investigated 
most thoroughly are those of the weak organic acids by charcoal, 
and in the present case the adsorbed substance is apparently 
carbonic acid, a weak acid the strength of which is of the same 
order of magnitude as those of the organic acids. 

The precipitated cupric oxide appears to be present, when initially 
precipitated, in a very finely divided condition, as is indicated by 
the abnormally large solubility in the carbon dioxide in solution. 
Such a large effective surface would facilitate large and rapid 
adsorption. 

The author therefore puts forward the view that the formation 
of precipitated cupric carbonate is due, not to dissociation of the 
normal carbonate, but to adsorption of un-ionised carbonic acid by 
hydrated cupric oxide in a very active state. 

The fact that the composition of the basic cupric carbonate 
precipitated from 0-5M -solutions approximates to the formula 
2 Cu 0,C0 2 , independently of the particular salt of copper employed 
suggests that a definite compound is produced at this concentration. 
Further, this composition represents the maximum value for the 
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carbon dioxide content when the precipitations are carried out with 
sodium carbonate and copper sulphate. According to the views 
put forward by the author, however, the agreement of the analytical 
figures at this concentration with the formula for malachite is only 
a coincidence. The carbon dioxide content of the precipitate is 
conditioned by its concentration in the liquid phase, and the maxi¬ 
mum value of this concentration is further limited by the solubility 
of carbon dioxide in water, which may, however, be affected by the 
formation of supersaturated solutions. If the solubility of carbon 
dioxide in water could be made to exceed this value, the carbon 
dioxide content of the precipitate would be expected to be higher. 
This prediction finds support in Groger’s results for precipitations 
with bicarbonate: in the presence of sodium bicarbonate the 
solubility of carbon dioxide is increased, and the concentration of 
un-ionised carbonic acid is further increased by the excess of bi¬ 
carbonate ions, according to the relation [H*][HC0 3 ']/[H 2 C0 3 ] — K v 
Actually, under these conditions the carbon dioxide content of the 
precipitate was increased. 

The author has carried out a number of experiments with the 
object of approaching the equilibrium from the other side, viz., 
from hydrated cupric oxide and aqueous solutions of carbon dioxide, 
but certain difficulties rendered it impossible to obtain definite 
results. Primarily, it was not found possible to prepare hydrated 
cupric oxide free from notable amounts of cupric sulphate, without 
the occurrence of blackening, due to traces of alkali. It is thought 
that more definite results might be obtained by the use of a more 
stable hydrogel, e.g., hydrated ferric oxide. 

The idea that certain basic salts might be adsorption compounds 
has recently been tentatively put forward by Britton (J., 1926, 
125) to explain the fact that the thorium hydroxide precipitated 
from thorium nitrate by addition of potassium chromate contained 
large amounts of chromic anhydride, the presence of which was 
attributed to “ a process akin to adsorption, in which the chemical 
tendencies of the weak acid and the weak base played an important 
part.” Although no further experimental verification of this state¬ 
ment was adduced, the idea is analogous to that now suggested 
by the author. 

The Copper in Solution. 

At every concentration at which the precipitation was carried 
out, it was found that a definite concentration of copper in solution 
was attained, after precipitation, dependent upon the concentration 
of carbon dioxide in the final solution. The relation between these 
two concentrations is represented by a smooth curve, shown in 
Big. 2. The regularity of the results is striking, in view of the fact 
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that the carbon dioxide contents of the precipitates obtained at 
each concentration were widely divergent, the value of x in the 
formula 2Cu0,a:C02 varying from 1*052 to 0*623; in spite of this, 
these precipitates behave in the same way as regards their solubility 
in aqueous solutions of carbon dioxide, which suggests that they 
are of very similar chemical nature. Such would be the case if 
each precipitate consisted of hydrated cupric oxide with variable 
quantities of adsorbed carbon dioxide. 

Mond and Heberlein (loc. cit.) have determined the concentration 
of copper in the solution remaining after a precipitation from 


Fig. 2. 



0 Author {see Table F). Free , 

O-OSJf-solutions of cupric sulphate and sodium carbonate. They 
found this concentration to be 0*0032iJf (representing 8*0% of the 
total copper originally in solution), whereas the author’s experiments 
at 0*0gave 0*0011 if (representing 4*42% of the original copper). 
Their corresponding concentrations of sodium carbonate remaining 
in the mother-liquor were also much higher than those found by 
the author. It is suggested that these high results are to be 
attributed to incomplete mixing owing to the lack of an efficient 
stirrer. 

According to Mond and Heberlein, the dissolved copper is present 
in colloidal solution as the basic sulphate, and the sodium sulphate 
present in the solution may be removed by dialysis; they also 
state that the basic carbonate itself is not appreciably soluble in 
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water in the presence of carbon dioxide. In the author’s opinion, 
these views are based upon insufficient experimental evidence, for 
the statement that the substance in solution is the basic sulphate 
appears to be founded upon one analysis of the precipitate formed 
after expelling carbon dioxide from the solution by boiling, whereby 
any carbon dioxide in the precipitate would also be removed. The 
black precipitate so produced contained S0 3 : CuO = 1:4. 

The copper in solution is completely precipitated by boiling 
and expelling the carbon dioxide, the solution is colourless and not 
opalescent, and on exposure to air in an open vessel it loses carbon 
dioxide rapidly, with film formation of the basic carbonate on the 
surface. Under such conditions, it is difficult to understand how 
Mond and Heberlein were able to dialyse such a solution without 
decomposition and precipitation through loss of carbon dioxide. 

Previous determinations of the solubility of basic cupric carbonate 
in aqueous solutions of carbon dioxide have been carried out by 
Free ( loc . cit.). Precipitated basic cupric carbonate was agitated 
with a solution of carbon dioxide of known concentration, and the 
concentration of copper in solution was estimated after equilibrium 
had been attained. It was found that freshly precipitated basic 
cupric carbonate was more soluble in aqueous carbon dioxide solu¬ 
tions than the stable crystalline basic salt (malachite), and that 
the solubility of the freshly precipitated substance steadily decreased 
with time, finally reaching constancy at the value representing the 
solubility of malachite in the particular concentration of carbon 
dioxide. At the same time it was observed that the substance had 
been transformed into malachite. 

The maximum value obtained by Free in any experiment was 
107 parts of copper per million parts (or 0*00167 g.-atom per litre), 
in a solution of carbon dioxide containing 1200 parts per million. 
The author’s result at this carbon dioxide concentration corresponds 
with 0*0018 g.-atom per litre. The agreement for freshly precipit¬ 
ated basic cupric carbonate is therefore satisfactory. 

The author’s results for the concentration of copper in solution 
are approximately three times as high as those obtained by Free 
for malachite (e.^., for a solution containing 0*0275 mol. of C0 2 
per litre, the concentration of Cu in solution was 0*0018 g.-atom 
per litre, whereas Free’s result for a solution containing 0*0278 
mol. of C0 2 per litre was 0*00054 g.-atom of Cu per litre). It is 
probable, therefore, that the freshly precipitated basic cupric 
carbonate is in a very finely divided condition, since below a certain 
limit of particle size the solubility of such precipitates is known. 
to increase with the degree of dispersity. It may be observed, in 
this connexion, that Seyler ( Analyst , 1908, 33, 454) has attributed 
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the regularities found in Free’s results to the formation of cupric 
bicarbonate in solution, and has attempted to show, by the applic¬ 
ation of ionic principles, that the solubility relationships are in 
accordance with this assumption. 

Summary . 

The effect of systematic variation in the concentration of the 
precipitants (copper sulphate and sodium carbonate) on the carbon 
dioxide content of precipitated basic cupric carbonate has been 
studied. The solutions employed were equimolecular, and the 
concentration ranged from M to 000625ilf. The results obtained 
indicate that the carbon dioxide content of the precipitate is a 
continuous function of the concentration of carbon dioxide in 
solution, and that these two magnitudes are capable of representation 
by a Freundlich adsorption equation. The view is therefore 
advanced that the formation of basic cupric carbonate is due to an 
adsorption process, the absorbent consisting of hydrated cupric 
oxide in a very active state, and the adsorbed material being 
un-ionised carbonic acid. 

The author wishes to thank Dr. T. J. Drakeley for facilities 
provided during the course of this work. 

Nobthern Polytechnic, [Received, October 3rd, 1927.] 

London, 3ST. 7. 
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A Simple Form of Automatic Syphon . By Douglas Ceeese 

Habbison. 

The syphon is made of glass tubing of diameter not greater than 
5 mm. About eight capillaries of diameters varying between about 
| mm. and 1 mm. and about 20 cm. long are drawn 
from the same tubing and placed inside the glass 
tube near one end. The tube is then heated not 
too strongly and bent to form the syphon, with the 
capillaries inside the bend and projecting about 
7 cm. into the shorter limb of the syphon. The 
longer limb (which should extend well below the 
ends of the capillaries) is warmed and molten 
paraffin wax is drawn into it to within about 
4 cm. of the ends of the capillaries. The wax 
is allowed to run down and the excess shaken 
put, so that, when cool, a thin, even layer remains on the inside of 
the tube. The wax serves to retain the drops of liquid drawn 


Fig. 1. 
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through the capillaries by surface tension, until, within a few 
seconds, they have accumulated to form a column of liquid heavy 
enough to draw liquid over the bend of the large tube. The height 
to which the liquid can be raised in starting the syphon will depend, 
of course, on the surface tension of the liquid and the cross-section 
of the capillaries. It is advantageous to use a number of capillaries 
of various diameters, since the liquid will rise more rapidly and to a 
greater height in the smaller capillaries and, as the liquid begins to 
accumulate in the longer tube, the pull exerted by gravity will 
assist the syphoning of the liquid in the larger capillaries. In this 
way the flow will become faster and faster until the liquid is drawn 
over the bend and syphons in the large tube. The capillaries 
occupy only a small part of the tube and so allow a rapid flow of 
liquid through the syphon.— Sheffield University. [Received, 
August 18 th } 1927.] 


The Preparation of Triacetonamim Hydrate. By Francis Francis. 

The following method was devised some years ago, but was not 
described at the time, since it was desired to investigate the other 
products of the reaction and to increase materially the yield of the 
base. 

Into a mixture of 2\ kg. of acetone and 800 g. of fused calcium 
chloride in a large round-bottom flask provided with an efficient 
condenser, ammonia is passed at intervals until the whole of the 
chloride has been converted into a liquid complex. After 3 days 
the product is gently boiled on a water-bath until the liquid calcium 
chloride-ammonia compound has decomposed and resolidified, 
ammonia being evolved. The dark, strongly smelling liquid is 
then decanted from the solid or pasty chloride, and distilled until a 
thermometer in the vapour registers 75°; the distillate consists 
chiefly of acetone. The residue is placed in a freezing mixture of 
ice and hydrochloric acid, and when the temperature has fallen to 
1-—2° an amount of water is added, with vigorous stirring, corre¬ 
sponding to a yield of 28% of triacetonamine calculated on the 
acetone used, i.e., the amount taken less that distilled off. Tri¬ 
acetonamine hydrate separates in a crystalline condition as the 
temperature falls; after being pressed between filter-paper and 
recrystallised several times from undried ether, it is obtained in 
large, well-formed, slightly yellow crystals (yield, 20—26%,' cal- ; 
culated on the acetone used). 

The conversion of the hydrate into nitrosotriacetonamine is carried ■ 
out in the usual manner and the yield is quantitative 
extreme ease with which this nitrosoamine is decomposed catalytic- , 
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ally by alkalis, giving a nearly quantitative yield of phorone, renders 
this an elegant method for the preparation of this unsaturated 
ketone (J., 1912,101,2358).— The University, Bristol. [Received, 
September 1 5th, 1927.] 


1-Hydroxy-B-phenylcoumarin. By Wilson Baker. 

An attempt was made to synthesise 3-phenylehromones (isoflavones; 
Baker and Robinson, J., 1925,127, 1981; 1926,2713) by condensing 
ethyl a-formylphenylacetate with resorcinol or phloroglucinol in 
presence of phosphoric anhydride. By analogy with ethyl aceto- 
acetate and its derivatives, chromones should be produced (see 
papers by Simonis and collaborators, JBer., 1913, 46, 2015; 1914, 
47, 692, 2229, etc.), but the first condensation gave only 7-hydroxy- 
3-phenylcoumarin, which has also been prepared (Dey and Row, J. 
Indian Chem. Soc., 1924,1, 121; Bargellini, Gazzetta , 1927, 57, 459) 
from resorcylaldehyde, sodium phenylacetate, and acetic anhydride. 

Jacobson and Ghosh (J., 1915, 107, 1057) and Ghosh (J., 1916, 
109, 114) describe the reactions between ethyl a-formylphenyl¬ 
acetate and resorcinol, in presence of acetic acid and zinc chloride, 
and between formylphenylacetonitrile and resorcinol in presence of 
phosphoryl chloride, and the isolation in both cases of a substance, 
m. p. 131°, described by them as 7-hydroxy-3-phenylchromone. 
Since such condensations are now known to give coumarins (Baker 
and Robinson, J., 1925,127,1981; Baker, ibid., p. 2349; Bargellini, 
Gazzetta , 1925, 55, 945), and the substance, m. p. 131°, could not be 
identical with 7-hydroxy-3-phenylcoumarin, which melts at 207— 
208°, the experiments were repeated, with the result that both gave 
the same product, m. p. 207—208°, identical in all respects with 
7-hydroxy-3-phenylcoumarin. The product, m. p. 131°, is, there¬ 
fore, not the product of these condensations, and its description is 
doubtless due to confusion of specimens in the laboratory. 

7-Hydroxy-Z-phenylcoumarin. —Ethyl a-formylphenylacetate (15 
g.}, xylene (75 e.c.), and resorcinol (50 g.) were heated at 160° for 
2 hours, phosphoric anhydride (50 g.) being gradually added. The 
product, boiled with water to expel the xylene, was converted into 
the acetyl derivative, which, after twice recrystallising from acetic 
acid (charcoal), separated in colourless, flat prisms, m. p. 184—185°. 
No trace of an isoflavone could be detected in the mother-liquors. 
Hydrolysis produced 7-hydroxy-3-phenylcoumarin, which separated 
from alcohol in prisms, in, p. 207—208°, containing alcohol of 
crystallisation. The methyl ether, prepared by the action of 
methyl sulphate, crystallised from alcohol in colourless, nacreous 

loc . tit., gives m. p. 118—120°) (Found: 
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C, 76*0; H, 4*6. Calc.: C, 76*2; H, 4*8%). These compounds 
give yellow solutions in concentrated sulphuric acid, which exhibit 
an intense bluish-green fluorescence. 

Condensation of Ethyl a -Formylphenylacetate ivith PhloroglucinoL — 
The two substances (15 g. of each), treated as previously described, 
gave an acetyl derivative (0*6 g.) which crystallised from acetic acid 
in hair-like,> colourless needles, m. p. 255—256° (Found : C, 73*7, 
73*6, 73*7; H, 4*2, 3*8, 4*6%; M, by Bast’s method, 434, 416). 
Hydrolysis with potassium carbonate in 50% alcohol gave a phenolic 
substance which crystallised from alcohol in pale yellow prisms, 
m. p. 308—310° (decomp.) (Found: C, 72*2; H, 4*5%). This 
compound of high molecular weight is not identical with the 5 : 7-di- 
hydroxy-3-phenylcoumarin prepared by Bargellini (loc. cit.). A 
number of empirical formulae agree with the analyses, but without 
further experiments the selection of a definite formula is not 
possible. The phenolic compound gave with ferric chloride in 
alcoholic solution a yellow colour, and, like its acetyl derivative, 
dissolved in concentrated sulphuric acid to a bright yellow solution 
devoid of fluorescence. —The University, Manchester. [Received, 
September 13 th 9 1927.] 


A Double Compound of Chromic and Hydrogen Chlorides . 

By James Riddick Partington and Sidney Keenlyside 

Tweedy. 

* 

Ie a concentrated solution of dark green chromic chloride is mixed 
with an equal volume of ether and slowly saturated with hydrogen 
chloride at 0°, the dark green chloride is precipitated. If the 
saturation is rapid, however, and the cooling bath is dispensed with, 
the solution becomes warm and besides dark green chromic chloride 
a heliotrope substance is precipitated. If the mixture is filtered 
with the aid of a pump, the green chloride often forms a layer of 
remarkably fine crystals on top of the heliotrope substance. The 
latter compound may be obtained in a fairly pure state if the stream 
of gas is stopped when the liquid is homogeneous and brownish- 
green, and after a while collects at the bottom of the vessel. The 
mother-liquor is decanted, the residue mixed with a large excess of 
ether, and after filtration the substance is air-dried. A further crop 
may be obtained by passing more hydrogen chloride into the mother- 
liquor, but after three such precipitations the product becomes 
largely contaminated with dark green chromic chloride. The 
substance may conveniently be washed with dry ether in a Soxhlet 
extractor (Found: Cr, 17*8,17*3; Cl, 44*7,44*9%. Constant values 
could not be obtained, showing that the product was never pure),: 
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When freshly precipitated violet chromic chloride is washed with 
acetone in a Soxhlet extractor, if the acetone is warm when it falls 
upon the salt the surface of the latter becomes covered with a layer 
of the heliotrope substance, which in turn becomes covered with a 
layer of dark green chromic chloride. It would appear, then, that 
the heliotrope compound is also formed by the action of hydrogen 
chloride on the violet chloride when warm, since this acid is present 
in the freshly precipitated chloride. 

The analyses agree roughly with the formula (>C1 3 ,HC1,6H 2 0, 
which requires Cr, 17*2; 01, 46-9%. Contamination with green or 
violet chromic chloride would cause the chromium content to 
increase and the chlorine content to decrease. No salts of this 
general formula have been described, but Larsson (Z. anorg. Chem 
1920, 110, 153) prepared two salts of composition CrCl 3 ,MCl,5H 2 0, 
where M = Cs and Rb. A compound of this formula with M = H 
would require Cr, 18*2; Cl, 49*8%. The analyses will not fit in with 
any other type of double chloride formed by chromic chloride. Until 
the heliotrope substance can be prepared in a pure state, it can only 
be said that it is probably a double compound of the formula 
CrCl 3 ,HCl,3H 2 0, where x ~ 5 or 6. The analyses and the method 
of preparation support the value x = 6. 

Recoura ( Comjpt . rend., 1886,102, 922; Ann. Chim. Phys ., 1887, 
10, 49) records that when hydrogen chloride is passed into a chromic 
chloride solution for some days the latter turns brown and then red, 
and a soluble compound CrCl 3 ,a;HCl is formed, where x is greater than 
unity. On addition of ether, however, it is precipitated in unstable, 
green needles. 

The heliotrope substance is insoluble in methyl and ethyl alcohols 
and dissolves in water to give a pink solution which immediately 
turns green, although of a different shade from that given by solutions 
of dark green chromic chloride. If a fragment of the substance is 
treated with a drop of water and observed under the microscope, 
it is seen that the process of solution is accompanied by very 
vigorous turbulence and agitation. It is not proposed at present to 
investigate the compound any further.— East London College, 
London, E. 1 . [Received, October 6th, 1927.] 


The Viscosities of Chromic Anhydride Solutions. By James Riddick 
Partington and Sidney Keenlyside Tweedy. 

Chromic anhydride prepared and purified by the authors 9 methc 1 
(J,, 1926, 1142) had m. p. 193°. Melting points between 170° and 
196° have been recorded in the literature. Both capillary-tube and 
test-tube methods were employed and the thermometer was com*- 
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pared with a standard instrument before use. Groschuff states 
(Z. anorg. Client., 1908,58,108) that chromic anhydride supercools to 
the extent of 26°; our specimens, however, all solidified sharply 
within a degree or so of the m. p. 

The viscosities of solutions of the anhydride were determined with 
an Ostwald viscometer as modified by Martin (Bull. Soc . chim. Belg 
1925, 34, 81). The instrument was standardised with con¬ 
ductivity water, and similar water, which had been stored in a 
Pyrex flask, was used for preparing the solutions. These were 
obtained by successive dilution, iv the weight of anhydride in 
100 g. of water, 77 is the viscosity of the solution, and 7? Ba0 that of 
water (in dyne/cm. 2 ). 


w. 

vhutO- 

1* 

w. 

Vlln o. 

1- 


Temp. 0°. 



Temp. 25°. 


111*4 

1*482 

— 

147*4 

2*3360 

0-02130 

72*86 

1*195 

— 

89*40 

1*4880 

0-01357 

51*38 

1*110 

— 

62*60 

1*2480 

0-01138 

29*59 

1*057 

— 

46*60 

1*1600* 

0-01058 




42*68 

1*1360* 

0-01036 


Temp. 18°. 


31*67 

1*0880 

0-009923 

98*98 

1*5116 

0*01616 

24*36 

1*0560 

0-009631 

71*01 

1*2849 

0*01373 

12*05 

1*024 

0-009339 

67*22 

1*2674 

0*01355 




49*59 

1*1628 

0*01243 


Temp. 40°. 


35*92 

1*1017 

0*01178 

111*4 

1*328 

0-008980 

25*63 

1*0581 

0*01131 

72*86 

1*164 

0-007871 

16*71 

1*0349 

0*01106 

51*38 

1*1055 

0-007475 




29*59 

1*053 

0-007120 




21*60 

1*041 

0-007039 




16*55 

1*027 

0-006945 


The readings marked with asterisks appear to be 1—2% too high; 
they do not lie on the smooth curve passing through the other 
points. The figures for 40° are probably less trustworthy than those 
at the lower temperatures, as the thermostat was not automatically 
controlled at this temperature. 

The absolute viscosities, rj, were calculated with the aid of 
Leroux’s values for the viscosity of water (Ann. Physique , 1925, 4, 
163). If these values are plotted on a very large scale, it is seen that 
Leroux’s results for 2-5° (0*01648) and 7-5° (0-01419 dyne/cm. 2 ) are 
probably too high by about 0-00015 and 0-0002 dyne/cm. 2 , respec¬ 
tively. The following equation, which is of the type proposed by 
Slotte (Ann. Physik, 1888, 34, 28), represents the curve with fair 
accuracy between 10-9° and 30° : 

Vtj.o (dyne/cm. 2 ) = - 0-00207155 

where T = t + 273, t being in degrees Centigrade. The closeness 
of the observed and calculated values is of the order accepted by 
Thorpe and Rodger (Phil. Trans., 1894, J., 185, 397): 

5f 



2902 


NOTES. 


t. 

Ve*o (obs.). 

(calc.). 

t. 

^H 20 (obs.). 

(calc.). 

10*9° 

0*01276 

0*01279 

20° 

0*01018 

0*010177 

14 

0*01175 

0*01178 

23*2 

0*00949 

0*00946 

16 

0*01121 

0*01120 

26*4 

0*00883 

0*008828 

18 

0*01069 

0-01067 

30 

0*008198 

0*008192 


—East London College, London, E. 1. [Received, October 6 th 9 
1927.] _ 

Equilibrium in the System CuS0 4 -Na 2 S0 4 -H 2 0 at 0°, 25°, and 37-5°. 
A Correction. By Robert Martin Caven and William 
Johnston. * 

An error appears in the figures relating to mols. of Na 2 S0 4 per 1000 g. 
of H 2 0 (this vol., p. 2363), owing to the use of a wrong value for the 



_ Massing8 results at 20° are indicated thus X, and the isotherm by a broken 
line. 

0A is the line of equimolecular proportions to show solubility of double salt. 

molecular weight of sodium sulphate. The correct figures are 
obtained by multiplying those given by the factor 0*838. 

Fig. 4 on the same page needs a corresponding adjustment, and the 
correct figure is shown above. 

The error now corrected does not invalidate the conclusions 
drawn in the paper.— Royal Technical College, Glasgow. 
[Received, October 1 5th, 1927.] 


Change of Properties of Substances on Drying . By Herbert 
Brereton Baker. 

My attention has been directed to a paper by D. Balarew (J. pr. 
Chem.i 1927, 116, 57). The author sealed up various liquids in 
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U-tubes, a liquid in one limb and sublimed phosphorus pentoxide 
in the other, and kept them for 3| years. He states that sub¬ 
sequent examination of all the liquids, which included hexane and 
benzene, showed the presence of phosphoric acid, and he suggests 
that the rise in boiling point which I have found may be due to the 
presence of this substance or its esters. Apart from the fact that 
the rise in boiling point which I mentioned (26° in the case of 
benzene, lately increased to 38°) could not be accounted for by the 
presence of such an impurity, it was distinctly stated in my paper 
(J., 1922,121, 572) that “ In every case the liquid distilled from the 
dried apparatus was tested for the presence of phosphoric acid, and 
no trace could be detected.” If Balarew’s phosphorus pentoxide 
were not free from the volatile trioxide, his results could be under¬ 
stood.— Imperial College, London, S.W. 7. [Received, November 
3 rd, 1927.] _ 

The Dimorphism of 2-Chloroaceto-ip-tolmdide. By Maurice 
Schofield. 

2-Chloro-p-nitrotoltjene (80 g.), m. p. 62*5°, obtained by 
chlorinating p-nitrotoluene (100 g.) at 57—59° in presence of 
anhydrous ferric chloride (4 g.) and in absence of sunlight and 
moisture, isolated by pouring the product into water, and crystallised 
from methylated spirit, was reduced at 60—70° with water (350 c.c.), 
iron powder (in slight excess; added during 2| hours), and a little 
hydrochloric acid. The 2-ehloro-p-toluidine thus obtained, b. p. 
238—240°, m. p. 18°, was acetylated with acetic anhydride and acetic 
acid. The2-chloroaceto-p-toluidide obtained (Found: C, 58*8; H, 5*5; 
N, 7*5, Calc, for C 9 H 10 ONC1: C, 58*8; H, 5*6; N, 7*6%) crystallised 
from benzene, alcohol, carbon disulphide, ether, and toluene inneedles, 
m. p. 83°. This form, however, crystallised from light petroleum 
(b. p. 60—80°), in which it was sparingly soluble, in plates, m. p. 
104°, and even when it was refluxed with a small quantity of this 
solvent a bulky, feathery mass, m. p. 104°, was obtained (Found : 
C, 58*7; H, 5*6; N, 7*7%). The reverse change was effected by 
crystallising the 104° form from benzene. After the molten 83° 
form had been kept at 120° for several minutes, solidification 
occurred at 93° after super-cooling to 89°. No crystallisation took 
place above 93° if the melt had been kept at 120° for longer periods. 
Freezing points up to 101° were given by a melt kept under similar 
conditions and seeded with the 104° form. 

Kunckell and Lillig (J . pr. Chem. 9 1912,86, 517) describe 2-chloro- 
aceto-j?-toluidide as crystallising from benzene in needles, m. p> 104*. 
—Wolverhampton and Staffordshire Technical College, 
Wolverhampton. [Received, October 8th> 1927.] , 
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CCCLXXXVII .—The Complex Salts of Nickel with 
Various Aliphatic Diamines. 

By Frederick George Mann. 

Werner first suggested ( Z . anorg. Client ., 1893, 3, 298) that when 
a metal shows a co-ordination number of 6, as in hexamminocobaltie 
chloride, [Co(NH 3 ) 6 ]Cl 3 , the co-ordinated groups lie at the apices 
of a regular octahedron described around the metallic atom. The 
resolution into optically active forms of various complex salts of 
eight different metals (Co, Cr, Rh, Fe, Pt, Ir, Ru, and A1: also As), 
all having a co-ordination number of 6, leaves little doubt of the 
correctness of Werner’s views. 

Very great uncertainty still exists, however, with regard to the 
configuration of the complex salts of metals having a co-ordination 
number of 4, e.g ., tetramminonickelous chloride, [Ni(NH 3 ) 4 ]CL>. 
Biltz and Fetkenlieuer (Z. anorg. Chem ., 1914, 89, 121) claim to 
have prepared two distinct forms of the neutral non-ionic dichloro- 
diamminocobalt, [Cl 2 Co(NH 3 ) 2 ], and of the corresponding dibromo- 
and di-iodo-compounds, a result which would indicate that the four 
co-ordinated groups lie at the corners of a square with the metallic 
atom at the centre. This configuration would also explain the 
existence of two distinct forms of nickel iodate dihydrate, 
[(H 2 0) 2 M(I0 3 ) 2 ] (Meusser, Ber. f 1901, 34, 2438). Tschugaev (Ber.y 
1906, 39, 3192), however, failed to detect any similar cis-irans- 
isomerism in a series of salts such as bissuccinimidobismethylamine- 
niekel, [(C 4 H 4 0 2 N) 2 Ni(CH 3 *NH 2 ) 2 ]. Moreover, the existence of 
the stable salts, p£'p''-triaminotriethylaminenickel thiocyanate, 
[NiN(C 2 H 4 *NH 2 ) 3 ](SCN) 25 and yy , y ,, -triaminotripropylaminenickel 
thiocyanate (Mann and Pope, J., 1926, 482, 489) is more easily 
explained by assuming that the four co-ordination valencies of the 
nickel atom are directed to the apices of a regular tetrahedron. 
Schlesinger (Ber., 1925, 58,1877) found that copper, of co-ordination 
number 4, combines with certain bisimino-carboxylic acids to give 
compounds existing in two forms, and concludes that the copper 
complex has therefore the uniplanar configuration, a deduction 
opposed by Reihlen (Z. anorg. Chem. t 1926,151, 72), who considers 
the isomerism to be due to the presence of the two asymmetric 
nitrogen atoms in these compounds. Moreover, the recent resolution 
into optically active forms of 4-co-ordination derivatives of copper, 
zinc, and beryllium by Mills and Gotts (J., 1926, 3121) shows that 
such metallic complexes have the tetrahedral configuration, thus 
confirming the conclusions of Lowry and Burgess (J., 1924, 125, 
2081} with regard to the beryllium complex. On the other hand, 
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the existence of two forms of many derivatives of bivalent platinum 
and palladium, e.g t , dichlorodiamminoplatinum, [Cl 2 Pt(NH 3 ) 2 ], led 
Werner ( loc . cit ., p. 310) to consider that here the complex was 
uniplanar and the two forms ds4ra?is-isomerides. Reihlen and 
Nestle (. Annalen , 1926, 447, 211) consider these compounds to be 
merely polymeric forms having the tetrahedral configuration,* a 
conclusion opposed on experimental grounds by Grunberg (Z. ctnorg . 
Chew,, 1926, 157, 299) and Hantzsch (Ber., 1926, 59, 2761). Finally, 
the uniplanar configuration has been given to the dimethyltel- 
luronium dihalides by Vernon (J., 1920, 117, 90) to explain the 
existence of two isomeric forms. 

Attempts were therefore made to obtain more decisive evidence 
with regard to the configuration of the 4-co-ordination nickel 
complex by preparing certain complex salts which, if possessing 
the uniplanar configuration, should show cis-trans-momerism , and, 
if possessing the tetrahedral configuration, should be resolvable 
into optically active forms. Nickel was first combined with 
pj - amino triethylamine to give bis - p - aminotriethylaminenickeloiis 
thiocyanate , [Ni{(C 2 H 5 ) 2 N*C 2 H 4 -NH 2 } 2 ](SCN) 2 . This compound, if 
possessing the uniplanar configuration, should exist in the cis (la) 
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and the trans (lb) form, whilst if possessing the tetrahedral con¬ 
figuration (II),f it should be resolvable into optically active forms 
owing to its dissymmetric nature. No evidence of cis4rans*immmmi 
could be detected in this compound, whilst the presence of the 
tertiary nitrogen atoms rendered the complex so unstable that 
attempts at resolution could not be completed. 

In order to avoid the presence of tertiary nitrogen atoms, a 
new type of complex salt was prepared by co-ordinating nickel with 
p-bromo-ay-diaminopropane to give bis-fZ-bromo - <xy-diaminopropame - 


* Reihlen goes further and states (Annalen , 1926, 448, 316) that all 4-cO' 
ordination elements have the tetrahedral configuration. 

| The thick bonds are in the plane of the paper, the thin ones at right 
angles to it. 
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niclcelous thiocyanate , [{(NH 2 -CH 2 ) 2 CHBr} 2 Ni](SCN) 2 . If this com¬ 
plex has the uniplanar configuration, the two co-ordinated ring 
systems lie in one plane, which is at right angles to that in which 
the terminal bromine and hydrogen atoms lie : the complex should 
therefore show ciVtfnms-isomerism according as the two bromine 
atoms are both on one side of the co-ordinated plane (III) or are 
on opposite sides, respectively. If, however, the complex has the 

Bn y CH 0 —NHov ,NH 2 —CEU y Br 

y/ - “ w y< (in.) 

H' \CH a —NH 2 - - ' '■■■NH,—CH/ X H 

Br v .CH —NHo-. ..NH,—CH 0V /Br a. 

y/ * “w ■>/ \c=c=o< 

H/ \CH 2 —NH,-"' —CH/ NE b' 

tetrahedral configuration, the two ring systems are at right angles 
to each other (IV) : the complex thus possesses molecular dis¬ 
symmetry, being structurally of the same type as the allene com¬ 
pounds (V), and should be resolvable into optically active forms. 
Here again, however, the highly crystalline dithiocyanate showed 
no signs of czs4ra?is-isomerism, whilst attempts at resolution failed 
because of the labile character of the bromine atoms; e.g ., the 
bis-3-bromo-ay-diaminopropanenickelous thiocyanate in hot aqueous 
solution changed rapidly into the highly crystalline bis-$-tJiiocyano - 
uy-diaminopropanenickelous thiocyanate , 

[{(NH 2 -CH 2 ) 2 CH(SCN)} 2 Ni](SCN) 2 . 

Although this compound is of the required type for the purposes 
of this investigation, its low solubility in water made it unsuitable 
for use. Attempts were made to join a more stable group to the 
central carbon atom, and in particular to prepare ay-diamino- 
itsopropyl methyl ether, (NH 2 *CH 2 ) 2 CH*0*CH 3 . aY-Dichlorohydrin 
reacts readily with potassium phthaiimide to give ay-diphthalimido- 

isopropyl alcohol, (C 6 H 4 <^>N-CH 2 ) 2 CH-OH: the hydroxyl 

group is, however, so well protected (probably sterically) that it is 
extremely inert and could not be methylated. Dichlorohydrin was 
itself methylated to give dichloroisopropyl methyl ether (Hess and 
Pink, Ber ,, 1915,48,2003), but the chlorine atoms were now extremely 
inert and would not react with potassium phthaiimide even when 
heated in a sealed tube at 180° for 4 hours. 

Nickel was next combined with the easily obtained ay-diamino- 
isopropyl alcohol to give bis-ocy-diamino-$-hydr oxypropanenichelous 
thiocyanate , [{(NH 2 *CH 2 ) 2 CH-OH} 2 Ni](SCN) 2 . Since, however, 

bivalent nickel may show a co-ordination number of 4 or of 6, 
it is difficult to decide whether in this compound the nickel has a 
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co-ordination number of 4 and is combined solely with the four 
amino-groups, or of 6 and is combined with the four amino-groups 
and with the two hydroxyl groups. It was found, however, that 
the diamine co-ordinates with cobalt to give dihydroxybis-ay- 
d iamino - p -hydroxypropanecobaltic monochloride, 

[{(NH 2 -CH 2 ) 2 CH*OH} 2 Co(OH) 2 ]C1, 

a compound in which the alcohol molecules must be co-ordinated by 
the amino-groups alone, and it was considered probable that the 
same held true of the above nickel compound, which should therefore 
be of the desired type. Again, how’ever, no trace of cis-tmns - 
isomerism w r as detected, and all attempts at resolution failed. 

P -Methyltrimethylenediamine was now synthesised by converting 
P-methyltrimethylene dibromide into the corresponding diphthal- 
imido- compound and hydrolysing it. The diamine was combined 
with nickel to give bis-$-methyltri?netkylenediaminenickelou$ thio¬ 
cyanate, [{CH 3 *CH(CH 2 *NH 2 ) 2 } 2 Ni](SCN) 2 . This compound, 
although highly crystalline, showed no evidence of cis-tram- iso¬ 
merism, and all attempts at resolution again failed. 

These repeated failures to resolve the nickel compounds may 
have been due either to the complex possessing the uniplanar 
configuration, or to the complex, if dissymmetric, undergoing such 
rapid racemisation that no evidence of resolution could be detected. 
The latter is presumably the reason for repeated failures in the past 
to resolve 6-co-ordination nickel derivatives, e.g,, trisethylene- 
diaminenickel salts, and also tristriaminotriethylaminebisnickelous 
salts (Mann and Pope, loc. cit., p. 486). 

An interesting point arises here. It is well known that the 
complex compounds of nickel in which the metal has a co-ordination 
number of 4 are much more stable than those in wdaich the co-ordin¬ 
ation number is 6 : yet nickel will combine with three molecules 
of the simplest aliphatic diamines, e.g., ethylenediamine and 
propylenediamine, to give compounds such as trisethylenediamine- 
nickel chloride, [Nien 3 ]Cl 2} which are sufficiently stable to be isolated 
and sometimes even recrystallised, in spite of the fact that the 
metal here has a co-ordination number of 6. Yet in the present 
investigation it was found that even if a nickel salt (nickel chloride 
in aqueous solution: nickel succinimide in alcoholic solution) was 
treated with a very large excess of the various diamines employed, 
viz., p-aminotriethylamine, ay-diamino^opropyl alcohol, and p- 
methyltrimethylenediamine, only two molecules of the diamine 
co-ordinated with the metal and no trace of a compound in which 
the metal had a co-ordination number of 6 could be isolated. 
Similarly ro6*eocobaltic chloride on treatment with a large excess of 
diaminoisopropyl alcohol gave always dihydroxybisdiaminohydroxy- 
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propanecobaltic monochloride, and again no compound in which 
three molecules of the diamine co-ordinated with the cobalt atom 
could be prepared. Many similar instances have previously been 
recorded. Thus nickel combines with only two molecules of 
dimethylglyoxime, to give [Ni(ON;CMe 4 CMe!N*OH) 2 ], and never 
with three molecules, whilst cobalt will give diamminobisdimethyl- 
glyoximecobaltic monochloride, [(ON!CMe-CMe!N*OH) 2 Co(NH 3 ) 2 ]Cl, 
but will not combine with three molecules of the dioxime. Dicyano- 
diamidine gives diaquobisdicyanodiamidinenickel, 

[{NH 2 -(NH:)C-N-C0-NH 2 } 2 Ni(H 2 0) 2 ], 
but the two molecules of water cannot be replaced by a third 
molecule of the diamidine. This inability of nickel * to combine with 
more than two molecules of any but the simplest double-bridging 
groups cannot be ascribed to the general instability of 6-co-ordin- 
ation nickel compounds, since tristriaminotriethylaminebisnickelous 
tetraiodide is a very stable compound, in spite of the presence of two 
■weakly co-ordinating aliphatic tertiary nitrogen atoms : it is more 
probably due to the difficult access of the third molecule of the 
diamine. Thus if, wffien nickel is treated with an excess of, e.g., 
diamino isopropyl alcohol, two molecules of the diamine co-ordinate 
first to give a 4-co-ordination complex having the uniplanar con¬ 
figuration (VI), co-ordination of a third molecule of the diamine 


HO* 


,CH 2 —NH 0 -5 


h/ \ 


CH—NH 2 /i 


—/NH.>—CH, 


—'NH,—CH, 


V° H ™ 

/ \H 


would involve bridging the potential 1 ; 6-positions, which is 
structurally probably impossible. Similarly, with tervalent cobalt 
it is probable that the first two molecules of the diamine again 
occupy the 2 : 3- and 4 : 5-positions respectively; whence the 
distant I-and 6-positions have to be occupied by simple unbridged 
groups as in dihydroxybisdiaminohydroxypropanecobaltic chloride 
and diamminobisdimethylglyoximecobaltic chloride. 

Although the extreme difficulty of co-ordinating a third double¬ 
bridging group to the nickel atom can thus be explained on the 
assumption that the 4-co-ordination nickel complex has the uni¬ 
planar configuration, it is, on the other hand, significant that in the 
present investigation the five different complex salts showed no 

* Tervalent cobalt does not always share this inability: it will combine, 
e.g., with 3 molecules of a-nitroso-£-naphthol (Morgan and Smith, J., 1921, 
219, 704). 
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evidence of aV2ra?&s-isomerism, although all were highly crystalline 
compounds in which such isomerism should have been easily detected. 
The evidence for the configuration of the nickel complex thus 
remains conflicting. 

A novel and apparently quite general reaction of 4-co-ordination 
nickel salts arose in the present investigation. Werner, in order 
to resolve certain complex salts of chromium (Ber. } 1912, 45, 865), 
had recourse to crystallisation of the camphomitronates of the 
complex, prepared by simple double decomposition with the normal 
salts. Similar attempts were made with these nickel complex 
salts, since crystallisation of the camphorsulphonates had failed 
to effect resolution. When, however, bis-^-methyltrimethylene- 
diaminenickelous nitrate is treated in cold aqueous solution with 
an excess of ammonium nitrocamphor, ammonia is at once liberated, 
the solution changes in colour from deep blue to green, and a rapid 
precipitation of the green, neutral, non-ionic biscamphornitronate- p- 
methyltrimetliylenediaminenickel occurs, in accordance with the 
equation 


[Ni{CH 3 -CH(CH 2 -NH 2 ) 2 } 2 ](N0 3 ) 2 + 2C 10 H 14 O*NO 2 NH 4 - 

[(C 10 H 14 O-NO 2 ) 2 Ni{CH 3 *CH(CH 2 -NH 2 ) 2 }] + 
CH 3 *CH(CH 2 *NH 2 ,HN0 3 ) 2 + 2NH 3 . 


A precisely similar reaction occurs with the corresponding com¬ 
pounds of p-aminotriethylamine and diaminoisopropyl alcohol, 
thus providing further evidence that the latter diamine occupies 
only two co-ordination positions, i.e., is co-ordinated by the amino- 
groups alone and not by the hydroxyl group. The three compounds 
so obtained are soluble in the usual organic liquids, but insoluble 
in water, a property common to many neutral, non-ionic co-ordin¬ 
ation compounds. It is probable that in these compounds the 
ketonic group in the camphor molecule is also linked by a subsidiary 
valency to the nickel atom, which has therefore a co-ordination 
number of 6 (VII). In this case the complex as a whole becomes 



(VII.) 


dissymmetric (in addition to the dissymmetric character of the 
constituent camphor residues) and the recrystallised compounds 
in solution might be expected to show' mutarotation owing to slow 
racemisation of the complex itself. No such mutarotation was 
shown in chloroform solution, however, by the three compounds 
of this type available. , ; 

: 5 * 2 -' 
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It is obvious that the new diamine, (3-methyltriinethylene- 
diamine, should prove extremely useful in the solution of various 
problems connected with the stereochemistry of complex salts. 
Its use will unfortunately be limited, because the preparation of 
(3-methyltrimethylene dibromide is extremely slow and tedious 
and the yield of the diphthalimido-compound is very small owing 
to side reactions. The diamine, however, co-ordinates with bivalent 
platinum to give bis-$-methyltrimethylenediamineplatinoiis chloride , 
[Pt{CH 3 *CH(CH 2 -NH 2 ) 2 } 2 ]Cl 2 . This compound is now being further 
investigated, since the occurrence of cis-trans-isomerism or of 
optical activity would solve the vexed question of the configuration 
of the complex platinous salts. 

Experimental. 

All rotations given in this paper have been measured at 15° in 
a 4-dcm. polarimeter tube. 

The Complex Salts of $-Aminotriethylamine. 

$-Aminotriethylamine , N(C 2 H 5 ) 2 *CH 2 *CH 2 *NH 2 .—In view of the 
low solubility of phthal-P-bromoethylimide in diethylamine, Risten- 
part’s preparation of this base can with advantage be modified as 
follows : Phthal-p-bromoethylimide (23 g.), diethylamine (18-3 c.c.), 
and anhydrous xylene (50 c.c.) were confined in a round-bottomed 
bottle and heated at 100° for 10 hours, diethylamine hydrobromide 
slowly crystallising from the clear solution. The cold mixture was 
acidified with hydrochloric acid (1:1 by voL), the xylene removed 
by steam distillation, and the residue hydrolysed by boiling under 
reflux, with the addition of fresh acid, for 3 hours. The product 
was then made alkaline and steam-distilled. The mixture of 
bases which separated xvhen the distillate was saturated with 
potassium hydroxide was dried over fresh potash and then fraction¬ 
ally distilled. p-Aminotriethylamine was obtained as a colourless 
liquid, b. p.144—146°. 

Bis - p - aminotriethylaminenickelous Thiocyanate .—(3 - Aminotri - 
ethylamine (15*8 c.c.; 3 mols.) was added to a solution of nickel 
suceinimide (15*0 g.) in hot absolute alcohol (500 c.c.), and the whole 
boiled under, reflux for 4 hours. The cooled filtrate from the con¬ 
centrated solution, when treated with an equal volume of a saturated 
alcoholic solution (90%) of potassium thiocyanate, yielded almost 
immediately the above thiocyanate , which, after 3 hours, was washed 
with water, alcohol, and ether (yield 10*4 g,, i.e., 68% calculated 
on the nickel taken). The yield was considerably decreased if the 
alcohol used in the preparation was not absolute, or if the above 
large excess; of the amine was not employed. In spite of this excess, 



NICKEL WITH VARIOUS ALIPHATIC DIAMINES. 


2911 


no compound in which the nickel had combined with more than two 
molecules of the amine could be isolated. The thiocyanate crystal¬ 
lised from absolute alcohol in lilac-blue needles, m. p. 213—214° 
(decomp.) after shrinking at 204° (Found: C, 41*5; H, 8*0; 1ST, 
20*7; Ni, 14*4. C 14 H 39 N 6 S 2 Ni requires C, 41*3; H, 7*9; N, 20*65; 
Ni, 14*4%). 

The chloroplatinate , [{N(C 2 H 5 ) 2 *C 2 H 4 *NH 2 } 2 Ni]PtCl 6 , was pre¬ 
cipitated on addition of a solution of the thiocyanate (0*5 g.) in 
acetone (35 c.c.) to a solution of sodium chloroplatinate (0*9 g.) in 
water (5 c.c.) and acetone (30 c.c.), and was obtained, after being 
washed with water, acetone and ether, as an apricot-coloured 
powder, insoluble in boiling water and alcohol. It darkens at 
165—168° and shrinks to a plastic rod at 179—181° (Found: C, 
20*4; H, 4*6. C 12 H 32 N 4 Cl 6 NiPt requires C, 20*6; H, 4*6%). 

Attempted Preparation of the d-Camphor-fi-sulphonate of the 
Complex. —Hot solutions of bisaminotriethylaminenickelous thio¬ 
cyanate (5 g.) in alcohol (300 c.c.) and of silver (^eamphorsulphonate 
(8*3 g.) in alcohol (100 c.c.) were mixed, boiled for 5 minutes, and 
filtered. The fine, very pale blue, crystalline precipitate deposited 
on cooling was difficult to filter off and recrystallise. Eventually, 
1 g. portions were dissolved in a little boiling absolute alcohol, 
and the solutions filtered quickly. The filtrates deposited very 
pale blue (almost white) crystals, m. p. 175—176°. This very pale 
blue colour is characteristic of many neutral non-ionic nickel com¬ 
plex salts, such as nickel succinimide, [(H 2 0 ) 2 Ni(NC 4 H 4 0 2 ) 2 ]: 
the eamphorsulphonate, moreover, in alcoholic solution gave no 
precipitate with sodium chloroplatinate, although the chloro¬ 
platinate of the complex [{N(C 2 H 5 ) 2 *C 2 H 4 *NH 2 } 2 Ni] // is insoluble 
in alcohol. It is probable, therefore, that the eamphorsulphonate 
radicals had entered the complex, and the nickel had thus increased 
its co-ordination number to 6, giving the neutral non-ionic bis-d - 
camphorsulphonatebisaminotriethylaminenicJcel , • 

f(C 10 H 15 O*SO 3 ) 2 Ni{N(C 2 H 5 ) 2 *C 2 H 4 -NH 2 } 2 ] 

(Found: N,7*4; 8,8*4; Ni, 7*45. C 32 H 6( >0 8 N 4 S 2 Nirequires N, 7*4; 
8,8*5; Ni, 7*8%). 

The d-oL-bromocamphor-K-sutyhonate was obtained from the 
thiocyanate (5 g. in hot alcohol, 300 c.c.) and silver (Z-a-bromo- 
camphor-7r-sulphonate (10*7 g. in alcohol, 150 c.c.), the conditions 
and difficulties of the preparation being similar to those described 
above. Also, for reasons similar to those mentioned above, the 
very pale blue product, m. p. 165—168° (decomp.), probably 
has the constitution [(C 10 H 14 BrO*SO 3 ) 2 Ni{N(C 2 H 5 } 2 *C 2 H 4 *NH 2 } 2 ] 
(Found: N, 5*9; Ni, 6*7, 6*65. C 3 2 H 60 O 8 N 4 S 2 Br 2 Ni requires N, 
6*15; Ni, 6*4%). 
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The alcoholic solution from which this compound originally 
separated was concentrated and cooled, and the precipitate of the 
nickel complex compound filtered off. The filtrate was evaporated 
to dryness, and the residue twice recrystallised from benzene, from 
which the d-v.-bromocamphorsulphonate of $-aminotriethylammonmm 
hydroxide , (C 10 H 14 OBr*SO 3 H,NH 2 *C 2 H 4 )*NH(C 2 H 5 ) 2 *OH separated 
in white crystals, m. p. 80—82° (Found: C, 43*5; H, 7-4; N, 
6*5; Br, 17*9. C 16 H 33 0 5 N 2 BrS requires C, 43*15; H, 7*5; N, 6*3; 
Br, 17*95%). The identity of this compound was confirmed by 
mixed melting-point determinations with the product obtained by 
treating bromocamphorsulphonic acid in alcoholic solution with 
an excess of the base, evaporating the solution to dryness, and 
recrystallising the residue from benzene. The presence of this 
compound in the original preparation shows that further decom¬ 
position of the complex occurs in hot alcoholic solution, the diamine 
being split off from the metal and becoming partially neutralised 
by the sulphonic acid. 

Bis-d-campliornitronateamiriotriethylamineniclcel, 

[(C 10 H 14 O-NO 2 ) 2 mN(C 2 H 5 ) 2 *C 2 H 4 *NH 2 ]. 

—Finely-powdered silver ^-camphornitronate (4*5 g.) was added to a 
solution of bis-p-aminotriethylaminenickelous thiocyanate (3*0 g.) 
in boiling alcohol (300 c.c.). After being boiled for 10 minutes and 
filtered, the deep olive-green solution was evaporated under 
reduced pressure to small bulk, again filtered, and then diluted 
with a little hot water. The precipitate was recrystallised from 
hot aqueous alcohol (95%), and the product thus obtained in deep 
olive-green crystals, m. p. 258—260° (decomp.) after softening 
at 248° (Found : C, 54*9; H, 7*6; N, 9*8. C^H^O^Ni requires C, 
55*0; H, 7*8; N, 9*9%). A 0*212% solution in chloroform had 
a s 46 i + 2 *33°, whence [a] M61 + 275°, and + 1560° : this 

rotation remained unchanged for 20 hours. 

The Complex Salts of -Bromo - zy-diammopropane . 

$-Bfomo-ocy-diaminopropane, (NH 2 -CH 2 ) 2 CHBr.—GabrieFs pre¬ 
paration of the dihydrobromide of this base ( Ber 1889, 22, 225) was 
modified as follows: A mixture of diphthalimidoisopropyl alcohol 
(7*0 g.) and a saturated solution of hydrogen bromide in acetic acid 
(23 c.c.) was heated in a sealed tube at 100° for 30 hours with 
occasional shaking. After cooling, the precipitate was filtered 
off, washed with alcohol, and recrystallised from acetic acid, from 
which czy-diphtkalimidoisopropyl bromide separated in colourless 
crystals, m. p. 196—198° (Found : N, 6*6; Br, 19*2. C 19 H 13 0 4 N 2 Br 
requires N, 6*8; Br, 19*3%). This compound was boiled under 
reflux with hydrobromic acid of constant b. p., and the clear solution 
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was chilled, filtered from phthalic acid, and evaporated until, 
on cooling, the dihydrobromide of p~bromo-ay-diaminopropane 
crystallised. The latter, when washed with alcohol and dried, 
was pure. 

Bis-fi-bromo - oLy-diaminopropanenickelous Thiocyanate. —A solution 
of p - bromo - ay - diaminopropane dihydrobromide (13*0 g.) in 15% 
aqueous sodium hydroxide (19-0 c.c.) was added to one of nickel 
succinimide (6*0 g.) in boiling alcohol (240 c.c.), the green colour 
of the nickel solution changing at once to blue. The solution was 
boiled for 15 minutes, filtered, reduced to small bulk, and treated 
with a saturated solution of potassium thiocyanate in 95% alcohol. 
The precipitate was filtered off after 2 hours and washed with water, 
alcohol and ether. The thiocyanate was thus obtained as a fine 
pink powder, m. p. 200—203° (decomp.) after shrinking and darken¬ 
ing at 160°. It is insoluble in all the usual organic liquids, and is 
decomposed by hot water (Found : C, 20*0; H, 3*8; Br, 33*2; Hi, 
12*2. C 8 H 18 N 6 Br 2 S 2 Ni requires C, 20*0; H, 3*8; Br, 33*25; Ni, 
12*2%). If this compound is kept in contact with the original 
solution for more than 2 hours, it becomes contaminated with 
deep blue crystals of bis-$4hiocyano-ay-diaminopropanenickelotis 
thiocyanate. The latter compound was obtained pure by boiling 
bis-p-bromo-ay-diaminopropanenickelous thiocyanate with water, 
a deep blue solution being obtained. The concentrated solution on 
quick cooling gave a fine blue, crystalline powder, whilst the dilute 
solution on slow cooling gave deep blue, heavy prisms; both 
deposits, after being washed with water, alcohol and ether, had 
m. p. 247—248° (decomp.) (Found: C, 27*5, 27*6; H, 4*4, 4*3; 
S, 29*4; Ni, 13*4. C 10 H 18 N 8 S 4 Ni requires C, 27*5; H, 4*15; S, 
29*3; Ni, 13*4%). 

ay-Dichloroisopropyl methyl ether, (CH 2 C1) 2 CH*0*CH 3 , was 
obtained as a colourless liquid, b. p. 66*5—67°/24 mm., having a 
characteristic peppermint-like odour (Found: C, 33*5; H, 5*7. 
Calc, for C 4 H 8 0C1 2 : C, 33*6; H, 5*6%). When it -was heated with 
an excess of potassium phthalimide in a sealed tube at 180° for 4 
hours, much remained unchanged and no diphthalimido-derivative 
could be isolated. 

The Complex Saits of cty-Diaminoisopropyl Alcohol . 

uy-Diaminoisopropyl Alcohol Dihydrochloride , 
(CH 2 -NH 2 ,HC1) 2 CH*0H. 

—Diphthalimidoisopropyl alcohol, prepared by Gabriel's method 
(Ber., 1889, 22, 224), was boiled under reflux with concentrated 
hydrochloric acid; the clear solution obtained, when chilled, 
filtered, and evaporated, gave the pure crystalline dihydrochloride. 
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Dihydroxybis-oiy-diamino-$-hydroxypropanecobaltic MonocJdoride . 
—A solution of diaminoisopropyl alcohol dihydr ochloride (12*2 g.; 
2 mols.) in 10% aqueous sodium hydroxide (59 c.c.) was added to a 
mixture of roseo- cobaltic chloride (10 g.) and water (150 c.c.), and 
the whole heated under reflux on a water-bath for 3 hours, ammonia 
being freely evolved. The solution was then boiled for 30 minutes, 
filtered, and evaporated until crystals appeared. After cooling, 
the latter were collected and recrystallised from hot water, the 
cobaltic monochloride separating in dark red needles (Found : C, 
23*6; H, 7*2; 1ST, 17*9; Cl, 11*6. C 6 H 22 0 4 N 4 C1 Co requires C, 23*3; 
H, 7*2; JST, 18*1; Cl, 11*5%). If the original solution was treated 
with potassium thiocyanate before the chloride started to crystallise, 
the corresponding monothiocyanate separated; after recrystallisation 
from water, it was obtained in fine, dark red crystals, decomp. 
240—250° after shrinking at about 230° (Found : C, 25*2; H, 6*7 ; 
N,* 21*0. C 7 H 22 0 4 N 5 SCo requires C, 25-3; H, 6*7; N, 21*1%). A 
solution of the pure chloride, when treated with potassium iodide, 
gave the monoiodide , which also recrystallised from -water in deep 
red leaflets (Found: C, 18*1; H, 5*5; I, 31*5. C 6 H 22 0 4 N 4 ICo 
requires C, 18*0; H, 5*5; I, 31*7%). 

Bis-ay-diamino-fi-hydroxypropanenickelous Thiocyanate .—A sol¬ 
ution of diaminofsopropyl alcohol dihydrochloride (17 g.) in water 
(50 c.c.) w^as treated with 10% aqueous sodium hydroxide (80*5 c.c.), 
and the whole added to a solution of hydrated nickel chloride 
(12 g.) in water (100 c.c.). The solution so obtained was heated 
under reflux on a water-bath for 4 hours, filtered, and concentrated. 
The addition of potassium thiocyanate solution gave the thiocyanate 
as a violet precipitate, which separated from hot water as a pale 
violet, crystalline powder, m. p. (to a clear blue liquid) 161—163° 
after shrinking at 105° (Found : 0, 27*2; H, 5*6; N, 23*4; Ni, 16*7. 
OgH^OgNeSaNi requires C, 27*1; H, 5*7;. N, 23*7; Ni, 16*5%). 

The original solution, when diluted with potassium iodide solution, 
slowly deposited the corresponding di-iodide , which separated from 
water, in which it was very soluble, in deep bluish-violet crystals, 
m. p. 239—242° (decomp.) (Found: C, 14*7; H, 4*1; I, 51*4. 
C^OsN^i requires C, 14*6; H, 4*1; I, 51*5%). 

Bi$-oLy-diamino-$-hydroxypropanenickelous d -Camphor- p - sulphon - 
ate , [{(CH 2 *NH^) 2 CH*OH} 2 Ni](C 10 H 15 O*SO 3 ) 2 .—Hot aqueous solu¬ 
tions of the thiocyanate (10 g.) and of silver ^-camphorsulphonate 
(19*2 g.) were mixed, boiled for 5 minutes, filtered, and evaporated 
to dryness. The powdered residue was recrystallised from alcohol 
(charcoal), and the d -mmphor-p-sulphonate obtained in pale lilac- 
blue crystals (Found : N, 8*2, 8*1; Ni, 8*6. C 26 H 50 O 10 N 4 S 2 Ni 
requires N, 8*0; Ni, 8*4%). ■ 
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This camphorsulphonate was recrystallised seven times from 
alcohol, and its rotation for the mercury violet line (the only light 
which would penetrate the deep violet solutions) was then com¬ 
pared with those of the actual specimens of highly purified zinc and 
magnesium dicamphorsulphonates which Graham (J., 1912, 101, 
746) had prepared for rotatory determinations. The following 
readings were all made at 15° in a 4-dcm. tube. X = 4062; c = con¬ 
centration of the solution in g./lOO c.c.; A denotes c 10 h 15 oso 3 . 


Substance. 

c. 

a. 

[a]. 

[Ml 

[{(CH 2 -NH 2 ) 3 CH-OH} 2 Ni]A 2 .. 

. 1-7466 

-f 3-60° 

+ 51-5° 

+ 361° 

MgAj.eHjO . 

. 1-8824 

H-4-60 

-f 61*1 

4- 363 

ZnA a ,6H a O . 

. 1-8699 

+ 4-25 

+ 66-8 

+ 361 


These results show that the activity of the complex: nickel salt 
is due solely to the camphorsulphonate radicals, and not to the 
complex itself. This was confirmed by reconverting the camphor¬ 
sulphonate into the thiocyanate : the latter was inactive. 

Bis - d - camphornitronate - a y - diamino - p - hydroxypropanenickel, 
[(Ci 0 H 14 O*NO 2 ) 2 Ni{(CH 2 *NH 2 ) 2 CH*OH}].—Hot aqueous solutions of 
the above thiocyanate and of silver nitrate (2 mols.) were mixed, 
boiled for 5 minutes, filtered, concentrated and chilled, a solution 
of the very soluble bis - ay - d iamino - p -hy dr oxypropanenickelous 
nitrate being thus obtained. The addition of a concentrated cold 
aqueous solution of ammonium nitrocamphor (2*5 mols.) caused the 
violet colour to change immediately to green, and the solution, 
after 12 hours, deposited a fine, green precipitate. This, when dry, 
was soluble in nearly all the usual organic solvents : it was finally 
recrystallised from anhydrous benzene, from which bis-d-camphor - 
niironate-^y-diamino-fi-hydroxypropanemcleel separated as a fine, 
olive-green powder with a molecule of benzene of crystallisation 
(Found: C, 56-5; H, 7*2; Ni, 9-3; C 6 H 6 , 12*3. C^H^O^Ni 
requires C, 56*25; H, 7*2; Ni, 9*5; C 6 H 6 , 12*6%), which was lost 
in a vacuum at 80°, leaving the pure product as an olive-green 
powder; this shrank and blackened up to 210° (Found : C, 51*2; 
H, 7*0; Ni, 10*8. C^sO^Ni requires C, 51*0; H, 7*05; Ni, 
10*85%). A 0*272% solution of the benzene-free material in 
chloroform had a 5461 + 2*89°, whence [a] 5461 + 266° and 
i + 1440°. No change in rotation occurred during 20 hours* 

The Complex Salts of fi-Methyltrimethylenediamine. 

ay-Diphthalimido-fi-methylpropane, CH 3 *CH(CH 2 *N*C 2 02 ^C 6 H 4 ) 2 .— 
A uniform mixture of potassium phthalimide (32 g.) and p-methyl- 
trimethylene dibromide (Faworski, Annalen, 1907,354, 384) (10 c.c.) 
was heated at 175—180° for 6 hours. The cold product was 
pulverised and extracted twice with boiling carbon tetrachloride 
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(200 + 80 c.c.), giving 16 4- 1-5 g. of the crude diphthalimido- 
compound and leaving a residue of potassium bromide and a small 
quantity of phthalimide. The phthalimido-compound was twice 
crystallised from boiling alcohol (400 c.c. each time), and ay-di- 
phtkalimido- (3 -methylpropane obtained in fine, white, crystalline 
scales, m. p. 169—171° (Found: C, 68*8; H, 4*8; N, 8*1. 
C 20 H 16 O 4 N 2 requires C, 68*9; H, 4*6 ; N, 8*05%). 

$~Methyltrimethylenediamine Dihydrochloride, 
CH 3 -CH(CH 2 -NH 2 ,HC1) 2 . - 

—otY-Diphthalimido-j3-methylpropane (12 g.) and concentrated hydro¬ 
chloric acid (50 c.c.), heated in a sealed tube at 160° for 18 hours, 
the tube being inverted from time to time to mix the contents, 
gave a clear pale brown solution; this, when cold, was filtered from 
phthalic acid and concentrated. The dihydrochloride was now 
obtained in three successive crops by (a) crystallisation from the 
concentrated aqueous solution, ( b) diluting the filtrate from the 
first crop with alcohol, and (c) further dilution with ether [Found : 
(a) Cl, 43*9, (b) C, 29*8; H, 8*7; Cl, 44*0, (c) Cl, 43*9. C 4 H 14 N 2 C1 2 
requires C, 29*8; H, 8*8; Cl, 44*0%]. It separated in deliquescent, 
fine, white crystals, m. p. 195—197°, very soluble in water, but 
insoluble in alcohol and ether. 

The dihydrobromide was similarly obtained by means of con¬ 
centrated hydrobromic acid, and separated, when the final con¬ 
centrated solution was diluted with alcohol, in colourless needles, 
m. p. 227—229° (decomp.) (Found : Br, 64*0. C 4 E 14 N 2 Br 2 requires 
Br, 64*0%). 

The dibenzoyl derivative, CH 3 *CH(CH 2 *NHBz) 2 , prepared in the 
usual way, after crystallising twice from benzene and once from 
acetone, was obtained in fine, white crystals, which melted with 
effervescence at 92—93°, rapidly resolidified, and remelted at 136— 
138° (Found : C, 73*2; H, 6*85. C 18 H 20 O 2 N 2 requires 0, 73’0; 
H, 6*8%). 

Bia^^mikyltrimethylenediaminenickelous Thiocyanate .—A mixture 
of a solution of p-methyltrimethylenediamine dihydrochloride 
(9*0 g,; 2*2 mols.) in 10% aqueous sodium hydroxide (20 c.c.) with 
a solution of nickel succinimide (10 g.) in boiling alcohol (300 c.c.) 
rapidly became blue. It was boiled under reflux for 1 horn, filtered 
from a small quantity of an apple-green precipitate, and con¬ 
centrated. The cold solution, on treatment with a concentrated 
aqueous solution of potassium thiocyanate, rapidly gave a bluish- 
red precipitate of the thiocyanate of the nickel complex. The 
latter can be recrystalfised quickly from hot water, but prolonged 
boiling causes the precipitation of a green sludge. After two 
recrystallisations, the thiocyanate was obtained in deep blue needles, 
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m. p. 226—228° (decomp.) (Found: C, 33*9; H, 6*9; N, 24-0. 
requires C 3 34*2; H, 6*9; N, 23*9%). 

Bis- p -methyltrimethyleiiediaminenicheloiis d -Camphor- [B -sulphonate , 
[Ni{CH3*CH(CH 2 *Nn 2 ) 2 } 2 ](C 10 H 15 O*SO 3 ) 2 .—Solutions of the above 
thiocyanate (6 g.) in hot water (120 c.c.) and of silver cZ-camphor- 
sulphonate (11*8 g.) in water (100 c.c.) were slowly mixed and then 
boiled for 5 minutes. Filtration gave a clear blue solution which, 
when concentrated and chilled, furnished the d -camphorsulphonate 
in fine, lilac-blue scales. These were recrystallised twice from 
alcohol, and then had m. p. 287—288° (decomp.) (Found : C, 48*5; 
H, 7-7; N, 8*05; Ni, 8*4. C 28 H 54 0 8 N 4 S 2 Ni requires C, 48*2; H, 
7*8; N, 8-0; Ni, 8*4%). This material was recrystallised seven 
times from alcohol, and so obtained as pale blue, minute crystals 
(Found: 0,48*3; H, 7*7%): a 1*098% aqueous solution had 
a 4062 + 2*11°, whence [a] 4062 + 48*0° and [M] m % + 335°. This 
sulphonate was reconverted in cold aqueous solution into the 
thiocyanate, which was inactive. A further preparation of the 
camphorsulphonate was recrystallised six times from water, and so 
obtained as the monohydrate (Found : C, 46*8; H, 8*2. 

C^OgN^i ,H 2 0 

requires C, 47*0; H, 7*9%): this, in 1*059% aqueous solution, had 
*4062 + 2*17°, whence [a] 4062 + 51*2° and [M] m% + 366°, but once 
again furnished an inactive thiocyanate. 

Bis-d-camphornitronate-$-methyltrimethylenediaminenickel , 
[(C 10 H X 4 O*NO 2 ) 2 Ni{CH 3 *CH(CH 2 *NH 2 ) 2 }].—A solution of the d- cam¬ 
phorsulphonate (5 g.) in water (50 c.c.) was treated with an excess 
of ammonium nitrocamphor (3*5 g.), also dissolved in water (25 c.c.). 
A green precipitate rapidly appeared, and the solution smelt strongly 
of ammonia. The precipitate was washed with water and recrystal¬ 
lised from alcohol, from which the nitronate separated in fine, olive- 
green crystals, m. p. 293—295° (decomp.) (Found: C, 53*4; H, 
7*4; Ni, 10 * 8 . C^H^OgN^Ni requires C, 53*4; H, 7*5; Ni, 10*9%). 
A 0*273% solution in chloroform had a^gj + 3*52°, whence 
Ms 4 «i + 322° and [M] mi + 1736°: the activity remained un¬ 
changed for 24 hours. This compound is only slightly soluble in 
water, but is soluble in nearly all the usual organic solvents. 

The Complex Salts of fi-Methyltrimethylenediamine ivith Bivalent 
Platinum .—A solution of ammonium chloroplatinite (4 g.) in water 
(20 c.c.) was added to one of methyltrimethylenediamine dihydro¬ 
chloride (5*4 g.; 3 mols.) in 10% aqueous sodium hydroxide (12*8 c.c.). 
A pale yellow precipitate slowly separated, and after 2 hours the 
mixture was heated under reflux on a water-bath for a further 
hours, and then chilled. The precipitate was filtered off 
recrystallised from hot water, from which dicJdoro-^m^k^^^ 
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methylenediamineplatinum , [Cl 2 Pt{CH 3 *CH(CH 2 *NB[ 2 ) 2 }]) separated in 
very pale yellow crystals, m. p. 273—276° (decomp.) (Found : C, 
13-5; H, 345; Pt, 55*0. C 4 H 12 N 2 Cl 2 Pt requires C, 13*5; H, 34; 
Pt, 55*1%). The original filtrate was now evaporated to about 
half its original volume, and on quick cooling, bis-$-methyltri - 
methyhnediamineplatinotcs chloride , [Pt{CH 3 *CH(CH 2 , NH 2 ) 2 } 2 ]Cl 2 , 

separated as a fine, white, crystalline powder, m. p. 266—-267° 
(decomp.) after darkening at about 240° (Found : 0, 21*4; H, 5*45; 
Pt, 44*2. CgH^GlgPt requires C, 21*7; H, 5-5; Pt, 44*1%). 
The filtrate, on standing several days, deposited a mixture of 
colourless crystals of sodium chloride and very pale yellow crystals 
of the platinous dichloride compound, The latter could be very 
easily separated by hand, and no indication of cis-trans-isomevic 
forms could be detected. 

The University Chemical Laboratory, 

Cambridge. [ Received , August 292/i, 1927*] 


CCCLXXX VIII.— The Nature of the Alternating Effect 
in Carbon Chains. Part XXII. An Attempt 
further to define the Probable Mechanism of 
Orientation in Aromatic Substitution , 

By Christopher Kele Ingold and Florence Ruth Shaw. 

Recent studies of reactivity transmission have led to the recognition 
in aromatic substitutions of orienting effects originating in the 
following combinations of inductively propagated electronic strain 
(I,-—>) and tautomeric or electromeric transformations (T,D*) * 
(for summary see Ann . Reports , 1926, p. 129) : 

Type —R ^— >R ^—>R ' S>s j<—R 

Symbd {1) +I (2) —I (3 ) -I + T (4)+I-fT 

/ Phenylammonium ( Halogenobenzenes. / Phenoxide 
Examples Toluene. -! ions, 4 Phenylthionium \ ion. 

\ Phenylsulphones. ( ions. 

On the other hand, previous results provide little positive inform¬ 
ation with regard to the paths whereby the effects thus arising 
traverse the nucleus. It is possible that the inductive and the 

* For reasons given elsewhere, the possible combinations represented by 
-f-T T and —I — T will hot here be separately discussed, and it is also 
unnecessary for our present purpose to consider superimposed polar orient¬ 
ation through space. 
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tautomeric disturbances travel by different routes and influence 
the reactivity in the various positions of the nucleus in different 
relative degrees. The one clearly established circumstance is that 
both types of disturbance affect primarily the ortho- and para- 
positions. 

The paucity of information on this subject is partly due to the fact 
that a knowledge of the proportions in which isomerides are formed 
in substitutions furnishes only one of the two kinds of data which are 
necessary for an analysis of the influence of orienting groups on the 
reactivity in each nuclear position. The other, consisting of the 
relative velocities of the total substitutions (o + m + p) of different 
substances, is, in general, not available. In this paper, a preliminary 
analysis of certain cases is attempted with the aid of new 
experimental data. 

Before proceeding to details, it is desirable to define the terms 
employed. By the phrase “ the reactivity in a given nuclear 
position 99 is meant the velocity, relative to some standard, of the 
substitution which occurs in that position under the conditions of 
the comparison. The effect of an orienting group on the reactivity 
of each nuclear position may therefore be defined as the number of 
molecules substituted during a small element of time at the given 
nuclear carbon atom, divided by the number which would have been 
substituted during the same element of time at the same carbon 
atom had the orienting group been absent. This ratio may be 
termed the “ coefficient of activation ” (F) for the orienting group 
and the nuclear position considered. 

The results recorded below refer to nitration. It is, of course, 
certain that the relative reactivities of different nuclear carbon 
atoms will be found to vary with the nature of the substitution 
studied (e.g., nitration and mercuration). Nevertheless there are 
good grounds for the belief that the broad, qualitative conclusions 
(which alone it is desired tp indicate in this preliminary com¬ 
munication) will be found to apply, without serious alteration, 
to the behaviour of the nucleus in a large class of substitution 
reactions. { 

Case 1. Type +X Example: Toluene .—Toluene is nitrated 
to the extent of approximately 59% in its ortho-positions, 4% in 
its meta-positions, and 37% in its para-position. The disparity 
between the op-substitution on the one hand and m-substitution on 
the other is universally regarded as indicating the op-orienting 
tendency of the methyl group; but it may have arisen in va^u&S 
ways. For instance, the orienting group may have 
increase in op-reactivity accompanied by a decrease of 
(alternation, in fact);' or it may have given rise 
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op-reactivity, and left the m-position unaffected; or it may have 
produced a large increase in op-reactivity and a smaller increase in 
m-reactivity; aiid there are other possibilities. Actually each of 
the three alternatives mentioned has been assumed or implied in 
one or other of the theories of aromatic substitution which have been 
under discussion in recent years. 

It is known from Wibaut’s experiments (Rec. trav. chim,, 1915, 34, 
241) that toluene nitrates much more rapidly than benzene; but 
this does not decide the question at issue. Our study of the relative 
velocities of nitration of benzene and toluene has led to the con¬ 
clusion that whilst the reactivity of each ortho- or para-carbon 
atom in toluene is increased roughly 30-fold, that of each meta¬ 
carbon atom is increased 2-fold by the directive action of the methyl' 
group. 

Benzene and toluene, both in excess, were nitrated together in a 
homogeneous solution; the reaction was allowed to proceed to 
completion and the product analysed. This method has an advant¬ 
age over the alternative of carrying out parallel nitrations with 
benzene and toluene separately, inasmuch as uncertainties arising 
from imperfect, and consequently unequal, temperature control are 
avoided. The molecular ratio, R, in which the hydrocarbons are 
nitrated is not the ratio of the velocities, ceteris paribus, of the 
respective total substitutions, but may be used to determine it as 
follows. 

It is assumed that the reactions are carried out in unit volume 
which does not change appreciably during the process. If y 0 , 
and 2 0 are the initial amounts of benzene, toluene, and nitric acid, 
respectively, and % and y are the quantities of benzene and toluene 
remaining after a time t, then at any moment 


— dxjdt — Jc^x -j-y — (a? 0 + y Q ) + 2 0 } 

- dyjdt = k${x + y - (x Q + y 0 ) + z 0 }. 


These equations assume that the reactions are bimolecular and 
irreversible. This has been shown to be the case for the nitration 
of a considerable number of substances, including benzene, nitro¬ 
benzene, chlorobenzene, op-dinitrotoluene, and the three nitro- 
benzoic acids (Holleman and de Bruyn, Rec. trav . chim., 1900, 19, 
79, 188, 364; 1901, 20, 206, 352; Martinsen, Z . pihysikal . Chem., 
1905, 50, 385 ; 1907, 59, 605; Wibaut, loc. cit.). Phenol, however, 
is an. exception, which is not surprising (Martinsen, loc. cit.; 
Klemene, MomtsK., 1914,35, 85; Amall, J., 1923,123, 3111). 

The above equations on simultaneous integration give 



*»/*#■ ~ (log 2/co - log y Q )/( log a?* ~ log x 0 ) 
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where x# and are the ultimate values of x and y, respectively. 
The two equations necessary to evaluate and are 


, *co + 2/co = *0 + 2/0 - s 0 

and 

■® ~ (tfo Voc )l(® o *^cc )? 

and the final expression for the ratio of the velocities of the total 
substitutions is 



Naturally, the formula applies generally to the simultaneous 
nitration of pairs of aromatic substances, provided the assumptions 
made during its derivation are fulfilled. Even if they are not 
accurately fulfilled, the general conclusions still hold, for the replace¬ 
ment of h y !k x by B, which must in any case represent a too con¬ 
servative estimate of the ratio of the speeds, leads to the same 
conclusions. If o, y., and tc represent the proportions of the indi¬ 
vidual nitrotoluenes in the total nitrotoluenes produced, the 
respective coefficients of activation are 

B QT u l0 = 3 tokyfkgi F me ta — Z\Llc v jk x ; F = Gnkyjkj, 
and on substituting the numerical data, we find 


F^tho ^ 27*6 ; F » m = 34*6; F imilL = 2*1. 

Case 2. Type — I. Examples: Benzyltrimethylammonium Salts 
and Benzoic Acid. —The examples mentioned have been chosen 
to represent this type (which includes all benzene derivatives in 
which m-substitution is known to predominate) because the first 
corresponds, we consider, with the simple inductive effect, whilst 
the second theoretically admits of a superimposed electromeric 
change, and might by some be considered as belonging more pro¬ 
perly to one of the categories mentioned in the footnote on p. 2918. 

The notoriously slower velocity of many m-oriented, as compared 
with the majority of op-oriented, substitutions, taken together with 
the observations of Martinsen ( loc. cit .), who has shown, inter alia , 
that the introduction of a carboxyl, sulphonic acid, or nitro-group 
into a benzene derivative already containing one or more orienting 
groups diminishes the velocity of further substitution, leaves little 
doubt that in m-substitutions generally the op-positions escape an 
equivalent amount of attack owing to the deactivating influence 
of the directing substituent. Strictly, the point is unproved, but it d 
is rendered sufficiently probable by the existing evidence to warrant I 
its adoption as a working hypothesis. The question remains 
whether, either generally throughout the category, 
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cases, the m-position is activated, deactivated, or left unaffected. 
In certain examples in which a positive pole is attached to the nucleus 
the answer is clearly that the m-position, like the oppositions, is 
deactivated. For the substances mentioned in the head-line, we 
find that the coefficient of meta-activation is an extremely small 
fraction of unity, the o- and preactivity factors being smaller still, 
and we believe that this state of affairs is general amongst 
m-substituting benzene derivatives. 

Case 3. Type — I + T. Examples: The Halogenobenzenes, 
etc .—This type includes the halogenobenzenes, the alkyl- and 
acyl-oxybenzeneB, the acyl-, acyl-alkyl, and diacyl-aminobenzenes, 
nitrosobenzene, phenyl sulphoxides, phenylthionium salts, and all 
other compounds in which the atom attached to the ring attracts 
electrons more strongly than hydrogen (*— /), but at the same time 
possesses unshared electrons which can be shared with the nucleus 
(+ T). 

In all the investigated instances, predominating opsubstitution is 
the rule; but a substantial amount of simultaneous m-sub- 
stitution is not theoretically impossible, since examples can be 
conceived in which the inductive process might effectively 
compete with tautomeric action. In the series of orienting groups 
NRR', OR, I, Br, Cl, F (R = alkyl) the tautomeric effect diminishes 
and the inductive effect increases towards fluorine, but even in 
fluorobeUzene the substitution is almost exclusively ortho-para. 
On the other hand, the velocity of substitution diminishes throughout 
the series to such an extent that the right-hand members become 
qualitatively differentiated from the left-hand members, and from 
the op-orienting groups, belonging to Case 1, which act by simple 
induction (+1). That is to say, the category under consideration 
provides examples of op-orienting groups which, unlike all other 
cporienting groups, dimmish the velocity of substitution; their 
coefficients of activation are fractional. In this respect they 
resemble the m-orienting groups of Case 2, but are distinguished from 
them by the fact that for the groups of Case 3 the meta-deactivation 
is even stronger than the op-deactivation, whereas the reverse holds 
for Case 2. From the left of the above series up to and including 
iodobenzene the values of k v jlc x are greater than unity; for bromo- 
benzene (0*2), chlorobenzene (0*01), and fluorobenzene (0*002) they 
are fractional, and the values given, although approximate, establish 
the order of the compounds. 

The position assigned to the NHAc-group is based on nitration 
with a neutral reagent in a neutral or feebly acid medium (acetyl 
nitrate in aoetic anhydride; Ingold and Ingold, J., 1926, 1310). 
The nitration of acetanilide with nitric acid in sulphuric acid as 
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solvent is interesting inasmuch as the same salt-forming process 
which absorbs the unshared electrons also charges, and enhances the 
electron affinity of the nitrogen atom, so that on increasing the 
strength of sulphuric acid the circumstances of Case 3 continuously 
approach those of Case 2; this takes place with corresponding 
changes in the coefficients of activation, which become fractional, 
and, as Noelting and Collins’s experiments indicate, in the 
proportions of the isomerides {Ber., 1884,17, 262). 

Case 4. Type + I + T. Example ;■ The Phenoxide Ion. —The 
general conditions affecting the substitution of the phenoxide ion are 
attested by known results. In particular, the high op-reactivity 
of the ion in comparison with undissociated phenol is well illustrated, 
by the recent experiments of Soper and Smith (J., 1926, 1582). 

Discussion and Conclusions. —Consideration of the facts sum¬ 
marised above has led us to the following conclusions : 

(i) That whereas inductive effects of either sign operate primarily 
on the ortho- and para-positions, an appreciable second-order effect, 
always of the same sign as the primary effect, is relayed on to the 
meta-position. 

(ii) That whereas tautomeric effects also operate powerfully on 
the ortho- and para-positions, no similarly appreciable second-order 
effect reaches the meta-position. 

(iii) That whilst inductive effects give rise to an essentially 
permanent (not necessarily constant) molecular condition, the 
tautomeric effect (apart, possibly, from a small permanent residuum) 
is essentially temporary in character, assuming much greater 
importance at the moment of attack by a reagent than in the 
quiescent period preceding it. 

Conclusion (i) is reached directly from the consideration of Cases 1 
and 2. It implies that m-substitution in Case 1 arises from second- 
order m-activation, and in Case 2 from second-order m-deactivation, 
which explains the velocity relations, A consistent deduction is 
that, as op-deactivation increases, the proportion of the effect 
relayed to the m-position decreases, so that the m-directive power of 
a group (Case 2) runs inversely as the velocity of m-substitution. 
This is certainly true for a series such as C0 2 H(80%), N0 2 (93%), 

- 4 -. 

NMe s (100% meta), in which the velocities rapidly diminish towards 

4* 

NMe 3 and the figures in brackets represent the proportion of meta¬ 
nitration. 

Conclusion (ii) follows from Case 3. Considering the series (p,fi 
2922) NRR', OR, , . Cl, F, the term — I may for many 
be neglected in the left-hand members in 
which produces strong op-activation but no 
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detectable in comparison. Again, if one imagines an extension of 
the series from NRR' (T strong), through F (T weak), towards an 

"t* 

extreme representative, such as NRR'R", of Case 2, 

-decreasing T ->- + 

NRR' . . . (a) . . . F . . . (6) . . . NRR'R" 

-increasing —7 ->- 

the change over (a) from op-activation to op-deactivation occurs 
higher in the series than the change (6) from op- to m-substitution. 
For groups lying near the first of these critical positions (a) in the 
filled-in series, it is obvious that whilst the tautomeric effect can 
annul or reverse the strong op-deactivation arising from inductive 
action, it cannot reverse the relatively feeble m-deactivation. In¬ 
deed it seems to us that the condition of the whole group lying 
between the critical points (a) and (6) can be interpreted only along 
the lines indicated. The application to Case 4 is that appreciable 
m-substitution might arise if the inductive effect (+ 1) were suffi¬ 
ciently powerful. Arnall’s claim (J., 1924,125, 811) to have estab¬ 
lished 2—3% of m-substitution in the nitration of phenol might, if 
confirmed, be an indication in this direction. For systems of groups 
falling wholly within any one of Cases 1, 3 and 4, op-directive 
power must run parallel with the velocity of op-substitution, but 
no such simple rule can be laid down for the comparison of groups 
belonging to the different cases. 

Conclusion (ill) is tentative, and is introduced because it appears 
necessary for the reconciliation of conclusions (i) and (ii). That 
inductive effects give rise to a permanent condition of electronic 
strain agrees with the known data relating to the molecular dipole 
moments of benzene derivatives, and it is consistent with our 
knowledge of reactivity transmission that a fractional part of charges 
arising on the ortho- and para-carbon atoms should be transmitted 
to the meta-carbon atom. On the other hand, it is difficult to see 
how op-charges which would be produced by the tautomeric effect 
can avoid similar, transmission to the m-position, unless it be that 
they are externally neutralised/ ? that is, unless the electron dis¬ 
placements become large only at those moments when the reagent 
molecule which excites them is already committed to ortho- or 
para-attack. 

The above interpretation, which is consistent with the following 
graphical representations, 

R-- 

V- 

-f 7 (op-) — 7 (m-) -f T (op-) 
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is regarded as partly modifying, and partly giving definition to, 
the views originally expressed by Ingold and Ingold ( be . cit.), and 
as formulating in a more general way than has hitherto been possible 
the main principles which underlie the more recent communications 
from this laboratory on the subject of aromatic substitution. Only 
benzene substitutions are here dealt with, but the more important 
applications to naphthalene, quinoline, and certain other simple 
aromatic systems are sufficiently obvious. It will also be under¬ 
stood that the types discussed grade into one another, and in 
developing the work we shall investigate u-halogenated and co-carb- 
oxylated toluenes in order to emphasise this point. 

Experimental. 

Benzene was purified in the usual way. Toluene was purified by 
distillation, partial solidification (Ramsay), drying, and re-distil¬ 
lation (b. p. 110-4—1108°). The other substances mentioned below 
were purified by distillation or crystallisation. 

Toluene (1 mol.) and benzene (1 mol.) were nitrated together in a 
solution prepared from nitric acid (0*4 mol.) and acetic anhydride, 
the experiment being otherwise carried out as described by Holle- 
man (Bee. trav. chim 1914, 33, 1). Preliminary experiments had 
shown that for our purpose density determinations made with a 
moderately large pyknometer provided a more satisfactory method 
of analysis than measurements of refractive index. Accordingly, 
pure toluene was nitrated, without benzene, under the conditions 
indicated, and the mixed mononitro-derivatives were freed from 
unchanged toluene by distillation until the density remained 
constant. Mixtures of this product with similarly purified nitro¬ 
benzene had the following densities (d) at 25°; p denotes the 
percentage of nitrobenzene: 

p . 0-00 1-89 3*60 5-57 9*64 12-06 21*3 100-0 

it . 1*1526 1*1529 1-1537 1-1551 1-1566 1-1572 M616 M9S5 

These points all lie on or close to the straight line represented by 
the equation d =* M526 + (MM)0459p. The products of the mixed 
nitrations were likewise distilled to constant density to remove 
benzene and toluene, and the densities determined. They were 
tl w l*1555(i) and M558(ii), which correspond with 6*3%(i) and 
0*9%(ii) of nitrobenzene, that is, with7-0(i) and 7*6(ii) molecules % 
of nitrobenzene. The agreement being apparently as good as 
could be expected from the method, the mean value, 7*3 molecules 
% } which gives = 12*7, was used to calculate from the formula 
on p. 2921 that k y Jk £ = 15-7. From this figure, by means of Holfcj 
man's data for the proportions of the isomerides (iEoc. 
coefficients given in the introduction are obtained. V: 
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The investigation of the halogenobenzenes was carried out 
similarly with the following differences : (a) 1-0 mol, of nitric acid 
was used for the preparation of the acetyl nitrate solution, (6) the 
temperature of nitration was 45°, (c) the method of analysis was 
suited to the individual case. The product obtained from the 
experiments with fluorobenzene was distilled to remove unchanged 
benzene and fluorobenzene, and the remaining binary mixture 
hydrolysed with boiling sodium hydroxide solution to remove the 
fluorine as fluoride ion from the nitrofluorobenzenes—a process 
which is quantitative. The products obtained from chlorobenzene 
and bromobenzene were distilled to remove benzene, and the 
remaining ternary mixtures were hydrolysed under conditions known 
to be appropriate in each case. The liberated halide ions were 
estimated, and the residual binary mixtures insoluble in alkali sub¬ 
mitted to ultimate analysis. By means of these methods, concordant 
determinations gave the following values : R? = 0*0107, i? C i — 
0*027, i?Br = 0*36, whence the figures given in the introduction 
were calculated. Competitive nitration of benzene and iodobenzene 
gave iodonitrobenzenes exclusively {Rj large), and anisole behaved 
similarly. 

Since the medium used in the above experiments does not dissolve 
benzyltrimethylammonium picrate or benzoic acid sufficiently, a 
mixture of pure acetic acid and sulphuric acid in equimolecular 
proportion (15 mols. of each) was used as solvent for the nitration 
of these substances. The temperature was 0°. In each case, the 
benzene alone was nitrated and the other substance was recovered 
pure and unaccompanied by any trace of its nitro-derivatives; 
this was proved by m. p. and mixed m. p., and, for benzoic acid, 
confirmed by sublimation. In the course of the nitration of taenzyl- 
trimethylammonium picrate, picric acid separated from solution, 
but we do not regard this as invalidating the experiment, since the 
benzyltrimethylammonium ion remained dissolved. 

The nitration of acetanilide was similarly investigated with 
identical results. 

The University, Leeds. [Received, October 2Bth 9 1027 .] 

(X3CLX^ Points of the Substituted 

Amides of Dibasic Acids , 

By Ctjthbebt Richmond Babnicoat. . 

The members of homologous series usually show a fairly regular 
variation in physical properties as each series is ascended. The 
mono- and the di-basic acids are exceptions, as their melting points 
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rise and fall alternately. Biach (Z. Physik , 1904, 50, 43) pointed 
out that this alternation is really quite general, as it appears in at 
least sixteen series of compounds. By plotting the melting points 
against the. number of carbon atoms in the chain, two distinct 
curves, not necessarily exhibiting rise and fall, are obtained in each 
case, and those compounds containing an even number of carbon 
atoms lie on the higher curve. This phenomenon, evident even in 
the paraffins, appears to be due to something inherent in the carbon 
chain itself. 

Robertson (J., 1908, 93, 1033; 1919, 115, 1210) has shown that 
the amides and substituted amides of the monobasic fatty acids 
exhibit this irregularity to an even more marked extent than the 
acids themselves. The investigations did not extend to dibasic 
acids, and it is to the study of the corresponding compounds of these 
that this work is confined. 

Experimental. 

The method of preparation of these substances was much the 
same as that described in Robertson’s papers (loc. cit.). 

The acids were from Kahlbaum, except the three highest members 
which were prepared by Lumsden and Walker’s method (J., 1901, 
79, 1191). 

All the melting-point determinations were made by the capillary- 
tube method in a castor-oil bath, and are uncorrected. The same 
standardised thermometer was used throughout. 

The compounds not containing bromine were analysed by Kjel- 
dahl’s method, and the bromo-derivatives by the chromic acid 
method (Robertson, J., 1915, 107, 902). 

In Table I are the redetermined values of the melting points of 
compounds which were already known. 


M. p. Previous observers. 
224° 225°, 230° 

189 193 

247 248, 250 


Table I.. 

Compound. Formula. 

Malonanilide . C l5 H 1(l OgN a 

fttalono-o-toluidide.. C 17 H 18 Q 2 N a 

Malono-p-toluidide. C 17 H x 8 0 2 N a 

(Sucoinanilide ... C 16 H x 6 0 a lSr a 

Succino-p-toluidide . C 18 H 20 O 2 N 2 

Suocino- 0 -toluidide .. C x 8 H 20 O 2 N a 

Glutaranilide .. C a7 H 18 0 2 N 2 

Adipanilide . C 18 H 20 O a N a 

Pimelanilide ..................... C 19 H 22 O a N 2 

IQ-E-24^2^2 

, 2 H 28 O a N a 

Asselanilide ... C 21 H a6 O a N 2 

Sebaoamlide.... C 22 H 2 aQa^a 

* This is probably the melting point of sucoiao-o-toiuidfe 


227 

226 

200 

256 

231 

100* 

223 

223,214 

235 

235, 233, 240 

152 

155 

182 

183, 187 , v 

219 

218 ' 

184 

185 '>.i 

200 

;• 108• •• •}* f.&fesaAi 
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In Table II are the m. p.’s and analyses of the new compounds 
prepared in connexion with this work. 


Table II. 


Compound. 

ft-Nonanediearboxyamide . 

w-Decanedicarboxy amide . 

ft-Nonanedicarboxyanilide . 

?i-Decanediearboxyanilide .. 

«-Undecanedicarboxyanilide . 

Glutaro-o-toluidide .. 

Adipo-o-toluidide ... 

Pimelo-o-toluidide .. 

Subero-o-toluidide . 

Azelo-o-toluidide .. 

Sebaco-o-toluidide .. 

n-Nonanedic arboxy-o -1oluidide ... 
n-Decanedicarboxy-o-toluidide ... 
n-Undecanedicarboxy-o-toluidide 

Glutaro-p-toluidide . 

Adipo-p-toluidide. 

Pimelo-p-toluidide . 

Azelo-p-toluidide ... 

Sebaco-p-toluidide .. 

n-Konanediearboxy-p-toluidide ... 
w-Decanedicarboxy-p-toluidide ... 
w-Undecanedicarboxy-p-toluidide 


Formula. 

C U H 22 O 2 0 2 

^ 12 ^ 24 ^ 2^2 
C24H32O 2 N 2 

^25^340^2 

c 19 h 22 o 2 n 2 

^-'2Q®-24^2^2 

C2iH 2 e0 2 N 2 

c 22 h 28 o 2 n 2 

^'23^-30^2^2 

C 2 4H 32 0 2 N 2 

^2 6^34^2-^2 
C28®36^2-^2 
C217H3 8 0 2 N 2 

C ie H 22 0 2 N 2 

C 20 II 2 4O 2 N 2 

^21-®-26^2^2 

^23-^-30^2-^2 

C 2 4H!3 2 0 2 N 2 

025^340 2 N 2 

O 2 6036O 2 N 2 

0 27 H 38 O 2 N 2 


M. p. 

%N 

found. 

%N 

calc. 

173° 

12-8 

13*1 

189 

12-0 

12-3 

156 

7*45 

7*65 

191 

7-3 

7*4 

158 

7-0 

7*1 

222 

9-2 

9*0 

222 

8*2 

8*6 

174 

8-2 

8*3 

185 

7*8 

7*9 

171 

7*6 

7*65 

179 

7-5 

7*4 

164 

7*0 

7*1 

164 

7*2 

6*9 

142 

6*7 

6*6 

218 

8*7 

9*0 

241 

8*3 

8*6 

206 

8*2 

8*3 

198 

7-5 

7*65 

201 

7*2 

7*4 

191 

7*4 

7*1 

165 

7*0 

6*9 

156 

6*5 

6*6 


In Table III are the m. p.’s and analyses of the new brorno 
compounds. 

Table III. 

Compound. Formula. 

Succino-p-bromoanilide. C 10 H 1 4 O 2 N 2 Br 2 

Glutaro -p -bromoanilide.. C 17 H ia 0 2 N 2 Br 2 

Adipo-p-bromoanilide ... C l fi H x fi 0 2 N 2 Br 2 

Pimelo-p-bromoanilide ... C t9 H 20 O 2 N 2 Br 2 

Subero-p-bromoanilide .. C 20 H 22 O 2 N 2 Br 2 

Azelo-p-bromoanilide. C 2I H 24 0 2 N 2 Br 2 

Sebaco-p-bromoanilide . C 22 H 26 0 2 N 2 Br 2 

n-Nonanedicarboxy-p-bromoanilide C 23 H 2fi 0 2 N 2 Br 2 

n-Becanedicarboxy-p-bromoanilide ... C 24 H 80 O 2 N 2 Br 2 

w-Undecanediearboxy-p-bromoanilide C 2 5 H 32 0 2 N 2 Br 2 

Remarks,—Acids. The differences in melting 
members are considerably greater than those between the corre¬ 
sponding monobasic acids, and the two curves tend to converge. 
A minimum is obtained at the fifth member (Pig. 1). 

Amides . The curves resemble those of the acids, as the terminal 
groups are somewhat similar. The melting points are on the 
average 70° higher, and the differences between corresponding 
members more marked (Fig. 1). 

Anilides, The introduction of a phenyl group causes a striking 
change in the nature of the curves (Fig. 2), that of the odd series 



% Br 

% Br 

M. p. 

found. 

calc. 

284° 

37*4 

37*5 

256 

36*6 

36*4 

268 

35*5 

35*3 

240 

34*3 

34*1 

248 

33*0 

33*2 

225 

32*1 

32*3 

225 

31*1 

314 

216 

30*5 

30*5 

213 

29*5 

29*7 

202 

28*9 

29*0 

point 

of adjacent 
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showing greater irregularity than its fellow, and less marked altern¬ 
ation results (i.e., the curves lie closer together). Alternation 
appears to exhibit an unusual arrangement in fours. 

o-Toluidides (Pig. 3). There is a marked similarity between 
these and the two following series, with substituted phenyl groups 
in the chain. A pronounced maximum is attained at the fifth 
member. The relative variation between the odd and the even 
series decreases slightly. The initial irregularity is apparently due 
to the unsymmetrical arrangement of the o-tolyl ring distorting 


Pig. I. 



Number of carbon atoms in chain , Number of carbon atoms in chain . 

Fig. 2. Anilides. Fig. 4. p+Toluidides* 

the molecule, particularly when the chain is short and the end groups 
are in close proximity. 

p -Toluidides (Pig. 4). The curves show slightly greater variation 
and the molecule is symmetrical, causing irregularity to be absent, 
IhBromoanilides (Pig, 1). The bromine atom has the most 
marked influence of all the substituents, producing curves almost 
devoid of irregularity. 


I wish to thank Professor P. W. Robertson for his advice and for 
the interest he has taken in this work, ^ 


Victoria University College, 
Wellington, New Zealand. 


[JReceived, April 27tk, 1921, 
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CCCXC .—Aromatic Thionyl and Chlorothionyl Deriv¬ 
atives. Part III. Some Reactions of Thionyl- 
alizarin. 

By Axbert Green. , 

Since thionylalizarin appears to be tbe most reactive of the thionyl 
compounds previously examined (J., 1924,125, 1450; 1926, 2198; 
this vol., pp. 500,554,2341), a further study of its reactions has been 
carried out. 

It is now shown that although the interaction between the thionyl 
compound and weak organic acids provides a general method of 
preparing the corresponding 2-acyl derivatives of alizarin, yet with 
the stronger organic acids the thionyl derivative reverts to 
alizarin. The following acids yield 2-monoacyl derivatives : acetic 
(loc. cit.), phenylacetic, phenoxyacetic, cinnamic, benzoic, o-toluic, 
w-bromobenzoic, and p-bromobenzoic. Monochloroacetic acid gives 
a mixture of alizarin and a substance having the appearance of its 
monochloroacetate, whilst with dichloroacetic, trichloroacetic, and 
dibromoacetic acids thionylalizarin gives alizarin only.. 

It is thus clear that the reaction which a thionyl compound 
undergoes with an organic acid depends on the nature of that acid. 
The nature of the thionyl compound is also a factor, for while the 
thionyl derivatives of alizarin and of pyrocatechol are quantitatively 
converted into their monoacetates {loc. cit.) by acetic acid, yet under 
the same conditions thionylhystazarin (loc. cit.) gives hystazarin 
only. 

Diacyl derivatives are obtained by the action of benzoic anhydride, 
benzoyl chloride and acetyl chloride, but succinic and phthalic 
anhydrides react neither with thionylalizarin nor with alizarin 
itself. This may be accounted for by the fact that the production 
of alizarin succinate (or phthalate) would necessitate the formation 
of a cyclic structure of eight atoms. Dibenzoylalizarin has been 
obtained in two crystalline modifications, melting at 160° (labile) 
and at 187 ° respectively. 

; The thionyl compound is rapidly decomposed, with evolution of 
sulphur dioxide, by boiling absolute ethyl alcohol and by hot phenol 
and in both cases the products are pure alizarin. 

In attempts to prepare ethers by the condensation of thionyl¬ 
alizarin with alkyl halides and with alkyl sulphates no reaction 
was observed. 

Thionylalizarin reacts readily with hot primary aromatic amines, 
with evolution of sulphur dioxide, to give alizarin, which then 
undergoes further slow reaction with the bases to yield secondary 
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amines. For example, in one experiment, the product obtained 
after boiling thionylalizarin in dry aniline for 1 hour contained less 
than 1% of nitrogen, gave the reactions of alizarin,and melted at 
265—268°. This melting point was raised to 275—277° by admixture 
with pure alizarin. Similar results were obtained with other 
aromatic amines, and the reaction was not investigated further. 

Experimental. 

Interaction of Thionylalizarin with Acids , Acid Anhydrides , and 
Acid Chlorides .— Methods. A. In the case of the lower-melting 
acids, a slight excess was heated with thionylalizarin at 150—170°. 
When the evolution of sulphur dioxide was no longer vigorous 
(usually 10 to 15 minutes), the melt was allowed to cool, boiled with 
ether to remove any unchanged acid, and the residue was re¬ 
crystallised from benzene or absolute alcohol. Yields of 90 to 95% 
of the pure products were obtained. 

. B . The acid or anhydride and thionylalizarin were heated in dry 
nitrobenzene at 170° for 40 to 60 minutes. On cooling, a portion of 
the product usually crystallised. A further quantity was obtained 
by adding ether to the solution and allowing it to stand. The 
yields averaged 60%. 

C. Benzoyl chloride reacted vigorously at its boiling point with 
thionylalizarin, and dibenzoylalizarin, m. p. 187°, crystallised on 
cooling. With acetyl chloride no reaction was observed after 
4 hours' boiling, but when the substances were heated in a sealed 
tube at 150—170° for 2 hours, diacetylalizarin was obtained in 80% 
yield. 

Alizarin benzoates. 2-Monobenzoylalizarin (methods A and B) 
was obtained from absolute alcohol in Small, chrome-coloured 
needles, m. p. 208—210° (D.R.-P. 297,261 gives 214—216°). When 
mixed with a specimen prepared from alizarin and the theoretical 
amount of benzoyl chloride in pyridine solution, it showed the same 
m. p. (Found: C, 73*3; H, 3*6. Calc, for C 21 H 12 0 6 : C, 73*3; 
H, 3-5%). 

Dibenzoylalizarin (B and C ). When prepared from the thionyl 
compound and benzoic anhydride in nitrobenzene solution, di¬ 
benzoylalizarin separated in clusters of small, pale chrome crystals, 
m. p. 160°, which was unchanged by further immediate crystallisation 
from benzene (Found : G, 74*8; H, 3-7. C 28 H 16 0 6 requires C, 75*0; 
H, 3*6%). This labile form, on being kept for a week in contact 
with a little of the original nitrobenzene solution, was transformed 
to the stable modification, which consisted of stout, primrose prism£»| 
m. p. 187° (Found : C, 74*9; H, 3*7%) (compare Barnett and Ctook^ 
J, 1922, 121, 1389). Other preparations of this derivative 
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alizarin and benzoyl chloride in pyridine gave the higher-melting 
form. 

The following 2-monoacyl derivatives of alizarin were also prepared. 
The methods of preparation are indicated, and the calculated values 
for C, H, and Br are given in brackets after the found values. 


2-Acyl derivatives 

of alizarin. Appearance and m. p. 

Phenylacetyl {A) ... Greenish-yellow needles, 
m. p. 165°. 

Phenoxyacetyl (A )... Small, yellow needles, 
m. p. 179°. 

Cinnamoyl (A and B) Golden-yellow prisms, 
m. p. 209°. 

o-Toluoyl (A) . Fine, ochre needles, m. p. 

192°. 

m-Bromobenzoyl (A) Small, greenish-yellow 
needles, m. p. 214°. 

■p-Bromobenzoyl (B) Greenish-yellow needles, 
m. p. 195°. 


Recrystallisation solvent 
and analyses. 
Benzene. 73*7; 4*0 (73*7; 
3*9). 

Benzene. 70*7; 3*7(70*6; 
3*7). 

Benzene. 74*6; 3*7(74*6; 
3*8). 

Benzene or absolute 
alcohol. 73*7; 3*9 
(73-7; 3*9). 

Toluene. Br, 18*7 (18*9). 
Benzene. Br, 18*9 (18*9). 


Condensations with Halogen-substituted Acetic Acids. —(1) Mono- 
chloroacetic acid . Thionylalizarin (2 g.) was treated with the care¬ 
fully purified acid, according to method A . The product, crystal¬ 
lised from benzene, consisted of 1*6 g. of an intimate mixture of fine, 
yellow needles, which closely resembled the monoacyl compounds 
previously examined, and of fine, reddish-brown flakes. The 
mixture contained 5*8% of chlorine (the monochloroacetate requires 
11*2%). Similar results were obtained by varying the experimental 
conditions. After repeated extraction, of the mixtures with light 
petroleum, a residue of pure alizarin was obtained; m, p. 288°, 
either alone or mixed with an authentic specimen. 

(2) Thoroughly dried and purified dichloro-, trichloro-, and 
dibromo-acetic acids in all experiments gave theoretical yields of 
halogen-free alizarin, which was identified by mixed melting-point 
determinations with the pure substance, and by conversion into 
the diacetate. 

The products from alcoholic and phenolic solutions of thionyl¬ 
alizarin were shown to be alizarin in the same manner. 

The author wishes to thank the Research Fund Committee of 
the Chemical Society for a grant which has defrayed part of the 
cost of this research. 

The Edward Davies Laboeatoeies, University College or Wades, 
Aberystwyth. [Received, September Zrd 9 1927.] 
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CCCXCL —The Isomerism of the Oximes . 

Part XXXII. Sulphates . 

By Oscab L. Beady and Alax D. Whitehead. 

Luxmoobe (J., 1896, 69, 180) showed that a-benzaldoxime eould be 
converted into the (3-isomeride by means of concentrated sul¬ 
phuric acid and isolated both the a- and the (3-benzaldoxime sulphate, 
CeHs’CH.’NOHjHgSO^ The a-oxime sulphate regenerated the a-oxime 
ondecomposition with aqueous ammonia at 0 °, and on keeping rapidly 
changed to the ( 3 -oxime sulphate; this gave the (3-oxime on treat¬ 
ment with alkalis. A number of other aromatic aldoxime sulphates 
have now been prepared and Luxmoore’s method of converting the 
a- into the (3-oxime has been investigated in the hope that it would 
prove more convenient than the usual procedure through the 
hydrochloride. Further, it was thought that it might be possible, 
through the sulphate, to bring about isomeric change in those 
oximes wilich do not form hydrochlorides (Brady and Dunn, J., 
1915,107, 1862; Brady and Manjunath, J., 1924,125, 1068). 

When a- o-, m - 3 or 39 -nitro- or a-p-methoxy-benzaldoxime is 
dissolved in concentrated sulphuric acid, the sulphate of the a-oxime 
is first formed, and the solution on neutralisation with sodium 
carbonate regenerates the a-oxime; if the solution be kept for some 
time or heated to 100 °, or if the temperature rises too much during 
the dissolution owing to the heat of reaction, the sulphate of the 
(3-oxime is produced, and the solution on neutralisation gives the 
(3-oxime. Provided that the temperature is kept low, the dry 
sulphates of these oximes, isolated by various means from the freshly 
prepared solutions, consist mainly of the a-form, differing in this 
respect from the hydrochlorides, since, although the a-hydrochloride 
of jp-methoxybenzaldoxime can be obtained at — 10 °, those of 
m- and p-mtrobenzaldoxime are stable only at very low temper¬ 
atures (Brady and Dunn, J., 1916, 109, 680; 1923, 123, 1798). 
The solid sulphate from benzaldoxime consisted of the ( 3 -form 
(compare Luxmoore, loc . cit.). In the case of a-o-methoxybenz- 
aldoxime, which cannot be converted into the |3-isomeride through 
the hydrochloride, sulphate formation likewise failed to bring about 
the change; a-o-chlorobenzaldoxime, which yields the (3-form only 
with difficulty through the hydrochloride, gave only an a-sulphate; 
3 : 4 -methylenedioxybenzaldoxime gave an a-sulphate which could 
not be converted into the (3-form owing to decomposition of the 
methylene group on heating or keeping. a- 6 -Nitro -3 ; 4-methyl^|| 
dioxybenzaldoxime and «-6-bromo-3 : 4-dimethoxybenzaidoxime>| 
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which do not form hydrochlorides, gave a-sulphates, but these 
compounds did not change to the (E-forms. 

When solutions of a-benzaldoxime, 0 -, m-, and p-nitro-, and 
^-methoxy-benzaldoximes in concentrated sulphuric acid were 
heated for a short time at 100°, cooled, and poured into a large excess 
of sodium carbonate solution, products were obtained which on 
crystallisation gave fairly satisfactory yields of the (E-oximes. This 
method is probably the quickest way of preparing small amounts 
of the (E-oximes, but does not work well with quantities much 
above 2 grains; it seems that owing to the longer time required for 
neutralisation when larger quantities are used, as in the case of 
the hydrochlorides, partial reversion of the (E- to the a-oxime takes 
place. 

Prolonged heating of aldoximes with concentrated sulphuric acid 
results in the formation of the corresponding amides. It is impossible 
to decide at present whether this is a Beckmann change (I) or 
dehydration to nitrile followed by addition of water in another way 
(II), since the nitrile on similar treatment yields the amide. 


R-CO _R-£-OH R-fjH 

NH 2 HN HON 

(Id 


RCN 


R-CONH 2 


(II.) 


o-Nitro-, o-methoxy-, 3 : 4-methylenedioxy-, and 6-nitro-3 : 4- 
methylenedioxy-benzaldoxime undergo extensive charring on 
heating with sulphuric acid and could not be investigated under 
such conditions. 

Experimental. 

a-Brnmldoxirw.—Formation of (E -oxime. The method of converting 
the a- into the (E-oxime by means of sulphuric acid has been investi¬ 
gated in order to find the best conditions. When benzaldoxime 
was dissolved in 96% sulphuric acid (5 g.) the temperature rose to 
40—50° and after 4-5 g. of oxime had been added the solution became 
thick with crystals of benzaldoxime sulphate. If the solid sulphate 
was separated from the acid, pressed on a porous tile, and added to 
excess of 2N-sodium carbonate, fairly pure (E-oxime was obtained, 
but when the whole semi-solid material was slowly stirred into a 
volume of 2N-sodium carbonate containing 4 mols. of carbonate 
for each mol. of acid used (this will subsequently be referred to as 
neutralisation), an oil separated consisting of a mixture of (E- and 
unchanged a-oxime. With 5 g. of oxime and 10 g. of acid, complete 
solution was attained, but neutralisation gave a waxy product still 
confi n ing much a-oxime. When a solution of 5 g. of oxime in 
20 g. of acid was kept for a month in a closed flask, or when a 
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solution of 1 g. of oxime in 5 g. of acid was heated on the water-bath 
for 30 minutes, the product obtained yielded on neutralisation a 
fairly pure (3-oxime (m. p. 108—111 0 ), one crystallisation from 
benzene giving the pure compound. 

Formation of benzamide. A solution of a-benzaldoxime (5 g.) in 
concentrated sulphuric acid (15 g.) was heated on the water-bath for 
12 hours, kept for 2 days, and neutralised, a white precipitate being 
obtained. The suspension was extracted with ether and then with 
chloroform. The ethereal solution contained impure (3-benzald- 
oxime (identified by comparison with an authentic specimen and 
by conversion into the a-benzoyl derivative; the yield was 14% of 
the oxime taken), no aldehyde or nitrile, and 1*42 g. of benzamide; 
1 g. of benzamide was obtained from the chloroform extract, the 
total yield being approximately 50% of the oxime taken. The 
aqueous solution, after being acidified with hydrochloric acid, 
yielded to ether 0*6 g. of benzoic acid, corresponding to 12% of the 
oxime employed. Of the 24% of the oxime unaccounted for, 
most was probably lost during manipulation, some possibly as 
sulphonate. 

a-m -Nitrobenzaldoxime .—When the oxime (1 g.) was stirred into 
sulphuric acid (2 g.), the temperature rose to 35°. The almost 
colourless, viscous solution was cooled in a desiccator for 30 minutes 
and poured into dry ether. The precipitated %-m-nitrobenzaldoxime 
sulphate was collected, washed rapidly twice with dry ether, and 
kept for 12 hours in an evacuated desiccator. It consisted of a white, 
crystalline powder, m. p. 71—76°, and was analysed by decom¬ 
position of a weighed amount with water and titration of the sul¬ 
phuric acid with N] 10-sodium carbonate and methyl-orange 
(Found : H 2 SQ 4 , 41*2. C 7 H 6 0 3 N 2 ,H 2 S0 4 requires H 2 S0 4 , 37-1%). 
The freshly prepared solid sulphate on decomposition with 2N- 
sodium carbonate regenerated the a-oxime. 

When a-w-nitrobenzaldoxime (2 g.) was dissolved in sulphuric 
acid (10 g.), and the solution neutralised at once, a product, m, p. 
107°, was obtained which was almost pure a-oxime. If the solution 
was kept for 24 hours before being neutralised, the recovered oxime 
melted at 75°, indicating that about 50% conversion had occurred; 
whilst if the solution was heated on the water-bath for 30 minutes 
and then neutralised, a fairly pure (3-oxime was obtained which 
gave a good yield of pure (3-m-nitrobenzaldoxime after one crystallis¬ 
ation from benzene. 

a-m-Nitrobenzaldoxime (5 g.) was dissolved in sulphuric acid 
(15 g.) and heated for 7 hours on the water-bath. On neutralisation 
of the clear brown solution an oil separated which soon solidified. 
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The whole was extracted once with ether, the undissolved solid was 
collected and dissolved in hot chloroform, and the aqueous layer 
also was extracted with chloroform. The ethereal solution was 
extracted twice with 2Y-s odium hydroxide, and then with a solution 
of hydroxylamine hydrochloride in excess of 2iY-sodium hydroxide 
to remove aldehyde as the sodium salt of the oxime; the aqueous 
layer in the latter case w T as but faintly coloured, indicating that little 
aldehyde w r as present. The ether on evaporation yielded 0*8 g. of 
somewhat impure m-mtrobenzamide, one crystallisation from water 
giving the pure product. The sodium hydroxide extracts were 
saturated with carbon dioxide and the precipitated oxime was, 
extracted with ether, 2*1 g. of a mixture of a- and P-oximes being 
obtained (the time of manipulation would account for some con¬ 
version of p- into a-oxime); crystallisation from water, containing a 
little hydrochloric acid to convert the p- into the a-oxime, yielded 
pure a-m-nitrobenzaldoxime. The combined chloroform solutions 
were extracted with 2J\ r -s odium hydroxide and the faintly coloured 
alkaline solution was added to those obtained from the ethereal 
extract. The chloroform on evaporation gave 0*5 g. of m-nitro- 
benzamide. 

w-Nitrobenzonitrile (2 g.) was heated with sulphuric acid (6 g.) 
for 7 hours; some charring occurred due probably to the presence of 
a little of the o-nitro-compound. On neutralisation a dark solid 
was precipitated which, after crystallisation from water (animal 
charcoal), gave more than 1 g. of pure w-nitrobenzamide. 

m-Nitrobenzamide often crystallises with water of crystallisation 
and must be kept in a desiccator for 12 hours before its melting 
point is taken. A specimen, crystallised from hot water with rapid 
cooling and dried rapidly by pressing on several porous tiles, col¬ 
lapsed in a melting-point tube when this was put into a bath at 
103°, but it did not melt until 141°. On being kept in a desiccator, 
it lost 124% of its weight (calc, for 1H 2 0, 9*8%); the high result is 
due to the difficulty of freeing the compound from extraneous 
moisture. 

The following sulphates were prepared by analogous methods, and 
the products of their decomposition investigated as before. The 
results are described in the introduction. The compounds consist, 
unless otherwise stated, of white macrocrystalline powders, a-o- 
Meiho^beimdd^ (1 g, of oxime; 4 g. of acid), m. p. 

143° (Found; HgSO^ 38*3. CgHgOgNjE^SC^ requires H 2 S0 4 , 
39*3%). a-o -CUorobenmldmime sulphate (1 g, of oxime; 1 g. of 
acid) (Found; HgS0 4 , 36*9- C 7 H g ON01,H 2 SO 4 requires H^O*, 
38-6%). aS-Bromo-Z : ^imthoxybenz(Moxime sulphate (1 g. of 
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oxime; 2 g. of acid), a canary-yellow, granular solid, m. p. 105° 
(Found : H 2 S0 4 ,27*7. C ? H 10 O 3 NBr,H 2 SO 4 requires H 2 S0 4 ,27*3%). 
x-6-Nitro-S : 4-7mthyle?iedioxybenzaldoxime sulphate (1 g. of oxime; 

1 g. of acid), a brown powder, m. p. 110—135°, readily dissociating 
into oxime and acid in the presence of ether or on exposure to 
moist air (Found : H 2 S0 4 , 31*1. C 8 H 6 0 5 N 2 ,H 2 S0 4 requires H 2 SQ 4 , 
31*8%). p-Nitrobenzaldoxime sulphate , a light fawn, granular 
solid too deliquescent for a melting point to be obtained (Found : 
H 3 S0 4j 38*6. C 7 H 6 0 3 N 2 ,H 2 S0 4 requires H 2 S0 4 , 37*1%). This 
compound dissociates very easily and is difficult to obtain; it was 
prepared by adding the oxime (1*5 g.) to sulphuric acid (1 g.) until 
the mixture began to crystallise; the pasty mass was stirred into 
ether, rapidly collected, and washed once only with dry ether. No 
solid sulphate could be obtained from o-nitrobenzaldoxime, only a very 
small amount of oil being precipitated from the sulphuric acid solu¬ 
tion by ether. a-3:4 -Methylenedioxybenzaldoxime sulphate (Found: 
H 2 S0 4 ,37*6. C 8 H 7 0 3 N,H 2 S0 4 requires H 2 S0 4 , 37*2%) w r as obtained 
by stirring the oxime (2*5 g.) into acid (2 g.) warmed to 60°, cooling, 
collecting the solid which separated, and washing it with dry ether. 
u-p-Methoxybenzaldoxime sulphate (2 g. of oxime; 10 g. of acid), 
m. p. 79—80° (Found : H 2 S0 4 , 38*9. G 8 H 9 0 2 N,H 2 S0 4 requires 
B^SO^ 39*3%). 

The Ralph Forster Laboratories op Organic Chemistry, 

University College, London. [ Received, September 14 th, 1927.] 

CCCXCII.— Properties of Conjugated Compounds . 

Part III . The Bearing of Hexatriene Chemistry 
on the Reactive Form of Conjugated Hydrocarbons . 

By Ernest Harold Farmer, Banarsi Das Laroia, Theodoke 
Maclean Swxtz, and Jocelyn Field Thorpe. 

The chemistry of hexatriene is of fundamental importance from 
two standpoints. First, although a simple conjugated hydro¬ 
carbon, its additive behaviour is at variance, according to van 
Romburgh’s observation, with the requirements of the Thiele 
hypothesis, and secondly its structure allows the anticipation of 
two geometrical isomerides, one of which, approaching so closely 
the Kekule representation of benzene, has been a subject of specul¬ 
ation in respect of a possible valency connexion between the 
terminal carbon atoms. C'. : H 

With van Romburgh’s hexatriene the evidence for 3 :4-add|^|^ 
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is, apparently, convincing. The formation of the hydrocarbon from 
Griner’s s-divinylglycol (I) (the reduction product of acraldehyde, 
Ann. GMm . Phys ., 1892, 26, 368) through the 3 : 4-dibromide (II) 

CH(0H)-CH:CH 2 9HBrCH:CH 2 QH'CHICHPh 

CH(OH)*CH:CH 0 CHBrCHm CH-CHICHPh 

(I.) “ (n.) (In.) 

would appear quite normal; further the crystalline product obtained 
by adding bromine to the hydrocarbon, since it is identical with the 
parent dibromide (II), would be naturally regarded as a 3: 4-di¬ 
bromide. At the outset of this investigation this series of reactions 
appeared to offer an attractive method for testing the generality of 
the 3:4-additive mode in the hexatriene series. Thus it was 
found with a 1 :6-diphenylhexatriene (III) synthesised from 
cinnamaldehyde through stages analogous to (I) and (II), that out 
of the very numerous geometrical, stereo-, and position isomerides 
theoretically possible the additive dibromide actually obtained was 
identical with the parent dibromide; with 1 : 6-dimethy3hexatriene 
and 2 : 5-dimethyl-l : 6-diethylhexatriene, which were also syn¬ 
thesised, polymerisation took place too rapidly to allow of satisfactory 
bromination. 

Derivation of Hexatriene Bromides. 

Re-examination of the s-divinylglycol from acraldehyde showed 
that, contrary to Griner’s opinion, it was a mixture of meso and 
racemic forms : on reduction, it yielded two forms of s-diethyl- 
glycol, each oxidisable to propionic acid. On replacement of 
hydroxyl by bromine with phosphorus tribromide under Griner’s 
conditions—conditions under which much hydrogen bromide was 
liberated—the product, so far from being homogeneous, consisted of 
solid and liquid bromides boiling over a considerable range. Ex¬ 
cluding the highest-boiling fraction consisting of a tribromohexene 
(the formation of which was reduced to a minimum by modifying 
Griner’s method), the material consisted of a liquid and a solid, 
designated for convenience (A) and (B). Of these, the solid (B) 
was the compound utilised by van Romburgh for generating hexa¬ 
triene, whilst (A), an impure liquid dibromide, undoubtedly suffered 
Sp^gressive conversion into the isomeride (B), the active agent in 
the conversion being in all probability the hydrogen bromide 
liberated during distillation. Although in purifying this unstable 
’ : substance.;. repeated' fraptidnatibh' 'involving considerable loss of 
material was necessary, large quantities of it were prepared. On 
treatment with zinc it yielded a new hydrocarbon closely approach- 
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ing van Romburgh’s compound in physical properties and super¬ 
ficially indistinguishable therefrom. Whereas the new hydrocarbon 
yielded an oily dibromide (0) (by far the most stable of the liquid 
dibromohexadienes encountered) and on further bromination an 
oily tetrabromide, the dibromide and tetrabromides (two) from 
van Romburgh’s hydrocarbon were all crystalline. 

To this second hydrocarbon, differing entirely in its additive 
bromides from dihydrobenzene, must be attributed the hexatriene 
structure, the only feasible relationship with the known hexatriene 
being one of cis4rans isomerism as in (IV) and (V). 

(IV) ch 2 :ch-ch h[]*ch:ch 2 (V) 

hc>ch:ch 2 hc*ch:ch 2 

The different chemical behaviour of these substances was dis¬ 
covered at a very early stage, but trustworthy evidence as to which 
was the trans- and which the ds-form was difficult to secure. A 
series of oxidations undertaken in the hope of retaining the y8-carbon 
atoms in recognisable products such as maleic or tartaric acid proved 
fruitless. Attention was therefore centred on the dibromides (A), 
(B), and (C), structural discrimination between which represented 
the only apparent approach towards the elucidation of hexatriene 
chemistry. Of hexatriene dibromides which demand consideration, 
there are, excluding improbable 1 : 3-, 2 : 4-, and 2 : 5-forms, seven 
structures (geometrical, stereo-, and position isomerides) theoretic¬ 
ally derivable from tfrans-hexatriene and an additional one from 
cis-hexatriene. Here again in the assignation of formulae, direct 
oxidation methods had to be abandoned; some thirty oxidations of 
the various dibromides with different reagents were carried out and, 
except in one important particular mentioned later, yielded little 
useful information. 

Structural Relationship of Hexatriene Dibromides. 

Griner had observed that the solid dibromide (B) gave a diethoxy- 
hexadiene with alcoholic potash. This conversion was found to be 
almost quantitative when sodium ethoxide was used, and the 
homogeneous product had the advantage, unusual in this series, 
of considerable stability. On catalytic hydrogenation it yielded 
diethoxyhexane, which was successively convertible by usual 
processes into di-iodohexane, dicyanohexane, and a dibasic acid. 
The last proved to be suberic acid, indicating that the substituents | 
at each stage occupied the 1:6-positions. Evidence as to ; the| 
position of the double bonds in diethoxyhexadiene was obtainkt/ j 
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ozonisation: the ozonide yielded with water y-ethoxycroton- 
aldehyde, ethoxyaoetaldehyde, and the corresponding acids. 

BtO-OIL-CHrCH-CHICH-CHj-OEt —^ 

EtO-CHo-CHiCH-CHO + EtOCH 2 -CHO 

i * 

EtO-CH a -CH:CH-C0 2 H EtOCH 2 -C0 2 H 


The constitution of the parent dibromide follows from that of 
its diethoxy-derivative. It is true that change of substituent 
position during the transformation with sodium ethoxide is not 
entirely out of the question, but this possibility is discounted by 
several considerations. Not only was there no positive indication 
of such change, but degradation of the ozonide of the dibromide 
repeatedly failed to yield any recognisable trace of formaldehyde 
or of formic acid; the high boiling point of the dibromide compared 
with those of its isomerides was also in keeping with the I : 6-con- 
stitution. Thus a 3 : 4-glycol yields a 1 :6-dibromide and the 
hydrocarbon derived from the latter adds bromine terminally. 

Evidence bearing on the change from 3 : 4-glycol to 1 : 6-dibromide 
was furnished by the parent dibromide of the new hexatriene. This 
lost hydrogen bromide with such facility that the corresponding 
diacetate, diethoxy-compound, and glycol were unobtainable from 
it: it yielded a hydrocarbon, C 6 H 6 , of strong acetylenic odour and 
a bromohexatriene—a mode of reaction pointing to the constitu¬ 
tion (VI). 


CH 2 :CH-CHBr-CHBr-CH:CH 2 

(VI.) 



XaOH 


fCH 2 :CH-CH:CBr-CH:CH 2 

\ch 2 :ch-C:C*ch:ch 2 


This constitution is, moreover, the only one which permits 
of debromination without necessitating general valency rearrange¬ 
ment. As such rearrangement would lead in all probability to a 
tram- form, the new hydrocarbon, which has the slightly lower 
boiling point, is regarded as a c^s-form. 

Whether or no the 3 : 4-dibromide (A) consists essentially of one 
stereoisomeric form is uncertain. The preferential disappearance 

Y ^ CH 2 :CH-gH-CHBr-CH:CH 2 —> CH 2 :CH-gH-CH:CH-CH 2 Br 
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indications that to some extent the change proceeds as in scheme ( a ). 
Of the alternative scheme (6), which involves complete bromination 
before isomerisation, it may be said that efforts directed towards 
detecting the presence of the intermediate 1; 4-dibromide gave no 
positive result. The yield of hydrocarbon repeatedly obtained 
from (A) (30%) was consistent with the presence of a proportion of 
less readily debrominated dibromide but was equal to that of van 
Romburgh’s hydrocarbon from the homogeneous form (B). 

Migration of Bromine. 

The formation of the 1: 6-dibromide from the 3 :4-glycol has 
every appearance of involving the migration of bromine. If of 
common occurrence, the existence of such a facility is a consideration 
of the utmost importance in arriving at a generalised representation 
of the reactive form of conjugated hydrocarbons. The phenomenon 
is already known in the saturated hydrocarbon series (Lucas and 
Jameson, J. Amer. Chem . Soc., 1924, 46, 2476) and there is accumu¬ 
lating a considerable body of evidence that bromine migration in 
unsaturated hydrocarbons happens frequently; further, the general 
tendency of such halogen movement appears to be towards the 
assumption of terminal position with respect to a previously con¬ 
jugated unit. Illuminating instances are those of hydrogen bromide 
addition to isoprene and gy-dimethylbutadiene (Claisen, J. pr. 
Chem., 1922,105, 68; Bergmann, J. Mm. Phys . Chem. Soc., 1920, 
52, 37). In both cases, the first-formed tertiary bromide arising by 
1:2-addition isomerises to a primary bromide, apparently the 
result of terminal addition; both changes are unexplainable by 
hydrogen migration. The question as to the primary or secondary 
nature of an additive product is vital, and if facile change from a 
primary to a secondary product is prevalent where bromine is the 
addendum, it is also to be suspected, speaking of hydrocarbons, 
where hydrogen is the addendum ; in the latter case, however, 
proof is exceedingly difficult for obvious reasons. 

The number of well-authenticated instances of 1:4-addition to 
hydrocarbons is very small. The production of a 1 :4-dibromide 
from isoprene has recently been established (Bergmann, loc. cit. 9 
p. 24; Staudinger, Selv. Chim. Acta , 1922, 5, 756); the formation 
of a considerable proportion of the 1:2-dibromide of butadiene 
along with the 1:4-product is recorded by Straus as a private 
communicationfrom Thiele {Ber., 1909, 42,2872), and the formation 
of a 1:4-dibromide of c?/cfopentadiene is recorded by Thiele 
(Annalen, 1900, 314, 296). The behaviour of butadiene, isoprene, 
and ca/cfopentadiene is at present being further examined, but,4|| 
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may occur, it is not the rule. He went beyond this in stating that 
no case was then known, at least among open-chain compounds* 
where 1:4-addition took place exclusively. Straus’s further 
reflexion concerning the gloomy prospect afforded by the necessity 
of exhaustively determining the constitution of each single additive 
product before judging the position of entering halogen atoms sug¬ 
gests either a specific additive mode for each substance, or rather 
(since the reactive form of the addendum, molecular or atomic, is 
regarded as a possible contributing feature) that the joint relation of 
unsaturated hydrocarbon and addendum is specific. Leaving out 
of consideration the reactive form of the addendum, the formation 
of two or more additive dibromides for any conjugated hydrocarbon 
may be viewed in two ways : either the latter has two or more 
distinct tendencies towards reaction* possibly expressible by an 
equilibrium between reactive forms (compare Chandrasena and 
Ingold, J., 1922,121, 1312), or one or more of the products arise by 
secondary process—in the latter case the isomeric change is in no 
wise dependent on the reactive form of the parent hydrocarbon. 
For an equilibrium between the reactive forms of hydrocarbons 
there is no direct experimental evidence (compare Farmer and 
Healey, this vol., p. 1060). 

Yet van Romburgh’s hexatriene adds bromine terminally. 
Obviously, if the foregoing considerations hold good, the 1: 6- 
product may be no less a secondary product than the same com¬ 
pound is when formed from a 3 :4-glycol. Since free hydrogen 
bromide and possibly free bromine are promoters of migratory 
changes, the use of a brominating agent other than commercial 
bromine is indicated in striving to isolate the primary additive 
bromide. Gupta and Thorpe (J., 1922,121,1896) have investigated 
the employment of dibromodimethyldihydroresorcinol as a source 
of bromine in substitution reactions, and Rosenmund and Kuhnhenn 
(Her,, 1923, 56, 1262) have used the hydrobromide of quinoline 
dibromide with success in both substitution and additive reactions. 
When the quinoline derivative is employed with van Romburgh’s 
hexatriene* instead of complete transformation into the solid 
dibromide, the latter (B) is replaced to a large extent (usually 
about 65%) by a new liquid dibromide (D), which is comparatively 
stable at room temperature but is converted (with slight decom¬ 
position and evolution of a little hydrogen bromide) into the 


|K-CHBr*CH 2 Br 


0H 2 :CH’$H 


HOCH:CHBr 


(VIII.) 


1 inform (B) on distillation. The only reasonable formula for this 
substance (D) is (VII), a constitution borne out by its behaviour 
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with alcoholic alkali. With this reagent, as anticipated, (D) did 
not yield an acetylenic hydrocarbon, nor did it yield a diethoxy- 
derivative—a circumstance rendering a cis-cis- or cis-trans -1 : 6-con¬ 
figuration highly improbable—but conversion into a bromohexa- 
triene readily took place. The further characterisation of the 
dibromide (VII) and its derivative (probably VIII) was not possible 
with the material at disposal. 

Turning to cis-hexatriene, residual valency or electronic formula 
such as (IX) and (X) automatically disappear with the denial of an 
activated form in which the three unsaturated centres of the chain 
are fused. 


(IX.) 


CH 

rx 

CH CH 2 
CH CH, 


H 


(X.) 


N CH .. 

CH CH 2 
CH CH 2 
CH 


h^j ch:ch 2 (XL) 

HC—CHBr-CH 2 Br 


But whether the reactive form of the hydrocarbon is an open- 
chain or pseudo-cyclic structure, the formation of a 1 : 6-dibromide 
would be expected to result in the appearance of the solid (B), 
since the necessary valency adjustment consequent on addition 
should lead to the assumption of the trans4rans-configxu:&tion no 
less than in the case of addition to 2ra?w-hexatriene. Both hexa- 
trienes being regarded as open-chain forms, then of those additive 
modes which would tend to destroy differentiation between the 
respective additive products there are 1: 6 (compelling valency re¬ 
organisation), 3 : 4 (removing the double bond which is the seat of 
geometrical isomerism) and 1: 4 (compelling valency reorganisation). 
Neglecting 1 : 3-, 3 : 5-, etc., forms, there is left only the 1 : 2-form, 
so that the only distinction between the 1:2- dibromides from the 
two hydrocarbons should be one of spatial distribution as in (VII) 
and (XI). 

It was found by experiment that the dibromide (C) from the new 
hexatriene behaved in quite different fashion from the known 
1 : 6- and 3 : 4-forms, It was not convertible into an acetylenic 
hydrocarbon or a diethoxy-derivative, but, like the labile product 
(D) from van Romburgh’s hexatriene, readily yielded with alkali a 
bromohexatriene. The great difference between the forms (0) and 
(D) is the tendency towards bromine migration in the latter con¬ 
trasting with the high degree of staV^u of the former. TMs-.| 
difference is quite compatible with the**- v J r different steric 
ditions in the two compounds and it is m g §y that the dibromi^M 
(0) obtained by using commercial appeared 
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respect identical with that obtained by using quinoline dibromide 
hydrobromide. 

$-Divinylglycol 

I^Br, 


CH,:CH*OHBr«CHBr'CH:OH, 

“ <A) 

tin 


Heat 


NaOH 


4 ' 

OHoBrCH :CH*CH I GH*CH s Bi' 
(B) 

Zn 


ch 2 : ch*ch : oh*oh: CH a 

cis 


Br* or 


0 # H 7 NBr 2 ,HBr 


ch 2 :ch>c :G‘CH;cH a ch 3 :oH‘Oh:oH‘Ch:oh, 

trans 

CjH 7 iTBr 2 ,HBr | or Br, 
i i 

Heat 


OH,:CH*CH:OH*OHBr'OH 8 Br- > CH 5 Br*CH:GB>OH:CH*OH a Br 

CH*IOH*CH:CH*OB:Br*OH s Br (D) trans 
(jj)cis I 

ale. NaOH 

ETaOH 


ale. 


XaOH 


cis-a (or 0)- 
bromohexatriene 


ale. 

t 

trans -a (or 0)- 
bromohexatriene 


EtO*CH a -CH:CH-OH:OH»OH 3 -OBt 


The halogen atoms of certain of the additive dibromides of this 
series possess marked lability : e.g., the dibromide of 1 : 6-diphenyl- 
hexatriene reverts to the hydrocarbon on treatment with diethyl- 
amine or pyridine, whilst the dibromides (A) and (B) readily liberate 
iodine from potassium iodide acidified with acetic acid. This 
lability, which has not as yet been extensively examined, varies 
considerably with the nature, and possibly the spatial distribution, 
of the groups B>, R/ in the complex B*CHBr*B/. For instance, 
whilst diphenylhexatriene dibromide loses its bromine with pyridine 
as noted above, the solid hexatriene dibromide (B) yields a stable 
pyridinium salt of type PyBr-CH 2 *CHICH*CHICB[*CH 2 -PyBr and 
analogous compounds with diethylamine and aniline. Evidence on 
the subject of bromine migration is furnished by Prevost in two papers 
which escaped the authors’ notice until a late stage in the investig¬ 
ation* It is shown (Compt. rend,, 1926, 183 , 1292) that erythrol, 
CH 2 :CH*CH(0H)-C%0H, when treated with phosphorus tri¬ 
bromide in pyridine solution, yields not the expected 1 : 2-dibromo- 
A 3 -butene, but 1:4-dibromo-A 2 -butene, GH a Br*CH;OH‘OH a Br. 
Thus the transformation already known to take; place when the 
hydroxyl groups of substituted vinylcarbinols are replaced by 
bromine, B-CH(OH)-CH:CH 2 2?^ R-CH:CH-CH 2 Br, is repeated 
with vinylglycol (erythrol). Consequently the suspicion arose that 
^-divinylglycol might behave similarly, and this author enumerates 
(Compt, rend,, 1927, 184 , 458) certain observations of Griner 
(he, cii .) that areXincop^stent with a 3 :4-constitution for solid 
hexatriene dibromiefe. support of this view, he succeeded in 
obtaining from the latter iycol and the corresponding diacetate 
which differed in properties iXm a-divinylglycol and its diacetate ; 
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moreover, the molecular exaltations of these two derivatives are 
consistent with the constitutions HO*CH 2 *CH:CH-CH:CH-CHo*OH 
and AcO*CH 2 ^CH:CH-CH:CH*CH 2 -OAc respectively. 

The chemistry of hexatriene is intelligible on the basis of bromine 
migration in a non-conjugated system, but although it is clear that 
a terminal additive product is by no means the necessary outcome 
of primary additive reaction, and although it may be demonstrable 
that a terminal product may arise merely by isomerisation of a 
different additive form, there is as yet no certainty that it may not 
also arise as a primary product of addition. Thus whilst there can 
be no other conclusion than that the attempts which have been 
made from time to time (compare Allsop and Kenner, J., 1923, 
123, 2296) to retain the Thiele hypothesis by restricting its scope 
to conjugated hydrocarbons cannot stand when bromine and 
hydrogen bromide are the addenda considered, it is possible that 
the modern extension of the Thiele hypothesis which allows of two 
or more types of polarisation, one or more of which may come into 
play as determined by the nature and reactive condition of the 
addendum, may cover the experimental observations. At the same 
time, the extent to which addition to an unsaturated compound 
may be considered as determined by unsaturated compound 
and addendum separately is by no means clear. In this respect 
polymerisation processes are of great interest. If butadienoid 
compounds in general polymerise in the manner suggested by 
Lebedef (J. Russ. Phys. Chem . Soc., 1913, 45, 1249) it would seem 
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that the forms -6h:CH-CH:< 3H and CH:CH-(3 h:<3H (or their elec¬ 
tronic equivalents) may co-exist and that additive mode is deter-* 
mined by the reactive state of each particular addendum. The 
usual co-existence of such forms would account for the difference 
between the recorded tendencies towards polymerisation of open* 
chain butadienes and cycZopentadiene, the latter yielding under 
the exigencies of spatial configuration a dimeride (XII) (Stau- 
dinger, Helv. Chim. Acta , 1924, 7, 23) rather than (XIII). 
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Nevertheless the appearance of ready isomerisation among the 
products of addition to conjugated hydrocarbons is a factor demand¬ 
ing consideration in estimating the significance of current reaction 
formulae. It is hoped shortly to submit further evidence on the 
subject of primary additive products. 

Experimental. 
s -Divinylglycol. 

Reduction .—The glycol (prepared in large quantities from the 
pure stabilised acraldehyde of Messrs. Poulenc Fr6res by the method 
of Griner, loc. cit.) was reduced at atmospheric pressure and room 
temperature with palladium and hydrogen. Absorption was rapid 
and somewhat exceeded the requirements of simple hydrogenation 
—a fact explained by the formation of some quantity of a volatile 
alcohol, presumably ethylpropylcarbinol. On working up the 
product in the usual way, a liquid was obtained; one portion of this 
(b. p. 87—89°/15 mm.) remained almost completely liquid at 
—20°, whilst the remainder (b. p. 89—91°/15 mm.) solidified in the 
receiver of the apparatus. The former, after being freed as far as 
possible from the latter and redistilled, was obtained as a colourless, 
mobile oil, b. p. 87—88°/15 mm. (Found: 0, 60*6; H, 11*8. 
C 6 H 14 0 2 requires C, 61*0; H, 11*9%). The latter crystallised from 
light petroleum in white plates, m. p. 88° (Found : C, 60*5; H, 
11*8%). Both substances gave good yields of propionic acid 
(identified as the anilide, m. p. 105°) when carefully oxidised with 
dilute potassium permanganate. They must therefore be stereo- 
isomeric forms of s -diethyldhylene glycol . 

Bromination .—Numerous methods of halogenation were tested. 

reagent was phosphorus tribromide. Griner’s 
^lito^ure (he. cit., p. 380) was followed, but it was found advan- 
to employ a mechanical stirrer and extract the product 
i '(after.pouring on ice) with ether. The well-washed extract was 
|||tried and the main bulk of solvent removed on a steam-bath. The 
l^feahiing ether was removed at reduced pressure, and the residual 
diluted with light petroleum and cooled in a freezing mixture. 
The crystals, of dibromide (B) (m. p. 85°) which separated were 
removed and the procedure of cooling and filtering twice was 
repeated. The ultimate filtrate was freed from solvent as above, 

f ie residual oil fractionated. To avoid gross decomposition, 
necessary to distil the crude liquid, first, at I mm* pressure; 
uently three fractions were collected, (a) a small portion 
below 80 o /Il mm., (b) b. p. 80—115711 mm., (c) b. p. 
407H mm. The portion (6), on redistillation, passed over 
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almost entirely at 80—95°/10 mm.; this material corresponded in 
composition approximately with hexatriene dibromide, but con¬ 
tained a material which caused considerable carbonisation on 
standing for a few hours. To obtain some idea of the correct boiling 
point of the pure dibromide, the sub-fractions indicated were 
analysed (C 6 H 8 Br 2 requires C, 30*0; H, 3*4; Br, 66-6%). 


Percentage composition. 


B. p. 

O. 

H. 

Br. 

80—87°/I0 mm. 

32-2 

4*4 

63*4 

88— 92°/ll mm. 

31-0 

4*1 

— ■ 

90—95°/10 mm. 

31*1 

3-9 

65-0 

90— 96711 mm. 

30*0 

4-0 

64*7 


Finally, a considerable quantity of a pale yellow oil (A), b. p. 
94^-96°/ll mm., was obtained, which was used in subsequent 
operations (Found : C, 30*0; H, 3*6; Br, 66*6%). This substance 
could not be kept for many days at room temperature owing to 
the rapidity of carbonisation. 

The higher-boiling material, after separation by the above- 
described method of a quantity of solid dibromide which com¬ 
menced to crystallise on cooling, consisted mainly of a yellow oil, 
b. p. 135—140°/11 mm. This was evidently a tribromohexene 
(Found: Br, 73*1. C 6 H 9 Br 3 requires Br, 74*8%). It was sub¬ 
sequently found that the proportion of this substance was greatly 
reduced when bromination was effected by gradually pouring a 
chloroform solution of the glycol into a chloroform, solution of 
phosphorus tribromide. With this procedure, however, it was 
particularly necessary to avoid undue heating of the crude mixture 
of bromides whilst removing the solvent. 

Dibromide (A) and its Derivatives . 

yB-Dibromo-k ai! ‘hexadiene .—All attempts to demonstrate the 
constitution of the dibromide (A) by direct oxidation failed. The 
assigned formula rests upon the properties of the substance in 
relation to those of the three isomeric dibromides. 

(a) Isomeric Change .—It was repeatedly observed during dis¬ 
tillation of this liquid that a portion of the material suffered change 
of boiling point. This was not very marked at pressures of 1—4 mm., 
degradation (accompanied by liberation of hydrogen bromide) then 
being slight, but was much more marked at pressures of 10—22 m, 
degradation being appreciable. From the higher-boiling portions so ; 
produced, crystals of the solid dibromide invariably separated. The.! 
loss of material sustained in this way was considerable 
conjunction with the initial low yield of crude bromi<fee^f9^^ ^ 
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the accumulation of adequate quantities of reasonably pure liquid 
dibromide very laborious. 

(b) Ease of Hydrogen Bromide Removal .—Numerous attempts 

were made to prepare the glycol and the diacetate of the glycol 
corresponding to this dibromide. La every case, owing to the loss 
of hydrogen bromide, the product was a mixture of substances of 
very different boiling point from which no pure substance could be 
fractionated. With alcoholic sodium ethoxide, loss of hydrogen 
bromide was still more complete : a yS-diethoxyhexadiene was 
therefore unobtainable. * 

For rapid removal of hydrogen bromide alcoholic sodium hydroxide 
was found to be the best reagent. Sodium (1J atoms) was dis¬ 
solved in aqueous alcohol, and the cold solution added gradually, 
with shaking, to an alcoholic solution of the dibromide (1 mol.). 
The separation of sodium bromide was completed by heating the 
mixture for a few minutes on a steam-bath, after which the product 
was cooled and poured into water. An oil was precipitated : this 
was well washed with water, dried with calcium chloride, and frac¬ 
tionated. Two fractions were collected, (a) b. p. 80—95° and 
(6) b. p. 50—60°/22 mm. Redistillation of the former yielded a 
colourless, mobile hydrocarbon of penetrating, acetylenic odour. 
The ease with which this substance, doubtless A a *-hexadien~y-in, 
polymerised rendered purification and analysis very difficult, and a 
detailed study of its properties impossible (Found : C, 91*1; H, 7*2. 
C 6 H 6 requires C, 92*3; H, 7*7%). The fraction ( b) yielded a faintly 
yellow liquid, b. p. 52—55°/20 mm., which could not be completely 
freed from the polymeric products of the hydrocarbon. This 
substance, which polymerised completely in 24 hours, resembled, 
inits very characteristic odour, the bromohexatrienes later described* 
There can be little doubt that it was y-bromohexatriene (Found: 
Br, 49*3. C 6 H 7 Br requires Br, 50*3%). 

(c) Bromine Addition .—The dibromide, dissolved in chloroform, 
absorbed bromine readily at first, but later absorption was slow. 
After removal of the solvent at reduced pressure and distillation, 
the tetrabromide (presumably afiy$4etrabromo-A € -hexene) was 
obtained as a yellow oil (b. p. 155—158°/11 mm.) which remained 
liquid at — 25° (Found ; Br, 79*7. C 6 H 8 Br 4 requires Br, 80*0%). 

cis-Hexatriene. —To 3 : 4-dibromohexadiene, dissolved in 5 times 
its bulk of 98% alcohol, excess of zinc dust was added in small 
amounts* the reaction mixture being finally heated for 20 minutes 
on a steam-bath. The zinc residue was filtered off and the filtrate 
poured into several times its bulk of water. The oily layer was 
separated and washed ten times with small quantities of water. 
Subsequent drying over calcium chloride and distillation yielded a 
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colourless liquid (b. p. 75—83°) and a considerable quantity of high- 
boiling material. On redistillation the former boiled at 78*5°/ 
760 mm. Yield 30%. This hydrocarbon resembled van Rom- 
burgh’s hexatriene in odour and in proneness to polymerisation; the 
latter property in conjunction with high volatility rendered 
analysis difficult. The density and molecular exaltation 
0*7175; nf* 1*4577; [J2jJ d 30*41) are lower than the latest values 
recorded by van Romburgh for the isomeric hydrocarbon (Pound : 

C, 88*5; H, 11*6. C 6 H 8 requires C, 90*0; H, 10*0%). It is 
probable that the new hydrocarbon contained van Romburgh’s 
hexatriene to the extent of 2—2J%. 

Dibromide (C) and its Derivatives* 

cis-Kfi-Dibrorno-Av'-hexadiene .—Bromine (2 atoms) was added to 
a chloroform solution of as-hexatriene kept below 0°. Addition 
was very rapid. The product, after removal of the solvent at 
reduced pressure, was a colourless oil (all the other dibromides were 
yellow in liquid form), b. p. 90—96°/ll mm. (Pound : Br, 66*5. 
C 6 H 8 Br 2 requires Br, 66*6%). There was a very small residue of 
the solid dibromide (B), representing about 1|—2J% of the hexa¬ 
triene employed. 

A colourless, stable dibromide quite indistinguishable from the 
above was obtained by employing quinoline dibromide hydrobromide 
in place of free bromine (method of Rosenmund and Kuhnhenn, 
loc* eit.). The acetic acid solution of the product was poured into 
ice-water, and the oily dibromide extracted with ether. It was 
necessary to remove the usual small amount of solid dibromide 
(B) before distillation. 

The corresponding tetrabromide (tetrabromohexene) was obtained 
by employing 4 atoms of bromine instead of 2 atoms. It consisted 
of a large proportion of a yellow oil, b. p. 155—158°/11 mm, 
(Found : Br, 79*8. C 6 H 8 Br 4 requires Br, 80*0%), and a very small 
proportion of a solid which crystallised from petroleum in colourless 
needles, m. p. 91° (Found: C, 18*1; H, 2*7; Br, 79*6. C 6 H 8 Br 4 
requires C, 18*0; H, 2*0; Br, 80*0%), 

cis-a(or $)-Bromohexatriene .—The dibromide (C) (1 mol.) was 
dissolved in a little alcohol and to it an alcoholic solution of sodium 
ethoxide (2 mols.) was added drop by drop with shaking. The 
reaction was completed by heating the mixture for •£ hour on a 
steam-bath. On cooling and pouring the mixture into water an 
oil was precipitated. This was extracted with ether and dried, and | 
the solvent removed under a column. The residue, which. 
tained no volatile hydrocarbon, was distilled. An almost colOtls^^^ 
liquid possessing the characteristic bromohexatrienC. odo^r' 
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over at 45—65°/20 mm., leaving much material, apparently the 
product of extensive polymerisation. On redistillation, the bulk of 
the distillate boiled at 52—55°/20 mm. (Found : Br, 48*5. C 6 H 7 Br 
requires Br, 50*3%). This substance polymerised extensively in 
24 hours. 

Dibromide (B) and its Derivatives . 

oLt~Dibromo-&&-hexadiene. —Numerous attempts were made to 
demonstrate the constitution of Griner’s solid dibromide (m. p. 
85°) directly. As these had little success, the constitution of its 
diethoxy-derivative (below) was fully examined, the possibility 
of isomerisation during conversion being discounted by many 
observations. 

The two forms of the corresponding tetrabromide (possibly 
a$s£4etrabromo-Av-hexene) are incorrectly described by Griner (toe. 
cit., p. 383). The less soluble isomeride, after successively crystal¬ 
lising from chloroform and light petroleum, yielded colourless prisms, 
m. p. Ill 0 (Found: Br, 80*0. Calc.: Br, 80*0%); the more 
soluble separated from light petroleum in colourless prisms, m. p. 46° 
(Found: Br, 80*3%). These tetrabromides showed very great 
stability towards oxidation by ozone and by permanganate. 

Behaviour with Organic Bases. —When a dry ethereal solution of 
pyridine (2 mols.) was added to a dry solution of the solid dibromide 
(B) a bulky precipitate separated. This substance, which was 
readily soluble in water, appeared to be quite free from pyridine 
hydrobromide. It crystallised from alcohol-ether in colourless 
plates, m. p. 212°, and appeared to be the dipyridinium 
salt, PyBr-CH 2 *CH:CH*CH:CH'CH 2 -PyBr (Found: Br, 41*2. 
C 16 H 18 N 2 Br 2 requires Br, 40*2%). Analogous compounds were 
formed with aniline and diethylamine, but were not further inves¬ 
tigated. Dry distillation of the dipyridinium compound yielded a 
large amount of pyridine dibromide and a minute quantity of a 
liquid with a garlic-like odour. 

ot £-Diace£oa%-&pS-hexadiene. —A mixture of the dibromide (50 g.) 
with glacial acetic acid (50 g.) was added to excess of potassium 
acetate moistened with glacial acetic acid (50 g.}. The whole was 
heated on a steam-bath for 24 hours. The cooled mass was poured 
into water, and the product isolated in the usual way. As it still 
contained bromine, it was heated for a further period with potassium 
acetate and acetic acid. Finally a product almost free from bromine 
was obtained. The bulk of this distilled at 155—160°/14 mm. as a 
odourless oil (Found: C, 60*8; H, 7*0. C 10 H 14 O 4 requires C, 60*6; 

—The solid dibromide (B) was added 
to the requisite quantity of thoroughly cooled alcoholic sodium 



PR0PEET1ES OB CONJUGATED COMPOUNDS. PART 331. 2951 

ethoxide. The product was well shaken and gradually heated till 
ebullition set in. The reaction was completed by heating for | hour 
on a steam-bath. After cooling, the reaction mixture was poured 
into water, and the precipitated oil extracted with ether. The 
diethoxy-compound was obtained in almost quantitative yield as a 
colourless, mobile oil (b. p. 116°/20 mm.) of characteristic odour 
(Found: C, 70*5; H, 10*8. Calc.: C, 70*6; H, 10*6%). This 
corresponds to Griner’s product (regarded as yS-diethoxy-A ac -hexa- 
diene) obtained by the action of alcoholic potash on the same 
dibromide (be. tit., p. 388). 

Reductbn of a£-Diethoxy-A&-hexadiene. —Diethoxyhexadiene 
(10 g.) was reduced with colloidal palladium and hydrogen at room 
temperature and atmospheric pressure. Reduction was rather slow 
at the beginning but became rapid later and was complete in about 
3£ hours. The amount of hydrogen absorbed was about 35% in 
excess of that theoretically required for reducing two double bonds. 
On pouring the reaction mixture into water and working up in the 
usual way the product was found to consist of two substances, (a) a 
colourless liquid of strong odour (b. p. 38—45°/14 mm.), appreciably 
volatile in ether vapour and very volatile in alcohol vapour, and 
(b) a less volatile, colourless liquid (b. p. 80—90°/14 mm.). The 
former (about 5 g.), which was almost certainly u-ethoxyJiexane, 
distilled completely at 42°/14 mm., but was not quite free from the 
second product (Found: C, 72*2; H, 13*0. C 8 H 18 0 requires 
C, 73*8; H, 13*8%); the latter (about 3 g.), which possessed a faint 
odour and distilled at 86°/14 mm., was a^-diethoxyhexane (Found : 
C, 70-2; H, 12*5. C 10 H 22 O 2 requires C, 70*0; H, 12*6%). 

u^Di-iodohexane .—Diethoxyhexane contained in a Carius tube 
was saturated with dry hydrogen iodide, the weight of gas absorbed 
being noted. The tube was sealed and heated at 100° for 16 hours. 
It was then cooled, opened, and re-treated with hydrogen iodide 
until the requisite quantity of this gas (2 mols.) had been absorbed. 
It was again heated for 16 hours. The cooled product consisted of 
a small, colourless layer which seemed to be mainly alcohol (free 
from any considerable amount of ethyl iodide) and a heavy, dark 
brown layer. The latter was dissolved in ether, washed with 
sodium bicarbonate solution and water, and dried with calcium 
chloride. This crude di-iodohexane, which was only slightly 
deficient in iodine, was converted into the corresponding dinitrile 
without further purification. 

a^Dicyanohexane. —The crude di-iodohexane was converted into 
the dinitrile with potassium cyanide as described by Hamcp&t| 
(Compt. rend., 1903,136,244). The dinitrile was isolated bypoup^|| 
the reaction product into water and extraction with 
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dried extract gave a good yield of a pale yellow oil, which differed 
from the di-iodide in its ready solubility in alcohol. 

Suberic acid. When heated with concentrated hydrochloric acid 
for 1 hour, the crude dinitrile was hydrolysed and gave an excellent 
yield of suberic acid, which separated from water in colourless 
needles, m. p. 138°, mixed m. p. 138° [Found: C, 55*2; H, 7*9; 
M (dibasic), 177. Calc.: C, 55 2 ; H, 8*0%; M, 174]. 

Oxidation of ccl-Diethoxy-A^-hexadiene.' —A stream of ozonised 
oxygen was passed for 14 hours through a chloroform solution of 
this substance. The solvent was then removed at reduced pressure. 
The colourless, syrupy ozonide was shaken with 50 c.c. of water, 
and the mixture warmed until complete decomposition took place 
(85°). The yellow aldehydic oil was separated from the aqueous 
layer and dissolved in ether. From the ethereal extract, freed 
from acidic matter by shaking it several times with dilute bicarbon¬ 
ate solution, and dried with calcium chloride, the aldehyde was 
obtained as a mobile, pungent-smelling oil; from the alkaline 
washings a yellow syrupy acid was extracted by ether. This gave 
an aldehydic reaction, but deposited, on long standing in a vacuum 
desiccator, a few crystals (long, colourless prisms, m. p. 45°) of a 
non-aldehydic acid. The combination of melting point, equivalent 
(micro-titration, 135), unsaturated nature, and its ready solubility 
in water and petroleum suggested that the latter acid was y-ethoxy- 
crotonic acid (compare Lespieau, Compt . rend., 1905, 140 , 723). 
This was subsequently confirmed (below). 

The residual syrupy acid was fractionated. The bulk distilled 
at 106—107°/21 mm. as a colourless, mobile liquid. Since the 
basicity of this substance was nearly that of ethoxyacetic acid (the 
degradation product complementary to y-ethoxycrotonaldehyde), 
it was converted into the p-bromophenacyl ester. An excellent 
yield of ^-bromophenacyl ethoxyacetate was obtained therefrom by 
the method of Judefind and Reid (J. Amer. Ghent . Soc. } 1920, 42, 
1047}: this crystallised in colourless plates, m. p. 104*5°, and agreed 
in properties with the product described by these authors (Found : 
C, 48*1; H, 4*4. Calc.: C, 47*8 ; H, 4*3%). 

The aldehydic oil was separated into four fractions by distillation, 
(a) below 75°/21 mm, (b) 75—85°/21 mm., (c) 85—100°/21 mm., 
and (d) a viscous residue which partly distilled on strong heating to 
yield a colourless, mobile oil which polymerised to a jelly on standing 
for several days. Of these fractions, (6) and (c) constituted the 
bulk of material. The former, which distilled almost completely at 
80°/21 mm., did not yield a semicarbazone or phenylhydrazorie but 
corresponded in composition with y-ethoxycrotonaldehyde (Found: 
C, 62*8; H, 8-9. C 6 H 10 O 2 requires C, 63*1; H, 8*8%). This 
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constitution was confirmed by oxidation (below). From fraction 
(a) a small quantity of impure ethoxyacetaldehyde (b. p. 70°) was 
isolated. As this was insufficient for adequate fractionation, it was 
oxidised to ethoxyacetic acid (below*). 

Oxidation of y-Ethoxycrotonaldeliyde and Ethoocyacetaldehyde .— 
These oxidations were conducted in almost exactly the way described 
by Del4pine and Bonnet (Compt. rend., 1909,149, 39). The former 
yielded a solid acid which crystallised from light petroleum in 
colourless prisms, m. p. 45°. This acid was y-ethoxycrotonic acid 
[Found : C, 55-2; H, 7*6; M (monobasic), 133. Calc.: C, 55*4; 
H, 7-7%; M , 130] and was identical with that formed directly 
during the decomposition of the ozonide. 

The oxidation product of ethoxyacetaldehyde*was a liquid. This 
was identified as ethoxyacetic acid by conversion into the p* bromo- 
phenacyl ester described above. 

trans -Hexatriene .—Van Romburgh’s hydrocarbon, regarded as 
tfra?w-hexatriene, was prepared from the dibromide (B) as described 
for the c^s-compound. 

As observed by van Romburgh, when a chloroform solution of 
bromine (1 mol.) was added to a chloroform solution of the hydro¬ 
carbon (1 mol.) at 0°, conversion into the solid dibromide (a£-di- 
bromo-A^ s -hexadiene) was complete. 

Dibromide (D) and its Derivatives. 

tr&m-otfi-DibromO'Ave-Mxadiene .—When quinoline dibromide 

hydxobromide (1 mol.) was gradually added at 0° to a well-agitated 
solution of the Zrans-hydrocarbon in glacial acetic acid, bromination 
was readily effected. The product was poured into ice-water, and 
the oily suspension filtered. After removal of a quantity of the 
solid bromide (B) by filtration the filtrate was extracted with ether. 
The extract was washed until free from acetic acid and dried, and 
the ether was evaporated, finally under reduced pressure. The 
oily residue was dissolved in light petroleum and cooled to —25°; 
the solid dibromide which separated was filtered off and the cooling 
and filtering repeated. After removal of the bulk of the solvent by 
gentle heating and of the remainder under reduced pressure, a 
yellow oil was obtained (yield, 65%) (Found : Br, 65*2. C 6 H 8 Br 2 
requires Br, 66-6%). A small quantity of this distilled tinder 
1—2 mm. pressure without apparent decomposition. When 
cautious distillation of a larger portion at 22 mm. pressure was 
attempted, the distillation of the first few drops (b. p; 107°/2l mm.) 
was concurrent with a rapid darkening in colour and a slight^ 
evolution of hydrogen bromide. Isomeric change had taken j^ggg 
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On cooling, the contents of the flask, which had previously remained 
liquid at — 25°, set to a solid mass of the dibromide (B). The extent 
of conversion of the liquid to the solid dibromide was very high. 

tranjs-a(or $)-Bromohexatriene.— Removal of hydrogen bromide 
from the liquid tfran^-ap-dibromohexadiene (above) was effected 
precisely as with the corresponding m-compound (p. 2949). Much 
polymerisation appeared to have occurred during the reaction, for 
only a portion of the product was distillable. A faintly yellow 
liquid, b. p. 53°/22 mm., was obtained which possessed the charac¬ 
teristic odour of bromohexatriene (Found: Br, 48*2. C 6 H 7 Br 
requires Br, 50*3%). This substance polymerised the most rapidly 
of the three isomerides : within 15 minutes of distillation a scaly 
deposit appeared on the sides of the vessel and within 2 hours the 
change was complete. 

Derivatives of xl-Diphenylhexatriene. 

s-Distyrylethylene Glycol (Hydrocinnamoin). —Reduction of 
cinnamaldehyde was effected by Thiele’s method 1899, 32, 

1296). Separation of the solid glycol from the viscous oil was best 
effected by completely dissolving the latter in hot alcohol and 
cooling the solution in a freezing mixture. The crystals so obtained, 
when washed with a little ether and recrystallised once from alcohol, 
attained at once the correct melting point (153—154°). Yield 
10 - 12 %. 

The residual viscous oil was treated with steam to remove volatile 
matter, cooled, dissolved in ether and dried over sodium sulphate. 
Removal of the solvent left a transparent jelly, which was kept in 
an evacuated desiccator for a week. Portions of the substance were 
examined in the following manner to ascertain whether it contained 
isomeric distyrylglycols or their corresponding hydrocarbons': 
(a) Distillation. About half the material distilled between 110° 
and 200° at 3 mm.; the remainder was undistillable (solid distyryl- 
ethylene glycol distils readily at 2 mm.). The portion, b. p. 130— 
200°/3 mm., deposited colourless plates, m. p. 206°, which dissolved 
in ether and benzene to give fluorescent (bluish) solutions. This 
. hydrocarbon had previously been noted by Thiele (be. cit. ), and his 
view that it may be phenyl-a-naphthylethylene appears to be correct: 
the substance is unimolecular in benzene solution, and of the 
dehydration products (XIV) and (XV) the latter accounts for our 
inability to effect any reduction with hydrogen and colloidal 
palladium (Found: G, 93*9; H, 5*5; if, cryoscopic, 225. Calc. : 
€, 93-9 ; BE, 6*0%; if, 230). (b) Dehydration. When the material 
' t was heated, with acetic anhydride for 4 hours at 150°, two subetan^sj 
were obtained, the hydrocarbon (XV) and an oil (more mobiie'tla^^ 
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the original one) from which no definite product could be isolated, 
(c) Attempted benzoylation. Treatment with benzoyl chloride 

pr CHPhICH*C:C*CHICHPh 
(XIV.) 

—CHICHPh 
(XV.) 


OHPh:CH*CH(OH)*CH(OH)*CH:CHPh 



(Schotten-Baumano. conditions) yielded again the hydrocarbon 
(XV). (d) Bromination. Addition of bromine yielded no identi¬ 

fiable product, but phosphorus tribromide gave a small quantity of 
the diphenyldibromohexadiene, m. p. 124°, described below, and 
other non-purifiable products. 

Dibromo-&£-diphenylhexadiene. —To phosphorus tribromide (20— 
25g.), dissolved in dry ether at 0°, distyrylethylene glycol (5 g.) was 
added in small amounts, with vigorous shaking. The temperature 
was allowed to rise during addition and the product was kept at 
room temperature for § hour. The mass was poured on ice and the 
pale yellow solid which was precipitated was filtered off and washed 
with ether. The filtrate was extracted with ether, and the extract 
thoroughly washed and dried. The bulk of the solvent was evapor¬ 
ated and the remainder removed under reduced pressure. The 
residue was a yellow, sticky mass which was freed from oil by 
washing with ether. The united solid portions were dried and 
recrystallised from petroleum, yielding colourless crystals (3*5 g.) 
of dibrorM-ot£-diphenylhexadiene, m. p. 124—125° (Found : Br, 41*0. 
C 18 H 16 Br 2 requires Br, 40*8%). The ethereal washings yielded a 
small amount of a yellow oil, which was very unstable and rapidly 
caused the decomposition of the solid dibromide if left in contact 
with it. This substance was probably also a dibromide; mixtures 
of the two when treated with zinc yielded only the diphenyl - 
hexatriene described below. 

al-Diphenylhexatriene. —To the dibromide, m. p. 124—125°, 
dissolved in 50 c.c. of chloroform, zinc dust (l g.) was added in 
small portions with thorough shaking. The mixture was then 
warmed for f hour on a steam-bath. The cooled product, diluted 
with much ether, was washed with dilute sulphuric acid and water, 
and dried. On concentration and cooling, a crop of shining, yellow 
leaflets (m, p. 196°) separated. This hydrocarbon, which ivas 
crystallisable from chloroform, was undoubtedly the same diphenyl- 
hexatriene obtained by Smedley (J., 1908, 93, 376) throughcon- 
densing sodium phenylisocrotonate with cinnamaldehyde in.] 
of acetic anhydride (Found: 0, 94*0; H, 6*6. Calc,: 

H, 6*9%)* Yield 60—65%, v 
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Bromination of a£- Diphenylhexatriene .—Addition of bromine 
(1 mol,) to the hydrocarbon (1 mol.) dissolved in a large bulk of 
carbon disulphide was effected at — 20°. When absorption, which 
was rather slow, was complete, the product was thoroughly washed 
and dried. Removal of the solvent yielded a solid which, after 
being washed with ether, was colourless and needed no further 
purification. This substance, m. p. 124—125°, was identical with 
the solid dibromide (dibromo-a£-diphenylhexadiene) from which 
the hydrocarbon had been prepared. When thus obtained, it was 
quite free from the traces of impurities which promoted decom¬ 
position (Found: Br, 40*7%). 

The tetrabromide and hexabromide were formed with increasing 
difficulty by further addition of bromine. The former crystallised 
in white prisms, m. p. 165° (Found : Br, 58*7. C 18 H 16 Br 4 requires 
Br, 57*9%), and the latter in stout needles, m. p. 228—230° (Found : 
Br, 67*8. C 18 H 16 Br 6 requires Br, 67*4%). 

Action of Organic Bases on Diphenylhexatriene Dibromide .— 
Diethylamine (1 g.) was added to the dibromide (1 g.) dissolved in 
absolute ether. In 2 days a heavy precipitation (about 1 mol.) of 
pearly-white diethylamine hydrobromide, m. p. 212°, had taken 
place. This salt was removed and the ethereal solution was washed 
with dilute acid and with water and dried. On concentration, it 
deposited a considerable amount of pure diphenylhexatriene, 
m. p. 196°. 

Pyridine also gave, under similar conditions, the same hydro¬ 
carbon. 

Derivatives of a £-Dimethylhexatriene [k$%-Octatriene]. 

s-Dipropenylethylene Glycol .—Crotonaldehyde was reduced in 
analogous manner to acraldehyde (compare Charon, Ann. Chim. 
Phys,, 1899,17, 266). The glycol, a faintly yellow oil, b. p. 120— 
122°/9 xam,, was obtained in 50—60% yield. 

Bromination of s-Dipropenylethylene Glycol —The method which 
gave the best results is the following. The glycol (50 g.), dissolved 
in dry ether, was added drop by drop to a solution of phosphorus 
tribromide (200 g.) in dry ether (100 c.c.). At first the temperature 
was kept below 10°; later, occasional moderation by cooling kept it 
in the neighbourhood of room temperature. When addition was 
complete, the mixture was kept for f hour and then poured on ice. 
After careful washing and drying, the major portion of the solvent 
was distilled from a steam-bath and the remainder at reduced 
pressure. No solid bromide was isolable and complete carbonisation 
. <& the crude liquid was avoided only by distillation at greatly 
;|^duced pressure, aU access of air to the hot liquid being prevented. 
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At 1 mm. a large proportion distilled : this distillate yielded frac¬ 
tions 68—85°/14 mm, 85—100°/14 mm., and 100—120°/14 mm, all 
of which had nearly the correct bromine content. The substance 
obviously contained two or more isomeric dibromides along with 
small amounts of impurity which promoted rapid decomposition at 
room temperature. As adequate separation of the isomerides was 
impossible by fractionation, the above fractions were united and 
redistilled; a portion, b. p. 92—100°/14 mm., was utilised for sub¬ 
sequent experiments. This was an almost colourless liquid which 
darkened in a few hours and became almost black in 24 hours 
(Found : Br, 56*3. C 8 H 12 Br 2 requires Br, 59*7%). 

oLl-Dimethylhexatriene. —The dibromide (30 g.) yielded with zinc 
and alcohol (see p. 2948) an oil, much of which distilled between 45° 
and 112° at 25 mm. Only the portion, b. p. 45—55°/25 mm., was 
bromine-free: this was redistilled at ordinary pressure and a 
fraction, b. p. 120—130°, was collected. Thus about 8 c.c. of a 
somewhat impure, colourless hydrocarbon of distinctive odour were 
obtained (Found: C, 84*8; H, 11*2. requires C, 89*9; 

H, 11*1%). This, on further fractionation through a small column, 
yielded 2 c.c. of hydrocarbon, b. p. 125—130° (Found: C, 87*7; 
H, 11*4% ; dlf 0*8394; < 1*45193; [B L ] D 34*70). Numerous 
attempts to obtain purer and larger specimens of the hydrocarbon 
were made. The rapidity of polymeric and oxidative changes, 
however, caused great loss both during the denomination process 
and subsequently; soft, wax-like flakes rapidly appeared on the 
walls of the vessel containing the hydrocarbon and in a few hours 
the latter changed into a jelly. 


$Z‘Dimethyl-cL£-diethylhettairiene [frq-Dimethyl-Ay^-decatriene ]. 

a-Methyl- (3-ethylacraldehyde was prepared from propaldehyde 
by Dobner and Weissenbom’s method (Ber., 1902, 35, 1144). 

8r)*Dimethyl-AY*-decadiene-zl~diol, —-Methylethylacraldehyde was 
reduced in similar fashion to acraldehyde. The glycol was a rather 
viscous, yellow oil, b. p. 163—165°/23 mm. It was soluble in water 
and the common organic solvents and did not solidify at — 25° 
(Found : C, 72*8; H, 11*3; df 0*9400; [UJ D 59*20. G tt H*O g 
requires C, 72*7; H, 11*1%). 

z^Dibromo-Srj-dimethyl-AYv-decadieiie. —The glycol (20 g.) was 
added in drops to an ethereal solution of phosphorus tribromide 
(100 g.J* After 1 hour, the mixture was poured on ice, and the 
dibromide extracted with ether. The dried ethereal solution yielded* ; 
on evaporation, a white, sticky mass : this was taken up .in; 
petroleum and warmed with animal charcoal After filtration^ 
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prisms, m. p. 99—100°, separated (Found: Br, 50*2. C^H^Br^ 
requires Br, 49*4%). 

$z-Dimethyl-a£-diethylhexatriene .—By the action of zinc on 
dibromodimethyldecadiene (in alcoholic solution) a product of 
variable boiling point was obtained. Since even the lowest-boiling 
fraction still contained bromine, the whole was re-treated with 
zinc. Much polymeric change attended these operations, waxy 
scales separating on the sides of the containing vessel. A quantity 
of unsaturated hydrocarbon of strong odour (colourless liquid, 
b. p. 65—70726 mm.) was obtained, but this still contained traces 
of bromine and polymerised too rapidly to allow of adequate frac¬ 
tionation. The obvious impurity of this specimen (Found: 0, 
76*0; H, 11*2. CyE^ requires C, 87*8; H, 12*2%) rendered it 
unsuitable for further use. 

The authors desire to acknowledge grants from the Government 
Grant Committee of the Royal Society and the Chemical Society 
(to E. H. F. and B. D. L. respectively) which have defrayed a 
portion of the cost of this investigation. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received^ October 1th , 1927,] 

CCCXCIIL —The Reactions between Oxygen and 

Coal. 

By Wilerib Francis and Richard Vernon Wheeler. 

A study of the gases occluded in coal that had been exposed to 
the air for a long time (see Wheeler, J., 1918, 113, 945) suggested 
that one reaction between oxygen and coal, or some part of the 
coal substance, was analogous to that between oxygen and carbon 
which results in the formation of a physico-chemical complex 
(Rhead and Wheeler, J., 1913, 193, 461). Later work (Tideswell 
and Wheeler, J., 1919, 115, 895; 1920, 117, 794) emphasised the 
analogy by showing that, not only did exhaustion of coal at a 
slightly higher temperature than that at which “ fixation ” of 
oxygen had taken place remove part of the oxygen as oxides of 
carbon, but also that the coal then had a renewed capacity for 
attaching oxygen. To explain this “ revivification/* it was assumed 
that the molecular structure of that part of coal to which oxygen 
attaches itself approximated to that of carbon. 

Jp; Wh^ 1925, 127, 112, 2238 ; 1926, 1410) 

portion, of coal most readily attacked by oxygen at low 
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temperatures is the ulmin portion, the molecular structure of 
which contains a compact system of 5- and 6-membered rings, 
which recalls the compact 6-membered ring structure suggested 
for carbon by Aschan ( Chem.-Ztg 1909, 33, 561), The analogy 
between the oxidation of carbon and that of coal is not, however, 
complete. During the latter, the hydrogen-containing groupings 
of the ulmin molecule play an important part, whilst stable acidic 
(carboxylic) groupings are formed which have no counterpart in 
the composition of the carbon-oxygen complex formed when 
carbon is oxidised. 

In the present research, which should be considered in con¬ 
junction with that of Tideswell and Wheeler (be. cit .), whose 
methods of experiment we have followed, we have studied more 
particularly the behaviour of the hydrogen-containing groupings 
of the ulmin molecule during the oxidation of coal, as disclosed 
by the formation of water. Oxygen was circulated at a constant 
rate through powdered coal maintained at a constant temperature, 
and periodic measurements were made of the total quantity of 
oxygen disappearing and of the quantities of each of the products 
of reaction. When the reaction became slow, the oxidised coal 
was heated in a vacuum to a higher temperature (below the tem¬ 
perature of decomposition of the coal-substance), cooled to the 
original reaction temperature, and oxygen again admitted. This 
procedure was repeated several times. 

The experiments can be divided into two main groups : (1) with 
newly-won coal, the vitrain portion of the Hamstead (Brazills) 
seam, Staffs.; and (2) with vitrain from the same seam after it 
had been transformed into soluble ulmins by prolonged atmospheric 
oxidation at 150° (see Francis and Wheeler, loc. cit ). 

Series L Experiments with Newty-ivon Coal . 

The coal, ground to pass through a 40- and remain on a 60-mesh 
sieve (I.M.M. standard), was dried in a vacuum over sulphuric 
acid during 14 days and introduced into the reaction tube, where 
it was first heated at 60° in a vacuum and then treated with pure 
dry nitrogen, which was circulated through the rest of the apparatus. 
The weight of dry coal used was 44-6 g. The following sequence of 
experiments was made: 

(а) Oxidation at 60°. 

(б) Exhaustion at 100°, followed by oxidation at 60°. 

(c) Exhaustion at 100°, followed by oxidation at 60V 

(d) Exhaustion at 185°, followed by oxidation at 60°. 

(e) Exhaustion at 200°, followed by oxidation at 60V 

:(/) Exhaustion at 200°, followed by oxidation at 60% ; ^ 
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The main results are recorded in Tables I and II and in Tigs. I 
and 2, all volumes of oxygen and oxygen-equivalents being reduced 
to N.T.P. throughout. The first oxidation (a) at 60° can be 


Fig. 1. 



Time {days). 


regarded as the “ normal ” oxidation of the coal at that temperature* 
^ ..Its general course is shown in curve a, Tig. 1. 

Carbon dioxide and monoxide were produced from the first at 
^‘ -a rate comparable with that of the disappearance of oxygen, but 
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Table I. 

Series I. The Oxidation of Neivly-ivon Goal (44-6 g.) at 60°. 

Oxygen-equivalent 
of products, c.c. 

Dur- Oxygen ^ 111 ^ -s Oxygen 

ation, used, As As As 44 fixed,” 


Experiment No. days. c.c. H 2 0. C0 2 . CO. c.c. 

(a) Normal oxidation ... 35 1544 450 169 40 885 

(b) After exhaustion at 

100° (1st). 28 697 122 91 21 463 

(c) After exhaustion at 

100° (2nd) 26 564 105 72 12 375 

(d) After exhaustion at 

185° ... 17 7S1 237 127 21 396 

(e) After exhaustion at 

200° (1st). 21 2173 621 423 67 1062 

(/) After exhaustion at 

200° (2nd) . 24 1914 461 403 82 968 


Table II. 

Series I. Products of Decomposition of Oxidised Goal . 


Experiment. 

At 100° after oxidation a 
At 100° after oxidation b 
At 185° after oxidation c 
At 200° after oxidation d 
At 200° after oxidation e 


Oxygen 

-equivalent of products, 

c.c. 

As H 2 0. 

As CO,. 

As CO. 

Total. 

79-8 

39-7 

3-5 

123 

87-0 

45-8 

4-2 

137 

352-0 

269-0 

39-0 

660 

501-0 

595-0 

81-0 

1177 

332-0 

634-0 

91-0 

1057 


the appearance of water in the absorption tubes was more gradual. 
This was no doubt because the coal, being initially dry, retained 
some of the water vapour first formed. There is no reason to 
doubt but that the production of water vapour actually corresponded 
with the production of oxides of carbon during the early stages as 
it did throughout the rest of the oxidation. As the reaction pro¬ 
ceeded, a smaller proportion of the oxygen used became “ fixed.’’ 

Oxidation was still continuing at a slowly decreasing rate at the 
end of 35 days, but the experiment was stopped and the apparatus 
evacuated, the temperature of the coal being raised to 100°. Con¬ 
siderable decomposition of the oxygenated groupings in the coal, 
equivalent to 123 c.c. of oxygen, occurred (see Table II), 65% of 
the oxygen thus removed appearing as water, 32*2% as carbon 
dioxide, and 2*8% as carbon monoxide. 

After this exhaustion at 100°, the rate of oxidation at 60° (6, 
Fig. 2) had increased, the 4C normal ” oxidation of the coal being 
continued, and the oxygen removed from the ulmins by the exhaus¬ 
tion, amounting to about one-seventh of the oxygen fixed during 
experiment a , being simultaneously replaced. Experiment b wasy 
continued during 28 days, and the coal then again exhau$ted |g 
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100°. Water and the oxides of carbon were evolved in the same 
proportions as during the first evacuation, showing that the group¬ 
ings attacked were of the same character; but rather larger 
quantities, equivalent to 137 c.c. of oxygen, were obtained owing 
to the continuance of the “ normal ” oxidation of the coal. 

After this second exhaustion at 100°, the rate of oxidation at 
60° (c) had again increased, in proportion with the amount of 
oxygen removed during exhaustion. Estimating, from the oxid¬ 
ation curve for experiment a, that during the normal oxidation of 
the coal the daily fixation of oxygen averaged 12 and 9 c.c. in 
experiments b and c, we calculate the fixations consequent on the 
decompositions at 100° to be 127 and 141 c.c., corresponding with 


Fig. 2. 



Time {days}* 


123 and 137 c.c. of oxygen removed during the subsequent decom¬ 
positions. The oxidation was continued during 26 days and the 
coal then exhausted at 185°. At this temperature the amount of 
the “fixed” oxygen released as water and oxides of carbon was 
considerably greater than at 100°. During experiments a , b, and c, 
a total of 1723 c.c, of oxygen had become fixed, whilst during the 
two exhaustions at 100°, 260 c.c. had been released. Of the 
balance, nearly one-half (660 c.c.) was removed during exhaustion 
at 185° (see Table II). The proportion of oxides of carbon in the 
products was greater than at 100°, showing that the character of 
the groupings decomposed was different. 

The rate of oxidation at 60° (d) after this treatment was initially 
very rapid (curve d, Fig. 2). This experiment was stopped after 
17 days, and the coal then exhausted at 200°. The total amount 
■ ; $j[ oxygen fixed as the result of all the operations up to this point 
c.c. The evacuation at 200° removed as water and 
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oxides of carbon 1177 c.c., or 98*2%. The proportion of oxides 
of carbon was greater than at 185°. 

Oxidation at 60° (e, Fig. 1) was now very rapid. Considerable 
volumes of oxides of carbon and water were produced from the 
first, their quantity, in proportion to the amount of oxygen fixed, 
being greater than in the earlier experiments of the series. After 
21 days, 1062 c.c. of oxygen had been fixed, the total amount in 
the coal being therefore 1084 c.c. (1199 — 1177 + 1062 c.c.). 
Exhaustion at 200° removed 1057 c.c., or 97*5%. The gases con¬ 
tained a higher proportion of oxides of carbon than those from 
the previous exhaustion at 200°. Oxidation at 60° (/), following 
this second exhaustion at 200 p , was again very rapid. The pro¬ 
duction of oxides of carbon was greater and that of water was 
less than in experiment e, indicating the gradual elimination of 
groupings rich in hydrogen. 


Series II. Experiments with Goal oxidised at 150°. 


The material, 97% of which was soluble in aqueous potassium 
hydroxide, contained C, 63*8; H, 2*7%. From our previous work, 
we knew that extensive decomposition of the oxygenated groupings 
(chiefly carboxylic) of this soluble coal-ulmin would take place on 
heating in a vacuum. Only 9-76 g, were therefore used for the 
experiments. The results of a series of oxidations at 60° are 
recorded in Table III, and those of a series of decompositions at 
different temperatures in Table IV. No decomposition took place 
at 100°. 


Although during the first oxidation at 60° (a), before any heat 
treatment, some ee fixation ” of oxygen occurred, there were no 
gaseous products, and it seems clear that the disappearance of 
oxygen, half of which occurred whilst it was being admitted into 
the apparatus, was due to adsorption and solution in the interior 
of the coal. Exhaustion at 220° caused a partial decomposition of 
the oxygenated groupings of the ulmin molecule, but the oxygon 
thus removed, unlike that removed during the corresponding 
experiments with coal, was not replaced during the subsequent 
oxidation at 60° (6), Physical adsorption of oxygen occurred, 
whilst there was chemioal reaction resulting in the fixation of 4 c.c. 
of oxygen and yielding traces of oxides of carbon. Possibly water 
was formed also and retained by the ulmin. Heating at 320° caused 
considerable decomposition, and, although during the subsequent 


oxidation at 60° there was appreciable chemical combination with 
the coal-ulmin, this was by no means as great, having regard t^| 
the amount of oxygen previously removed, as might 
from the results of the experiments with ■ newlv-won. 
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two subsequent exhaustions at 320° (after oxidations c and d) both 
caused some decomposition, the volumes of the products being 
about one-tenth of those yielded during the first exhaustion (after 
oxidation b). These results, and those of the decomposition at 
420° and the subsequent oxidation at 60°, emphasise the difference 
in character between newly-won coal and the soluble coal-ulmin 
produced from it by oxidation. 

Table III. 

Series II, The Oxidation of Soluble Coal-ulmin (9*76 g.) at 60°. 

Oxygen-equivalent 
of products, c.c. 

Dur- Oxygen ✓---- Oxygen 

ation, used, As As As “ fixed,” 


Experiment No. days. c.c. H 2 0. C0 2 . CO. c.c. 

(a) Normal oxidation ... 5 18-4 Nil Nil Nil 18-4 

lb) After exhaustion at 

200° . $ 22*9 • Nil 0*5 Trace 22*4 

(c) After exhaustion at 

320° (1st). 4 53-4 4*4 8-6 8*0 32*4 

(d) After exhaustion at 

320° (2nd) . 7 45*4 1*3 4*6 6*0 33*5 

(e) After exhaustion at 

320° (3rd) 5 37*8 Nil 2*1 2*8 32*9 

(/) After exhaustion at 

420° . 9 104*4 10*0 12*7 6*4 75*3 


Table IV. 

Products of Decomposition of Soluble Coal-ulmin. 

Oxygen-equivalent of products, c.c. 


Experiment. 

As H 2 0. 

As C0 2 . 

As CO. 

Total. 

At 220° after oxidation a .. 

... 60*5 

112*5 

6*3 

179*3 

At 320° after oxidation b .. 

... 71*0 

381*0 

31*0 

483*0 

At 320° after oxidation c .. 

... 10*6 

43*3 

5*1 

59*0 

At 320° after oxidation d .. 

... 14*9 

25*0 

3*7 

43*6 

At 420° after oxidation e .. 

187*0 

420*0 

67*5 

674*5 


We explain the results of the two series of experiments as follows* 
The oxidation of coal takes place through the medium of an ad¬ 
sorbed layer (compare Tideswell and Wheeler, loc. cit t ) } which 
almost immediately reacts with certain external groupings of the 
ulmin molecule, yielding water, carbon dioxide, and carbon mon¬ 
oxide, and forming unstable oxygenated groupings at the points 
of attack. As the adsorbed layer enters into chemical combination 
with the coal, it is replaced by a fresh layer, the process being 
continuous so long as there are groupings remaining with which 
oxygen can combine at the temperature of experiment. The 
unstable oxygenated grouping formed are ultimately carboxylic 
in character said cause the coal-ulmin to become soluble in alkalis. 
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When the temperature of the coal is raised under vacuum, the 
oxygenated groupings that have been formed are decomposed, 
yielding water and the oxides of carbon, the oxygen contained in 
these being equal in quantity to that “ fixed 99 during the oxidation. 
The coal now has an increased capacity for retaining oxygen, beyond 
that due to the normal oxidation, commensurate with the amount 
removed during exhaustion. 

This process of revivification can be repeated many times, but 
the character of the products of decomposition at each successive 
e xh austion gradually changes, because groupings of slightly different 
character are attacked or decomposed. During exhaustion, suit¬ 
able groupings near those to which oxygen has become attached 
furnish the hydrogen and carbon required to yield the water and 
oxides of carbon evolved. During the earlier exhaustions, water 
is the chief product of decomposition, the action being akin to 
dehydration. This may result in the formation of internal anhydr¬ 
ides from neighbouring carboxyl groupings, of lactones from suit¬ 
ably placed carboxyl and hydroxyl groups, or of unsaturated 
groupings such as are produced on the dehydration of (3-hydroxy- 
acids. The number and type of the groupings that can be attacked 
depend upon the temperature at which oxidation is effected. Oxid¬ 
ation at 60°, as in the series of experiments with newly-won coal, 
is limited; but at 150°, the temperature employed to produce from 
that coal the soluble ulmins used for the second series of experi¬ 
ments, all the external groupings of the molecule are eventually 
attacked, leaving oxygenated (chiefly carboxylic) groupings in their 
place. No suitable groupings are available in such a fully-oxidised 
coal for the type of decomposition, permitting almost complete 
revivification, that, obtains with a partly oxidised coal, but the 
decomposition (at the high temperature required) modifies, the 
ulmin molecule profoundly, leaving a comparatively stable residue, 
there being but few groupings containing oxygen and hydrogen. 
Such revivification of this residue as can be effected is of the same 
character as is obtainable with carbon, and it is probable that the 
molecular structure of the residue approximates to that of carbon. 
With coals saturated with oxygen at temperatures between 60° 
and 150°, different degrees of revivification, by exhaustion at a 
higher temperature than that of oxidation, are possible. 


Experimental. 

The circulation apparatus employed for submitting the coal to.-;: 
the action of oxygen differed in many respects from that used; 
Tideswell and Wheeler (loc. tit.). The reaction tube iu whie^:| |^^ 
powdered coal was packed- 1 was supported vertically 
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electrically-heated furnace (F, Fig. 3), the temperature of which 
could be maintained constant by means of an electric thermostat. 
The lower end of the reaction tube was connected by ground-glass 
joints to two weighed U-tubes in series. The first contained 
granular calcium chloride for the absorption of water, and the 
second, asbestos impregnated with sodium hydroxide (the top of 
each limb being covered by a layer of granular calcium chloride) 
for the absorption of carbon dioxide. These U-tubes were duplicated 
so that they could be periodically removed for weighing and fresh 
ones substituted. 


Fig. 3. 



Circulation of the oxygen through the coal and absorption tubes 
was effected by an electrically-operated glass pump, P, of special 
construction (see Francis, Fuel, 1926, 5, 39). The oxygen entering 
the apparatus was first dried by bubbling through shallow layers 
of concentrated sulphuric acid contained in a series of large wash- 
bottles, W, and then passed through a mercury seal of about 1 mm. 
The charges of oxygen required for an experiment were contained 
in a graduated burette, B, over a mixture of equal parts by volume 
of glycerol and water. The reservoir of this burette was supported 
by a cord which passed over a pulley to a counterweight consisting 
of a tube, containing mercury, which dipped into a deep jar con¬ 
taining glycerol and water! The external diameter of the counter¬ 
weight was equal to the internal diameter of the burette, so that as 
the level of the liquid in the burette rose, consequent on absorption 
of oxygen by the coal, the reservoir rose an equal amount and the 
pressure was maintained constant. The pressure was adjusted at 
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the beginning of an experiment to be just sufficient to force the 
oxygen through the layers of sulphuric acid and the mercury seal. 

As absorption by the coal proceeded, oxygen was drawn into the 
apparatus to maintain a constant pressure. The volume thus 
entering was measured periodically on the burette. Corrections 
were made for variations in atmospheric temperature and pressure 
and for the vapour pressure of the liquid in the burette. The 
oxygen, which was prepared by the action of a solution of potassium 
permanganate on a mixture of hydrogen peroxide and dilute 
sulphuric acid, was of 99-5% purity. Simultaneously with the 
measurements of the oxygen used, the weights of water and carbon 
dioxide formed were determined from the increase in weight of the 
U-tubes, and a sample of the circulating gases was analysed to 
determine the amount of carbon monoxide formed. 

At the conclusion of an oxidation experiment, the apparatus was 
rapidly evacuated and the coal then raised to the required tem¬ 
perature during 30 hours, the gases evolved being drawn, by means 
of a Sprengel mercury pump, through the weighed U-tubes. Water 
and carbon dioxide were thus absorbed and estimated, and carbon 
monoxide was collected and measured. 

The work described in this paper forms part of a research on the 
spontaneous combustion of coal which we are carrying out for the 
Safety in Mines Research Board, to whom our thanks are due for 
permission to publish it. 

Safety in Mines Research Laboratories, 

Sheffield. [Received; September 19th t 1927.] 


CCCXCIV .—The Ternary Systems Copper Acetate- 
Acetic Acid-Water and Lead Acetate-Acetic m4cuI~ 
Water at 25°. 

By Karl Sandved. 

In connexion with a study of the relation between lead chloride and 
lead acetate in aqueous solution, the system lead acetate-acetic 
acid-water was examined, and also, for the sake of completeness, 
the system copper acetate-acetic acid-water. The results form the 
subject of the present communication. 

The acetate-acetic acid-water systems investigated previously 
are of the same general type (Sodium salt: Dukelski, Z. anorg. 
Chem 1909,62,114; Dunningham, J., 1912,101,431. Ammoulum|| 
salt: Ruth Sugden, J., 1926, 960. Silver salt: Knox and 
1919, 116, 863), all obeying the following' 
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solubility of the acetate is depressed on addition of acetic acid, as 
would be expected from the classical solubility laws ; (2) acid 
acetates occur in the solid phase at a certain concentration of acetic 
acid. 

Of the systems described in the present communication, the 
copper acetate system conforms completely to these rules, whereas 
the lead acetate system shows a totally different behaviour. The 
exceptional complexity of lead acetate solutions has frequently been 
described. A complete investigation of the ternary system lead 
acetate-acetic acid-water throws some light upon the constitution of 
these solutions, and provides data bearing on the existence or non- 
existence of acid lead acetates, which have not hitherto been 
described. 

Experimental. 

Copper Acetate-Acetic Acid-Water at 25°. 

The following neutral and acid salts have been described: 
Cu(C 2 H 3 0 2 ) 2 (Tilden, J., 1884, 45, 266), Cu(C 2 H 3 0 2 ) 2 ,H 2 0 (Ger- 
hardt, J. Pharm., 1845, 9, 50), Cu(C 2 H 3 0 2 ) 2 ,5H 2 0 (Wohler, Pogg . 
Ann., 1836, 37, 166; Astre, J. Pham. Chim 1893, 28, 542), 
Cu(C 2H 3 0 2 ) 2 ,2HC2H 3 0 2 ,H 2 0 (Villiers, Compt. rend., 1877, 85, 1236). 

The mixtures were shaken in a thermostat at 25° ± 0*05°. The 
equilibria were completely established in 5 to 6 hours, except in 
solutions containing more than 90% of acetate, which required 
about 24 hours. The solid was allowed to settle, and the clear 
solution was drawn off and analysed. The solid was then rapidly 
drained on a Buchner funnel and analysed, the composition of the 
dry solid being found by Schreinemakers’s method (Z. physikal. 
Chem., 1893, 11, 81). Copper was estimated by electrolytic 
deposition from dilute sulphuric acid solution (see Fischer,, Z. angew . 
Chem. ,1907, 20,134), whilst the total acetic add was estimated by 
distillation with phosphoric acid, as described by Dukelski (loc. cit .). 

The copper acetate used was the purest obtainable from British 
Drug Hdises, Ltd. Estimations of copper and acetic acid were in 
accord with the formula Cu(C 2 H 3 0 2 ) 2 ,H 2 0. The anhydrous acetate 
was prepared by heating the monohydrate for 5 hours at 95—100° 
(Angel and Harcourt, J., 1902, 81, 1385; Tilden, loc. cit.). 
Analysis then gave Cu, 34*9, 34*8, 34*9, 34*91, 34*9 (mean, 34*9) 
[Calc.: Cu, 35*0%]. This anhydrous copper acetate was employed 
for solutions corresponding to the extreme right side of the: diagram. 

The experimental results are in Table I, and Fig. 1 shows the 
corresponding graph, constructed according to Lodocnikow’s method 
QJwm.? 1926,151,181). If, in order to show more clearly 
, 4^|yarying composition ■ of the saturated solutions, the scale is 
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increased ten times (see right-hand ordinates), the broken line in 
Fig. 1 is obtained. It is seen that three compounds are capable of 
existence, viz., (1) Cu(C 2 H 3 0 2 )2,H 2 0 (marked 1 in the figure); (2) 
Cu(C 2 H 3 0 2 ) 2 ,HC 2 H 3 0 2 ,H 2 0 (marked 2); (3) Cu(C 2 H 3 0 2 ) 2 ,H0 2 H 3 0 2 
(marked 3). 

Fig. 1. 
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Table I. 

The Ternary System Cu(C 2 H 3 0 2 ) 2 -HC 2 H 3 0 2 -H 2 0 at 25°. 


Liquid. Wet solid. Liquid. Wet solid. 


%CuAo 2 . 

%HAc. 

%CuAc a . 

%HAc\ 

%CuAc a . 

%HAc, 

%CuAc a . 

%HAc. 

6*79 

— 

76*02 

0*09 

0-69 

75*74 

62*95 

28*12 

4*73 

6*18 

88*32 

0-82 

0*48 

81-60 

58*87 

32*57 

4*27 

11*14 

86*70 

1*03 

0-25 

88*46 

65-11 

27*96 

4*16 

13*65 

89*31 

1*04 

0*22 

92*17 

55*45 

36*97 

3*49 

22*35 

87*85 

1*64 

0*21 

93*33 

83-87 

29-06 

3*12 

28*43 

88*62 

1*57 

0*20 

94*94 

59*04 

34*81 

2*68 

35*53 

87*53 

0*94 

0*21 

95*26 

66*68 

26*67 

2*10 

46*08 

83*70 

5*10 

0*17 

95*40 

35*94 

58*09 

1*70 

53*35 

88*00 

1-81 

0*23 

95*66 

69*01 

23*30 

1*18 

63*67 

88*31 

0*93 

0*23 

96*37 

71*50 

27*49 

0*89 

70*81 

86*60 

3*45 

0*31 

97*20 

68*25 

28*10 

0*79 

74*06 

82*90 

7*20 

0*71 

98*77 

70*91 

28*31 . 

0*77 

74*42 

62*10 

27*59 

0*71 

98*91 

70*58 



The ternary invariant point between (1) and (2) lies 
Cu(C 2 H 3 0 2 ) 2 and 74-06% H0 2 H 3 0 2 , and that between 
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0*17% Cu(C 2 H 3 0 2 ) 2 and 95-40% HC 2 H 3 0 2 . The solubility of 
copper acetate in water at 25° is 6*79%. 

The pentahydrate described by Wohler and by Astre (locc. cit ,) is 
not stable as a solid at 25°. Fig. 1 shows, moreover, that the acid 
salts obtained are not of the same type as that described by Villiers 
(loc. cit.), for no acid salt is indicated containing more than 1 mol. of 
acetic acid to 1 mol. of copper acetate. 

Lead Acetate-Acetic Acid-Water at 25°. 

Numerous basic and neutral lead acetates are mentioned in the 
literature, whereas no acid compound has been identified (Gmelin- 
Kxaut, “ Handbuch/ 3 1924). Sakabe (Mem. Coll. Sci. Kyoto , 1914, 



10 20 30 40 60 60 70 

C a H 4 O a , %. 


1, 57) has investigated the system lead oxide-acetic acid-water, 
but his data do not go beyond 19*28% of free acid. Moreover, his 
figures do not agree either with the results of the present work or 
with those obtained by Jackson ( J . Amer. Chem . Soc 1914, 36, 
2346) for the system lead acetate-lead oxide-water. Thus Sakabe 
found the solubility of lead acetate to be about 6*5%, whereas the 
true solubility is about six times as high. Further, Sakabe 
employed ignited lead oxide for his experiments and probably true 
equilibria were not attained owing to the inactivity of the oxide. 

The lead was estimated as sulphate according to the recognised 
method. For the estimation of acetic acid, an excess of .27/5- 
snlpltoie acid was added to the solution, which was then diluted 
With^twice its volume of alcohol and titrated with W/b-sodium 
hydroxide (free from carbon dioxide) and phenolphthalein. (The 
addition^ of alcohol produced a very sharp end-point.) Boded 
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water only was used, and all flasks were fitted with tight glass 
stoppers. In order to cheek the method, titrations were carried out 
with pure lead acetate from the British Drug Houses : the alkali 
required for back titration was always equivalent to the amount of 
acid added. Anhydrous lead acetate was prepared by heating the 
trihydrate at 130°. Three estimations of lead in the dried product 
gave 63*7, 63-7, 63*7 [Calc.: Pb, 63*7%]. 

As may be seen from Table II and Pig. 2, the solubility of lead 
acetate increases on addition of acetic acid, at first rather slowly, 
but from 20% acetic acid very sharply. The maximum percentage 
of acetic acid is at 28* 99%, which consequently is the highest 
possible content of acetic acid in presence of lead acetate trihydrate 
as a solid at 25°, owing to the high solubility of the latter. By 
dissolving the trihydrate in glacial acetic acid, a point was finally 
reached corresponding to 67*90% Pb(C 2 H 3 0 2 ) 2 and 22*01% 
HC 2 H 3 0 2 , marked * in Table II. Anhydrous lead acetate was used 

Table II. 


Liquid. 

Wet solid. 

Liquid. 

Wet solid. 

%PbAc a . 

%HAc. 

%PbAc 2 . 

%HAc. 

%PbAc 2 . 

%HAc. 

%PbAc 2 . 

%HAc, 

35-50 

1-61 

80*80 ' 

1*35 

61*48 

27*10 



35-62 

7-82 



65*84 

23*62 

84*63 

4-87 

36-0S 

12*56 

80*05 

2-39 

66*48 

22*98 



37*10 

17*04 



*67*90 

22*01 



40*58 

23*58 



65*09 

28*90 

89*85 

8-05 

45-39 

28*55 

83-39 

2*73 

63*55 

34*00 

88-70 

9-2S 

52-10 

28*99 



61*50 

36*77 

92-61 

6-81 

56*60 

28*41 








for the extreme part of the diagram; it dissolved very slowly in 
concentrated acid, 2 days being necessary for the attainment of 
constant values. The solution always showed a slight turbidity, 
which rendered separation of the two phases impossible at the 
highest concentrations of acid. This part of the curve, being less 
trustworthy, has been drawn as a broken line in Pig. 2, but it 
nevertheless shows that anhydrous lead acetate is still present as 
a solid and that no acid compounds can be prepared in this way. 
In order to check this result, the anhydrous salt and glacial acetic 
acid were boiled together for 5 hours, but the high viscosity and 
density of the solution prevented the separation of the solid from the 
liquid. The appearance of the solution was not perceptibly altered 
after 3 weeks, and it was quite impossible to effect any crystallis¬ 
ation in this highly supersaturated solution. It may be emphasised ( 
that these experiments do not definitely prove the nomexisteime pf; 
acid lead acetates.. The velocity of reaction in such viscous,-systjeno^ 
is so depressed that true equilibria may not be 
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Discussion. 

The abnormal behaviour of lead acetate solutions has been long 
known. Measurements of electrolytic conductivity (Noyes and 
Whitcomb, J. Amer. Chem. Soc., 1905, 27, 747) and of E.M.F. 
(Conrad, Diss., Gottingen, 1903) indicate a low concentration of 
free lead ions in these solutions : according to Noyes and Whitcomb 
the degree of dissociation in if-solution is about 17%. 

These results are in agreement with the changes which occur when 
lead salts and acetates are brought together. The increased 
solubility of lead sulphate in ammonium acetate (Carius, Annalen, 
1863,125, 87) is explained by Noyes and Whitcomb as due to the 
formation of un-ionised lead acetate by metathesis; and a similar 
assumption was made by Fox (J., 1909, 95, 878) to account for the 
solubility of lead sulphate in alkali acetate solutions. 

Several other authors have maintained, however, that various 
other factors, besides the low degree of dissociation, have to be 
considered in such solutions. White (Amer. Chem. J., 1904, 31, 4; 
1906, 35, 218) explains the increased solubility of lead chloride in 
lead acetate solutions, as well as the type of double compound 
isolated, by assuming complex ions to be present in the solution. 
(The author hopes to publish the results *of a phase-rule study of 
this system.) 

Further evidence on the existence of complex ions has been given 
by Blomberg (Chem. Weekblad, 1914, 11, 1030; Z. Elektrochem., 
1915, 21, 438), Conrad (loc. cit .), and Labendzinski (Diss., Breslau, 
1904). By postulating the equilibria 

(1) 2Pb(C 2 H 3 0 2 ) 2 W Pb(C 2 H 3 0 2 )‘ + Pb(C 2 H 3 0 2 y 

(2) Pb(C 2 H 8 0 2 r 9S5 Pb“ + C 2 H 3 <V 

(3) Pb(C 2 H 3 0 2 ) 3 ' — Pb(C 2 H 3 O a r + 2C 2 H 0 <V 

Blomberg is able to account for the abnormal solubility data as 
well as for the electrochemical measurements referred to previously. 

As shown by Hill (J. Amer. Chem. Soc., 1917, 39, 218), the con¬ 
ditions are altogether different when acetic acid is used instead of 
alkali acetates; thus, the solubility of lead ohlorfde increases slightly 
on addition of small amounts of acetic acid, and then falls regularly 
on further additions (see Herz and Martin, Z. anorg. Chem., 1924, 
140,339). Hill points out that the theory of metathesis predicts an 
increase of Mubaity and therefore can hardly be valid; he suggests, 
furthermoiei that the grounds for these anomalies lie in deviations 
from theExperiments carried out in connexion 
with ^he present work show that the solubility of lead sulphate is 
d^reesed in a similar way on addition of acetic acid. 

| f Tl ^ems evident, however, that these facts do not by any means 
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disprove Noyes and Whitcomb’s hypothesis. All the data available 
on lead acetate solutions show that this salt, even when regarded as 
a ternary electrolyte, is more extensively dissociated than acetic 
acid. Hence the equiHbrium PbCl 2 + 2HC 2 H 3 0 2 ^=^ Pb(C 2 H 3 0 2 ) 2 + 
2HC1 will give very small amounts of lead acetate in the solution. 
The slight formation of lead acetate is, however, probably the cause 
of the increased solubility on the first part of H ill’s curve. 

When strong electrolytes such as alkali acetates are used instead of 
acetic acid, the conditions are evidently completely altered, and in 
this case the acetate ions will have to unite with the lead ions to a 
considerable extent. In the author’s opinion, the increased solubility 
of sparingly soluble lead salts in solutions of alkali acetates is chiefly 
due to this combination of ions. It does not appear reasonable that 
this reaction leads to the formation of undissociated lead acetate 
only, as originally supposed by Noyes and Whitcomb, but rather to 
univalent ions Pb(C 2 H 3 0 2 )\ By considering lead acetate as a 
binary electrolyte, it is possible to interpret more satisfactorily the 
results obtained from conductivity measurements. The degree of 
dissociation calculated on this assumption is about 70% in 
Absolutions, giving the maximum upper limit of this primary 
dissociation. The measurements by Conrad {be. cit.) seem to show 
that the second dissociation takes place only to a slight extent. 

Fox {be. cit.) gives the following solubilities of lead acetate in 
potassium acetate solutions at 25° : 

KC a H s 0 2 ,% ..... 0 13-87 15-40 

Pb(C*H 8 O a )*,%.... 35*90 38-05 36-91 

Data for the solubility in sodium acetate solutions at 25° have now 
been obtained: 


NaC 2 H s 0 2> % .... 
Pb(C a H 8 O a ) 2 ,% 


0 

35*75 


4*81 

35*23 


15*37 

43*28 


15*96 

38*85 


If these figures are compared with those in Table II, it will be 
seen that alkali acetates and acetic acid have approximately the 
same effect upon the solubility of lead acetate. In the former case, 
however, the maximum solubility will be reached at a comparatively 
low concentration of alkali acetate due to changes in the solid phase 
It will be seen also that the first addition of sodium acetate causes 
the solubility to fall slightly, while an increase occurs on further 
addition. This fact seems to be satisfactorily accounted for by the 
theory of Blomberg {be. cit.). The first quantity of sodium acetat^ 
will depress the dissociation of the Pb(C 2 H 3 0 2 )“ ion (2), whereas^ 
higher concentrations of acetate ions, and consequently 
Pb(C 2 H 3 0 2 )* ions, the formation of complex ions, Pb(CgH 

undissooiated molecules (1 and 3) will be predominant/ tttV, 

■ ' '' : ' ' ' ; ■ ' • ' ■ ' ; 
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of acetic acid, the first effect due to the increase in acetate ions will 
naturally disappear, causing the solubility to increase continuously 
throughout the whole range. 

The extraordinary solubility of lead acetate in acetic acid can 
hardly be accounted for in any other way than by assuming the 
occurrence of molecular changes. Differences in the thermo¬ 
dynamical and electrical properties of water and acetic acid (Webb, 
J. Amer . Chem. Soc ., 1926, 48, 2263) scarcely suffice to explain 
deviations of the observed magnitude, nor does it seem that the basic 
character of lead acetate solutions can be of essential importance 
(Lofman, Z . anorg . Chem 1919, 107, 241). Webb ( loc . cit.) has 
pointed out that strong electrolytes, such as lithium iodide or 
nitrate, most probably are incompletely dissociated in glacial 
acetic acid. It seems therefore plausible to assume that complex 
salts of the type £HC 2 H 3 0 2 ,;?/Pb (C 2 H 3 0 2 ) 2 would be almost un¬ 
dissociated in concentrated acetic acid solution. The failure to 
isolate any acid salts from these solutions points to a very high 
solubility of the complex compounds, as may be expected from the 
modem theories on solubility. A symmetrical combination of the 
Ac 

type AcPbAc, in which the lead atom is entirely surrounded by 
Ac 

acetate groups, will show in respect to its electrical and thermo¬ 
dynamical properties a close similarity to pure acetate groups, and 
hence have a special ability for penetrating a field built up by such 
groups. 

Summary . 

The two ternary systems copper acetate-acetic acid-water and 
lead acetate-acetic acid-water have been investigated at 25°. The 
first system belongs to the same type as the alkali acetate-acetic 
acid-water systems, whereas the second shows totally different 
properties, in accordance with the generally abnormal character of 
lead acetate solutions. 

It is suggested that this abnormal behaviour is best accounted for 
by the assumption of molecular changes, and it is pointed out that 
the supposed non-validity of the mass-action law is insufficient to 
explain deviations of the observed magnitude. 

The author’s thanks are due to the Ramsay Memorial Fellowship 
Trust for placing a fellowship at his disposal, and to Professor J. C. 
Philip, F.R.S., under whose interested and valuable direction this 
research was conducted. 

Iaepebial Gotusi or Science and Technology, ' 

London, S.W. 7. [Received, October 21st, 1927.] 
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CCCXCV .—The Determination of Total Carbon and 
Carbon Dioxide in Small Quantities of Soil Solutions. 

By Colin Falconer Flint. 

During the course of a research on the ultimate composition of the 
soil solution, a method was needed for the determination of total 
carbon, which was present to the extent of 100—1000 parts per 
million parts whilst the quantity available for a determination was 
usually less than 10 c.c. The ordinary permanganate oxidation 
method used in water analysis did not yield concordant results. 

The wet combustion method 
used in steel analysis (see 
Corleis, Stahl u. Eisen , 1894,14, 

581; TreadweH-Hall, “ Ana¬ 
lytical Chemistry/’ vol. 2, 5th 
ed., p. 399, New York, 1919) 
was adapted to the routine 
examination of soil solutions 
containing nitrate and chloride 
as high as 3000 parts of N0 3 
and 800 parts of Cl per million. 

This was achieved by using in 
the combustion-furnace tube 
a 64nch cylinder of reduced 
copper gauze together with 
either copper oxide and a spiral 
of silver gauze or an 8-inch 
cartridge of lead chromate (see 
Thorpe and Whiteley, “ Manual 
of Organic Chemical Analysis,” 

London, 1926). The method was 
then used in the routine ex¬ 
amination of a large number of soil solutions for total carbon, and 
a part of the apparatus was further adapted to the determination 
of carbon dioxide. 

Experimental. 

(1) Total Carbon —The train of apparatus employed was as 
follows, in the order indicated : A soda-lime tower, a set of 3 potash 
bubblers, the combustion flask (Fig. 1) attached through a ground 
joint to the hard glass combustion tube Heated in a light Dennstedt 
furnace, a sulphuric acid bubbler, a glass-stoppered U-tube oomr 
taining pumice soaked in sulphuric acid, and glass-stoppered:l^qi^ 
tion and trap tubes, charged with “ Sofnolite ” pr soda^lime a&j| 


Ftg. i. 
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topped with, calcium chloride. Proper attention was directed to 
sieving the charges for these tubes and to regulating the speed of 
the air current; otherwise, fine dust was swept out, causing serious 
losses. A current of 4 bubbles a second in the bubbler was the 
fastest consistent with safety, and was used throughout, being 
regulated by a screw clip before the pumice tube. 

50 C.c. of water, 15 c.c. of saturated pure chromic acid solution, 
and 120 c.c, of pure sulphuric acid were boiled gently in the com¬ 
bustion flask for 10 minutes with the tap-funnel open. The 
chromate cartridge was then heated to dull redness while a current 
of purified air was drawn through the apparatus for 20 minutes, 
the flask being allowed to cool. Next, the tap on the pumice tube 
was closed, the freshly reduced copper spiral was inserted and heated 
over a faintly luminous flame that just touched the trough, and the 
absorption and guard tubes were placed in position. The soil solution 
was placed in the tap-funnel and drawn into the system, admission 
of air being avoided, and the funnel was rinsed with a few drops of 
water. The air current was started again, and the flask boiled over 
a small flame for 1 \ hours. The pumice tube was then closed, the 
tap-funnel opened, and the absorption tube removed and weighed. 

If the initial boiling-out had not been carefully performed, the 
evolution of gas from the combustion mixture was frequently so 
rapid as to blow the mixture back into the potash bulbs; this could, 
be controlled to some extent by removing the burner and fanning 
the flask. 

The following figures for blank determination and determinations 
of total carbon in a standard sugar solution and a soil extract are 
typical of the results obtained. 

The method was tested on sucrose in an apparatus having rubber 
connexions to the furnace, instead of ground glass joints, and both 
with and without a reflux condenser. 10 C.c. of sugar solution, 
containing carbon equivalent to 27*7 mg. of carbon dioxide, and 
5 mg. each of N0 3 and Cl, gave 27*2 mg. of carbon dioxide (without 
reflux) and 28*0 mg. (with reflux); 20 c.c, of liquid gave 56*6 mg. of 
carbon dioxide. This apparatus, as well as that shown in Kg. 1, 
gave less than 0*1 mg. increase in weight in blank determinations 
witih the reagents when as much as 0*1 g. of potassium nitrate and 
0*05 g. of potassium chloride were used. With the apparatus 
> figured, 5 c.c. of a certain soil solution gave 1*6 mg. of carbon 

Goodagj^ in ..repeated tests. •' The errors did 

not exceed 0*3 mg. with the largest quantities of carbon, which in 
* general yielded 1—30 mg. of carbon dioxide, 
gf ( 2 ) Ca^bm Bwxide.~The apparatus was adapted to the deter- 
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ruination of carbon dioxide by cutting the horizontal delivery 
tube about 1 inch from the reflux condenser and connecting it to 
the drying and absorption train by means of a rubber joint. To 
prevent bumping in the solution on boiling, hydrogen was liberated 
by the action on aluminium of the hydrochloric acid with which the 
solution was acidified; this metal was chosen for its freedom from 
surface contamination of carbonate or sulphide. Very dilute acid 
was used in order to avoid a too rapid evolution of gas. The 
complete expulsion of carbon dioxide from the system was acceler¬ 
ated by the current of air and the generation of hydrogen, but 
boiling was continued for lb hours as an additional precaution. 

100 C.c. of water and 5 c.c. of hydrochloric acid were boiled for 
20 minutes in the current of air after \ inch of 16-gauge aluminium 
wire had been placed in the exit tube from the reflux condenser; 
without stopping the boiling, the pumice tube was closed to allow 
the absorption and guard tube to be inserted; the sample of the 
soil solution was drawn into the system, and the wire was dislodged 
from its position and caused to fall into the mixture. (This pro¬ 
cedure avoided all danger of " blowing back. 5 ’) The boiling was 
continued for 1J hours, then the absorption tube was weighed. 

Since blank determinations gave less than 0T mg. increase in 
weight of the absorption vessels, this method was applied to soil 
solutions, 10 c.c; being used for each test. With soil solutions of 
p 0 <7, the total carbon dioxide so found did not exceed a few parts 
per million. 

During the publication of this work, a method was described 
(Nicloux, Bull. Soc. Chim. biol ., 1927, 9, 639) for the rapid and 
accurate determination of a maximum of 3 mg. of carbon present as 
organic matter in 1 c.c. of aqueous solution. The chromic-sulphuric 
acid oxidation takes place in a vacuum, and is catalysed by silver 
chromate. A method for the micro-determination of carbon 
dioxide was also described (ibid., p, 758). 

Boyal College of Science, [Received, February 17th, 1027. 

London*, 8,W. 7. Revised, November 1 §th, 1027,] 


CCCXCVI .—The Critical Temperatures of Baron Trk> 
chloride and Silicon Tetrachloride. 

By Thomas Wallace Parker and Pebcy Ltjcock: Robotsok,. v 


is in progress in this laboratory, and these results,:#^ 
because no previous determination appears to have bee 



'v mmm 
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the case of boron trichloride, whilst the only one relating to silicon 
tetrachloride is that of Mendeleev (. Annalen , 1861, 119, 11). 
Carefully purified material has been used in each case, and the 
thermometers have been standardised at or very near to the readings 
actually used by the National Physical Laboratory, so that con¬ 
siderable trust may be placed in these values. 

Experimental. 

Preparation of Materials and Filling of Tubes .—The Durosil 
glass-ware used in these operations was cleaned by treatment with 
chromic-nitric acid mixture, well washed with numerous changes of 
water, the last portions being good distilled water, and with alcohol 
and ether, after which it was dried by heating to 110° in an electric 
oven. 

Boron trichloride. About 120 c.c. of boron trichloride, which had 
been used for an approximate determination of density (see Briscoe, 
Robinson, and Smith, this vol., p. 284) and had remained sealed 
under vacuum in a container provided with a special joint, con¬ 
stituted the initial material for this work. This liquid was subjected 
to two successive fractional distillations in a vacuum, head and tail 
fractions of about 5 and 10 c.c. respectively being rejected on each 
occasion, and the main fractions being received into vessels having 
special joints. The fractionations were performed with the usual 
precautions taken in this laboratory and described elsewhere for 
ensuring the absence of leaks in the train, of moisture on the interior 
surface of the vessels, and of residual air. The vessel, L, containing 
the main fraction (90 c.c.) was now attached to the train illustrated 
in Pig. 1; B 1 —B s represent the various critical-temperature tubes, 
with walls 1 mm. thick and bore 4—5 mm., and provide# with the 
thickened capillaries necessary for sealing off under a vacuum; 
M is the surface-tension vessel previously described (Mills and 
Robinson, this vol., p. 1823); and N is a vessel with a speoial joint 
for receiving the surplus material. This train was evacuated and 
slowly refilled with dry air 6 times while at 150°, to ensure careful 
drying, and was sealed off from the pump under the highest vacuum 
attainable. The special joint was then broken, and the liquid was 
distilled, solid carbon dioxide-ether being used as refrigerant, into 
tubes B x , B 2 , and B a ; M was then filled to the requisite level and 
removed; next, B 4 , B 5 , B 6 , and B 7 were filled and removed in the 
order indicated, and, the major portion of the residual liquid having 
been distilled into N, which was drawn off, B s was filled and removed. 

in charging the critical-temperature tubes was 
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to fill them with liquid and then distil back to the main bulk until the 
desired quantity remained in the tube, the final sealing being done 
without arrest in the backward flow of vapour. It could thus be 
reasonably presumed that the tubes contained only the slightest 
trace of air, if any at all. 

Silicon tetrachloride . The material used was the head fraction of 
silicon tetrachloride obtained from the second vacuum distillation of 
the U.S.A. sample (see Robinson and Smith, J., 1926, 1272) and 
was considered of sufficient purity for immediate use. A train 

Fig. 2. 



Elevation and Section 
through AB. 


similar to Fig. 1 was employed. A head fraction of 2 c.c. was first' 
taken in N, tubes B v B 2 , B s , and B 4 were successively filled and 
removed, and then M was filled. As described elsewhere (Mills and 
Robinson, foe. cit) 9 when M had received sufficient liquid a fracture 
occurred in the special joint of L and this vessel was at once drawn 
off at X, the apparatus was immediately attached to the pump at 
B s , rapidly evacuated, and sealed off above this point, after which M 
was removed. This unfortunate accident rendered it impossible to| 


fill further tubes. 

Critical-temperature Apparatus and Phenomena.—Appcvrcdw* [ 33bigi 
was a modification of that of Hackspill and Mathieu 
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1919, 25,482). A cylinder of copper (Fig. 2), 5 cm. X 27 cm., with 
a central hole 11 mm. in diameter and two other holes 7 mm. in 
diameter and reaching almost to the bottom, was constructed for us 
in the Department of Engineering by the courtesy of Prof. C. J. 
Hawkes. The metal between the outer and the central holes was 
2 mm. at the thinnest parts. A window, 4 cm. high and the width 
of the central hole, was cut completely through the metal about 
10 cm. from the top. This window was closed by thick sheets of 
colourless mica, bound in position by means of copper wire. The 
critical-temperature tube was placed in the central hole, and rested 
on a length of glass rod at a height convenient for observation. 
The thermometers were similarly supported in the side holes, so that 
the bulbs were level with the middle of the critical-temperature tube, 
correction for exposed stem being made when necessary. The 
apparatus with the tube and thermometers in position was placed 
inside a heater (kindly lent to the authors by Dr. L. A. Sayce) con¬ 
sisting of a sheet-copper cylinder 22 in. X 6 in., fitted on opposite 
sides with vertical glass windows 1 in. wide, and heated by a spiral 
winding of nichrome wire insulated from the copper by a layer of 
asbestos board. The bottom was well lagged and a lid of several 
thicknesses of asbestos board closed the top. This arrangement, 
used with suitable external resistances, was found to change the 
temperature of the metal cylinder very slowly and uniformly, while 
tests made by changing the thermometers from hole to hole showed 
that under the conditions prevailing during the experiments, 
a difference in temperature of less than ± 0*1° was to he expected in 
the three positions. 

Phenomena , Young (Phil Mag 1906, 20, 803) and Travers and 
Usher ( Ptoc. Roy . Soc 1906, 78, 247) seem to have found the 
phenomena attending the change of state susceptible of much 
sharper!observation than did Hackspill and Mathieu (loc. oil), who 
.state that it is difficult to observe the critical phenomena to less 
than ± 1 '0°. The presftit authors, in common with most observers, 
have taken the temperature recorded at the appearance of the 
meniscus in the cloud during the change from vapour to liquid as the 
critical temperature. This phenomenon was observed against a 
bright backgrounds and as there was an easily perceptible change 
during a fall of 0-2% it is probable that the individual readings for 
identical conditions of the cloud were within ± 0*1° of the actual 
temperature. This is probably much beyond the constancy to be 
expected in the temperature at which identical appearances occur 
: in sepals exferim^its. Tubes filled to the extent of one-third 

iix-b3xe'tabl©. - : 
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Liquid. 

Tube. 

Successive observations at same heating. 

Mean. 



178*8° 

178*7° 

178*7° 

178*7° 

■Rffl 

I b 4 

178-9 

178*9 

178*8 

178*9 


1 B * 

178-7 

178*7 

178*7 

178*7 


IB, 

178*9 

178*8 

178*7 

178*8 


f c 3 

233*5 

233*5 


233*5 

SiCl 4 

\ 0 8 

233*6 

233*5 

233*5 

233*5 


lc 4 

233*9 

233*8 

233*8 233*6° 233*6° 233*5° 

233*7 


The results for boron trichloride do not indicate any real difference 
from tube to tube, and give a mean value 178*8° ± 0*2°, but they 
do show that there is a tendency for the value to fall if the material 
is maintained at or about the critical temperature for some time. 
Two days before the determinations for B 2 given above, the tube 
was accidentallyheated to 210° and then gave two successive results 
of 178-4°. There is some reason to suppose that the regular 
differences in the critical temperature observed in successive 
heatings, although not much greater than the probable experi¬ 
mental error, may in fact be real. If so, it appears that heating the 
liquid to a higher temperature causes a depression of the critical 
temperature which may be due to a change in the physical pro¬ 
perties of the liquid, but which, in the opinion of the authors, is not 
caused, in the case of a compound such as boron trichloride, by 
thermal dissociation. Similar differences are shown in the case of 
silicon tetrachloride, particularly in tube C 4 . The mean value of the 
critical temperature is 233-6° ± 0-2°, which is rather higher than 
that due to Mendeleev (be. tit.). 

University op Durham, Armstrong College, 

Newcastle-tjpon-Tyne . [Received, Avgust 5th, 1927.] 


CCCXCVII .—The Complex Cyanides of Molybdenum. 

By William Ralph Bttcjknall and William Waedlaw. 

Special interest is attached to the complex cyanides of molyb¬ 
denum and tungsten, R 4 Mo(CN) 8 and R 4 W(GN) 8 , for few cyanides 
of quadrivalent elements exist, and complex cyanides are known 
only in isolated casesX Moreover, these complex salts represent 
well-substantiated example^of a co-ordination number of 8, and 
the exceptional stability of the complex ions [Mo(CN) $ ] ,// ' and; 
[W(CN) 8 ]'"' finds a satisfactory explanation in the modern ele% ; 
tronic theory of valency. tFndoubtedly this marked stability fe 
intimately associated with the fact that the cyanide una% 
regularly distributed round a central metallic atomy 
effective atomic number—in,the case of molybde 


" tungsten, 86—-is that of the next higher inert ga^/ 
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The abnormal behaviour of these complex cyanides on oxidation 
with acid permanganate has been the subject of much theoretical 
speculation. Unlike the majority of compounds containing molyb¬ 
denum and tungsten, which on oxidation with acid permanganate 
are converted into the sexavalent condition, these complex cyanides 
pass only to the quinquevalent state. In order to dispel any doubt 
as to the correctness of formulating the complex tungsten cyanide, 
K 4 W(CN) 8 , as a derivative of quadrivalent tungsten, Olsson (JSer., 
1914, 47, 917; Z. anorg. Chem., 1914, 88, 49) showed that on 
complete oxidation with ammoniacal silver salt solution, two 
atoms of silver separated for each molectde of the salt oxidised. 
Further convincing proof of the extent of oxidation by acid per¬ 
manganate was the isolation of compounds of the type R 3 W(CN) 8 
from the oxidised solution of K 4 W(CN) 8 . Olsson was unsuccessful, 
however, in isolating the corresponding molybdenum type, 
R 3 Mo(CN) 8 . By taking special precautions, this has now been 
done, and not only have salts of this series been prepared, but also 
the complex acid H s Mo(CN) 8 ,3H 2 0 has been isolated. It is also 
hoped to show that a satisfactory explanation of the abnormal 
oxidation by acid permanganate is forthcoming from a consideration 
of the electronic theory of valency. 

In researches on the complex cyanides of the type R 4 Mo(CN) 8 , 
Rosenheim and his co-workers (Z. anorg . Cfiem., 1909, 65, 166; 
1907, 54, 97) prepared derivatives where R was replaced by 
equivalent proportions of cadmium, thallium (univalent), man¬ 
ganese, pyridmium, and the ammines of silver, copper, and nickel. 
The methods of preparation and the compositions of the silver, 
copper, thallous, and ammino-silver compounds have been re¬ 
examined, confirming Rosenheim's data, whilst the isolation of the 
new insoluble, dark green ammino-copper salt, fCu(NH 3 ) 3 ] 2 Mo(CN) 8 , 
and the dark blue, soluble complex salt, [Ou en 2 ] 2 Mo(CN) 8 , affords 
interesting examples of copper exhibiting co-ordination numbers 
of 3 and 4. In addition, a study of the so-called red and blue 
cyanides of quadrivalent molybdenum has been made, and a bright 
brick-red, insoluble compound, which is probably the complex acid 
H[Mo 0 2 (CN) 2 ,2H 2 0], has been prepared by the action of con- 
• centrat^^^ on ; .K 4 Mo(ON) 8 . 

Experimental. 

Salts of the Type K 4 [Mo(CN) 8 ],—From the reaction of potassium 
cyanide ■with, the complex chloride of tervalent molybdenum, 
KaMoQg, CMesotti ( Qazzetta, 1904, 34, ii, 493) obtained a yellow, 
crystalline salt of the composition K 4 Mo(CN) 8 ,2H 2 0, in which he 
f assumed that the molybdenum was quadrivalent. The same 
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compound was isolated later by Rosenheim and Koss (Z. anorg. 
Chem 1906, 49, 148) from the interaction of a derivative of quin- 
quevalent molybdenum, (NH 4 ) 2 [MoOCl 5 ] or Mo(OH) 2 (GNS) 3 (C 5 H 5 N) 2 , 
and potassium cyanide. Conductivity data (ibid,, 1907, 54, 97) 
established that the ionisation was in accordance with the formula 
K 4 [Mo(CN) 8 ], whilst Collenberg (ibid., 1922, 121, 298) has con¬ 
firmed Olsson’s results, which indicated the quadrivalency of the 
central atom. 

Tetrapotasskm Molybdenum Oclacyanide .—The method of Chile - 
sotti (he. cit.) was used. One part by weight of K 3 MoC 1 6 and 
2 parts of potassium cyanide were intimately mixed and 6 parts of 
water added in small portions, during about 2 hours. The solution 
was raised to boiling point and concentrated on a water-bath, 
whereby yellow crystals were obtained. These were separated from 
the mother-liquor and extracted with small quantities of hot water, 
and the solution was filtered and allowed to crystallise. Further 
purification was obtained by redissolution in a little water and 
precipitation by alcohol with rapid stirring. The small, golden- 
yellow crystals thus prepared were very pure. 

Analysis. It was found necessary to destroy the complex anion 
completely before the molybdenum could be precipitated 
titatively. The general method used was to digest the comcP 0Un d 
with boiling concentrated sulphuric acid for some time, dilute the 
mixture, make it alkaline with ammonia, and then add rcolourless 
ammonium sulphide solution and acid as previously described (J., 
1924, 125, 1911). Unfortunately, large quantities ammonium 
sulphate have to be eliminated in the potassium estimation [Found : 
Mo, 19*2; K, 31*2; C, 19-3; FT, 22-8. Calc, for K 4 >M^)s,2H 2 0 : 
Mo, 19*4; K, 31*5; C, 19*4; N, 22*6%]. v . 

The compound, which is readily soluble in wa j0er > producing a 
yellow, slightly alkaline solution, is decomposed ^either by dilute 
acids nor by alkalis. Concentrated sulphuric at^ * s required^to^ 
effect complete decomposition. It is light-sensitive (Collenberg, 

Z . anorg . Chem., 1924,136, 245), but not to such an extent as the 
analogous compound of quinquevalent molybder.' ;Uin * -A detailed 
account of its properties is given by Chilesotti (fcc; c ^*)* 

Tetrasilver Molybdenum Oetacyanide .—Silver nit^t® solution was 
added to a solution of K 4 Mo(CN) 8 , and the yello/ silver salt which 
separated was washed with water and dried in a vacuum desiccator 
[Found : Ag, 58*3; Mo, 12*9. Calc, for Ag 4 M>(CN) 8 : Ag, 5M |g 
Mo, 13*0%]. On being warmed with ammonia/^' 0*88),;this'sfly^» 
salt dissolved, and concentration of the solutio^ ove 5 sulphuric 
yielded a yellow, crystalline compound insoW®! 6 • water*? ; JSmH 

was kept over concentrated Sulphuric acid uay ^ ree 
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of ammonia [Found: Ag, 54-5; Mo, 12*1; NH 3 , 6*3, Calc, for 
Ag 4 (NH 3 ) 3 Mo(CN) 8 : Ag, 54*8; Mo, 12*2; NH 3 , 6*4%]. 

TetrathaUous Molybdenum Octacyanide .—This salt was prepared 
by adding the theoretical amount of a solution of thallous nitrate 
to a concentrated solution of K 4 Mo(CN) 8 , evaporating the mixture 
to small bulk, filtering, and allowing the salt to crystallise. The 
orange-yellow crystals obtained were washed with water and dried 
on a filter-paper. 

Analysis. The substance was boiled with concentrated sul¬ 
phuric acid until the solution was nearly colourless. On diluting 
it, making it alkaline with ammonia, and adding colourless am¬ 
monium sulphide solution, thallous sulphide was precipitated, 
which was washed with ammonium sulphide solution and filtered 
off. Molybdenum was estimated in the usual way in the filtrate 
and washings. The thallous sulphide was dissolved in dilute 
nitric acid, the solution evaporated to dryness, and potassium iodide 
added to an aqueous solution of the residue, precipitating thal¬ 
lous iodide, which was washed by decantation with potassium 
iodide solution, collected, and treated with alcohol to remove any 
potassium iodide [Found: Tl, 72*3; Mo, 8*6. Calc, for TLMo(CN).: 
2172-8; Mo, 8*5%]. 

1 Ttej compositions of this salt and of the corresponding silver salt 
F indicate that water of crystallisation, which is present in many of 
these complex cyanides, is not an essential constituent of the 
co-ordination complex, 

Dicupric^olybdemm Octacyanide .—This was prepared by double 
decomposition of the potassium complex cyanide with copper 
sulphate sohi&on, The precipitate, was coagulated by boiling, 
washed with waster, and dried in a vacuum desiccator; it was then 
dark purple. . 

Analysis. Thfe substance was heated with concentrated sul- 
phuric acid unti/1 a nearly colourless solution resulted; this was 
diluted and madje just alkaline with sodium hydroxide, excess of 
sodium sulphide! solution added, and the whole boiled for a .few 
minutes to ensure all the molybdenum being present as the soluble 
thiomolybdate, j The precipitated copper sulphide was filtered off, 
washed with sodium sulphide solution, then with hydrogen sulphide 
water, dried, and-gently ignited. The residue, after being moistened 
with pure nitric acid and reheated, was weighed as copper oxide. 
The molybdenum in the filtrate and washings was precipitated as sul- 
phidebythe addition of dilute sulphuric acid, filtered off, andignited 

5 “Pound : Mo, 22-1; Cu, 29-7. Calo. for Cu 2 Mo(CN)„: 
Mo,22-3; Cu,29-5%]. 

Hexamminodicupr ic Molybdenum Octacyanide.—'Bj treatment of 
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the above copper salt with concentrated ammonia solution, Rosen¬ 
heim (Z. anorg. Chem. 3 1907, 54, 97) obtained a dark green ammino- 
compound to which he assigned the formula Cu 2 (NH 3 ) 4 Mo (CN) 8 ,7H 2 0. 
By the use of a similar method, a new ammino-copper derivative 
has been obtained. On addition of ammonia (d 0-88) to the purple 
Cu 2 Mo(CN) 8 , the colour changed to bright green. On warming, the 
solid dissolved, producing a dark green solution from which, after 
filtration and standing over sulphuric acid, dark green crystals 
separated, which were insoluble in water but could be recrystallised 
from ammonia solution (ca, 10 N), The substance was washed 
with water and dried in a vacuum over sulphuric acid, whereupon 
the colour # became a lighter green {Found: Mo, 17*8; Cu, 24*1; 
NH 3 , 19-4. [Cu(NH 3 ) 3 ] 2 Mo(CN) 8 requires Mo, 18-0; Cu, 23-9; 
NH 3 , 19*1%}. Treatment with acid removes the ammonia and 
precipitates the purple Cki 2 Mo(Cbr) 8 . 

Tetraethylenediaminodicupric Molybdenum Octacyanide—The 
purple Cu 2 Mo(CN) 8 (1 mol.) was mixed with ethylenediamine 
hydrate (4 mols.) and well shaken. A blue substance formed 
immediately and was recrystallised from water, in which it gave a 
deep bluish-purple solution. After being dried over sulphuric acid, 
the new salt was deep blue, readily soluble in warm water, and easily 
decomposed by dilute acids, Cu 2 Mo(CN) 8 being precipitated {Found : 
Cu, 18-8; Mo, 14*3 ; N, 33*5. [Cu(en) 2 32 Mb(C]S[) 8 requires Cu, 19*0; 
Mo, 14*3; N, 33*4%}. 

Conductivity measurements at 25° indicated, as would be ex¬ 
pected from the formula, a maximum of 3 ions in very dilute 
solutions. 


Dilution (litres per mol.).. 155 310 620 1240 

ju, .... 78-5 104*3 134*4 166-2 


For comparison, the values of the molecular conductivities of 
typical salts at 25° are given: 

Dilution (litres per mol.) .. 128 256 612 1024 

NaCl ..... 113 115 117 *18 

"K a S0 4 .. . .... 246 257 265 273 


In the more concentrated solutions, the molecular conductivity 
is even less than that required for a typical binary electrolyte, but 
at higher dilutions, although less than that demanded by a ternary 
electrolyte, it exceeds that of the binary electrolyte. 

' In the complex kations containing copper, it is possible to assi^x . 
to the copper co-ordination numbers of 2, 3, and 4, but with IpeJ 
silver salt [Ag 4 (!NrH 3 ) 3 ]Mo(ClSI’) 8 it is difficult to discern ^any^s^fe| 
factory co-ordination number for the silver atom. / t'i f-cWm 
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to a solution of K 4 Mo(CN) 8 which had been as fully oxidised as 
possible with acid permanganate. Thereby he obtained a reddish- 
brown precipitate obviously different from the yellow Ag 4 Mo(CN) 8 . 
By decomposition with potassium chloride solution, this reddish- 
brown silver salt gave a yellow liquid which could no longer be 
oxidised by permanganate. From this solution, green crystals of a 
copper salt were obtained, again distinct from the purple Cu 2 Mo(CN) 8 . 
The yellow liquid readily decomposed on warming or on exposure to 
light, yielding molybdic acid, hydrocyanic acid, and K 4 Mo(CN) 8 , 
and probably contained the salt K 3 Mo(CN) 8 . It appeared that this 
potassium salt could be satisfactorily isolated only in the absence 
of light. 

Trisilver Molybdenum Octacyanide .—A solution of K 4 Mo(CKT) 8 
was oxidised with acid permanganate until a faint pink colour 
remained. Excess of silver nitrate was then added, the resulting 
reddish-brown precipitate was washed repeatedly by decantation 
with water, and then dried in a vacuum. This substance was 
contaminated with manganese dioxide from the decomposition of 
the permanganate in the presence of the silver ions; by working 
with dilute solutions of both K 4 Mo(CN) 8 and permanganate, 
however, the amount of dioxide produced was small. The reddish- 
brown precipitate was triturated with a little potassium chloride 
solution (insufficient for complete decomposition), and the yellow 
solution was filtered and again treated with silver nitrate solution- 
Any slight amount of chloride in the yellow solution is precipitated 
by the silver 1 nitrate before the reddish-brown silver complex 
cyanide. Therefore, silver nitrate solution was carefully added 
until a faint brown precipitate was obtained, the solution again 
filtered, and the pure reddish-brown salt obtained by the addition 
of excess silver nitrate solution to the filtrate. The compound was 
washed with cold water and dried in a vacuum over phosphoric 
$ oxide. 1 

Analysis. The silver was estimated as chloride by boiling the 
compound with concentrated sulphuric acid, diluting the solution, 
and adding either dilute hydrochloric acid or potassium chloride 
solution, The molybdenum was estimated in the usual w r ay 
[Found: Ag, 51*3; Mo, 15<2; N, 17*6. Ag 3 Mo(CN) 8 requires 
5 Ag, 51*6; Mo, 15*2; N, 17*7%]. 

n Tripotassium Molybdenum Octacyanide**— The silver salt, 
Ag^Mo(CN) 8 , was triturated with insufficient potassium chloride 
solution for complete decomposition. The filtered yellow solution, 
which contained no chloride, was concentrated in a vacuum desic- 
over phosphoric oxide, whereupon yellow needles were 
, obtained., These operations were carried out in a dark room with a 



2987 


THE COMPLEX CYANIDES OF MOLYBDENUM. 


red light, and the solid was preserved in a desiccator covered with 
black paper. In daylight, the yellow crystals turned reddish-brown 
[Found: Mo, 22*4; N, 26-4; K, 28-2. K 3 Mo(CN) 8 requires Mo, 
22*8; N, 26-6; K, 27*8%]. Because of its sensitivity to light, 
conductivity measurements were not carried out on the new complex 
cyanide. By addition of copper sulphate solution to the yellow 
solution of the new salt, a grass-green precipitate was obtained, 
which, after a few minutes 5 exposure to light, turned purple. 

Trihydrogen Molybdenum Octacyanide. —The yellow solution, 
produced by triturating the complex silver salt with a little dilute 
hydrochloric acid and filtering, was saturated with hydrogen 
chloride at the temperature of an ice-salt mixture. A reddish- 
orange substance separated, which was possibly an addition com¬ 
pound of hydrogen chloride with the required complex acid. This 
was filtered off and dried in a vacuum over potassium hydroxide 
and phosphoric oxide, and thereby became orange-coloured and free 
from hydrogen chloride. The new solid gave a yellow, aqueous 
solution, from which silver and copper salts precipitated the char¬ 
acteristically coloured complex cyanides of quinquevalent molyb¬ 
denum. The same compound is obtained if the yellow solution 
is concentrated in a vacuum over potassium hydroxide and phos¬ 
phoric oxide, without saturation with hydrogen chloride. In either 
case, all operations must be conducted in the absence of light. The 
new acid is extremely deliquescent [Found: Mo, 26*7; N, 31*1. 
HgMo(GN) 8} 3H 2 0 requires Mo, 26*6; N, 31*0%]. 

In order to confirm the constitution of the substance and to 
demonstrate its freedom from hydrogen chloride, a solution of the 
complex acid was treated with silver nitrate solution, all the molyb¬ 
denum being thereby precipitated as AggMo(CN) 8 . This precipitate 
was washed free from silver nitrate, and excess of potassium chloride 
solution added. The Ag 3 Mo(CN) 8 was thereby converted quan¬ 
titatively into silver chloride, which was washed and weighed. Any 
hydrogen chloride in the original substance would also have been 
precipitated as silver chloride. 0*2164 G. of the new acid, con¬ 
taining 26*7% of Mo, gave 0*2606 g. of AgCl; hence Mo : AgCl = 
1 : 3*02, proving also the absence of hydrogen chloride from the 
complex acid. 


The Abnormal Oxidation of the Complex Cyanides . 

On the basis of the electronic theory of valency, an explanation 
is now available of the abnormal behaviour of the complex cyanides 
of molybdenum on oxidation with acid permanganate, 
of the valency of the molybdenum in K 4 Mo(CN) 8 through; 
with acid permanganate involves the consumption < 
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valent of oxygen for each molecule of salt oxidised, from which one 
would conclude that the molybdenum was quinquevalent, since 
the usual end-product would be expected to contain sexavalent 
molybdenum. This, however, does not agree with the formula of 
the compound, in which the molybdenum must be quadrivalent. 
That, by complete oxidation with acid permanganate, the molyb¬ 
denum in K 4 Mo(CN) 8 is oxidised from the quadrivalent to the 
quinquevalent condition, is now clearly shown by the isolation of 
the complex salts ■EJMo(QN) 8 from the fully oxidised solution of 
K 4 Mo(CN) 8 . Ephraim (“Inorganic Chemistry/' English transl., 
1926, p. 280), commenting on this exceptional oxidation, says: 
“It is not easy to see the explanation of this anomaly, but it is 
possible that the metal atom is surrounded by voluminous radicles 
which are fairly firmly attached." A much more satisfactory 
explanation is forthcoming from a consideration of the effective 
atomic number of the central atom in the various complex salts 
involved in the preparation of the complex cyanides. The salt 
K 4 Mo(CN) 8 is normally prepared by the interaction of potassium 
cyanide with complex compounds of either tervalent or quinque- 
vaient molybdenum. In the former case the reaction may be 
conveniently formulated as K 3 MoC 1 6 + 8KCN + £H 2 0 -f £0(air)= 
K 4 Mo(CN) 8 4- 6KCH + KOH. The instability of the intermediate 
K 3 Mo(CN) 6 —a salt as yet unisolated—which reverts to the stable 
E 4 Mo(CN) 85 can be readily appreciated when it is seen that the 
effective atomic number of the molybdenum is only 61, whereas in 
the stable compound it is 54. In the preparation from the complex 
' chlorides of quinquevalent molybdenum, B 2 MoOCl 6 , the importance 
of the effective atomic number of the molybdenum in K 4 Mo(CN) 8 
again emphasised. The reaction may be considered as occurring 
: 

V-‘ K^MoOCljj + 5KCN = K a MoO(CN) 6 + 5KC1 
+ 3KCN + H 2 0 = K 3 Mo(CN) 8 + 2KOH 
| ■ ' ■ 17;' 2K*Mo(CN) 8 + 2KOH = 2K 4 Mo(CN) 8 + H 2 0 + 
[compare 2K*Efe(CN) 6 + 2KOH = 2K 4 Fo(CN} 8 + H 2 0 + JO s ] 

The instability of the salt K^MoCKCN^ follows as a consequence 
of the low effective atomic number, viz., 49, of the molybdenum 
atom, whilst the formation of K 4 Mo(CN) 8 from K 3 Mo(CN) 8 involves 
a change of an effective atomic number of 63 to 64—a clear proof 
of the influence of an inert-gas structure in determining chemical 
stability. The inability to oxidise K 4 Mo(CN) 8 to the salt KgMofON^ 
of sexavalent molybdenum, with an effective atomic number of 52, 
is not surprising in view of the experimental evidence that 
K 3 Mo(CN) 8 functions as an oxidising agent in order to revert to 
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the more stable K 4 Mo(CN) 8 . This change, as has been previously 
mentioned, is readily brought about by light or by the action of 
heat. Further evidence of the instability of the system [Mo(CN) 8 ]"' 
is seen in the rapidity with which, in light, the green complex salt 
Cu 3 [Mo(CN) 8 ] 2 reverts to the purple Cu 2 [Mo(CN) 8 ]. Oxidation to 
the sexavalent condition is realised only by complete decomposition 
of the complex anion. When the complex salt K 4 Mo(CN) a is 
oxidised by ammoniacal silver nitrate, the molybdenum is converted 
into the trioxide. 


The Red and the Blue Cyanides of Quadrivalent Molybdenum. 

Just as the yellow cyanide, K 4 Mo(CN) 8 , results from the reaction 
of potassium cyanide with salts of tervalent and quinquevalent 
molybdenum, so by adjusting the proportion of the reactants so that 
1 g.-mol. of the salt of quinquevalent molybdenum reacts with 
4 g.-mols. of potassium cyanide, a red cyanide is obtained, which 
may be formulated as either [Mo(OH) 4 (CN) 4 ]K 4 ,#H 2 0 or 
[Mo0 2 (CN) 4 ]K 4 , (x -f 2)H 2 0. Moreover, by use of excess potassium 
cyanide the red will revert to the yellow salt in accordance with 
the equations 

[Mo(OH) 4 (CN) 4 ]R 4 + 4RCN = [Mo(CN) 8 ]R 4 + 4ROH, 
[Mo0 2 (CN) 4 ]R 4 + 4RCN = [Mo(CN) 8 ]R 4 + 2R a O. 

By strong dehydration over sulphuric acid, or by cautious heating, 
these red cyanides become blue; their aqueous solutions also are 
blue. Addition of potassium hydroxide in sufficient concentration 
to the blue aqueous solution results in the reprecipitation of the red 
cyanide* The addition of alcohol to the blue aqueous solution 
causes the precipitation of a blue solid, which, after being dissolved 
in water and reprecipitated several times, has a composition for which 
various formulas have been proposed. Two in particular may be 
noted: MoO 2 ,4KC0Sr,5H 2 O and Mo(OH) 2 (CW) 2 ,3KCN. These show 
the quadrivalency of the molybdenum, but indicate the possibility 
that quite different blue complex cyanides exist. With the object 
of investigating the reasons for these striking colour changes, samples 
of the red and the blue cyanides were prepared and examined. 

The Red Cyanides ,—By the reduction of an acid solution of 
molybdenum trioxide with potassium iodide, removal of the excess 
iodine, and subsequent treatment with potassium cyanide and 
hydroxide, Heide and Hofmann (Z. anorg. Chem 1896, 12, 277) 
obtained red crystals to which they assigned the formula ^ : 

4KCN,MoO 2 ,10H 2 O. ^ vJ 

Rosenheim, Garfunkel, and Kohn (ibid., 1910, 65, 
similar compound by treating (NH^^oOQlg or 
Mo(OH) 2 (CNS) 3 (C 5 H 5 N) 3 
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—salts of quinqnevalent molybdenum—with potassium cyanide, 
and subsequently adding potassium hydroxide. The method used 
by the present authors followed that of Pochard ( Com/pi . rend 
1894,118, 804), who dissolved molybdenum pent oxide in potassium 
cyanide solution, and precipitated the red crystals by the addition 
of solid potassium hydroxide to the blue solution. 

300 C.c. of a solution of molybdenum trioxide (10%) in hydro¬ 
chloric acid (3 N) were electrolysed in a diaphragm cell for 2 hours 
(1 amp,; 8 volts) and concentrated at ca. 70° to a very small bulk. 
On careful addition of very concentrated potassium hydroxide 
solution, the brown hydroxide of quinquevalent molybdenum was 
obtained. On addition of the theoretical amount of potassium 
cyanide (54 g.) as a saturated solution, the hydroxide slowly dis¬ 
solved, producing a blue solution, which was filtered and concen¬ 
trated under diminished pressure at ca. 70° to a small bulk (30— 
40 c.c.). Red crystals were deposited on addition of solid potassium 
hydroxide to this blue solution. By means of a little water and 
then alcohol, the crystals were freed from potassium hydroxide. 
They are stable towards dilute mineral acids, but appear to be de¬ 
composed by organic acids, such as salicylic or oxalic acid, although 
no definite compounds could be obtained. In the presence of concen¬ 
trated potassium hydroxide, the crystals exhibit a bright red colour, 
but as the hydroxide is removed the colour becomes bluish-red. 

Analysis. An aqueous solution of the substance was oxidised 
with hydrogen peroxide and made alkaline with ammonia, and 
colourless ammonium sulphide was added. Addition of dilute 
sulphuric acid precipitated the molybdenum as sulphide, which was 
ignited and weighed as trioxide. The potassium in the filtrate was 
. weighed as sulphate {Found : Mo, 19-3; K, 31*1; C, 9-9; H, 2*4; 
> N, 11-5. Calc, for K 4 [Mo(OH) 4 (CN)J,4H.,0: Mo, 19*3; K, 31*4; 
H, 24; N, 11-3%}. 

Even when the crystals did not contain any free potassium 
hydroxide, their aqueous solution gave an alkaline reaction with 
V'i phenolphthalein, suggesting hydrolysis. This view is supported 
by the conductivity data, which indicate that, even at 1°, more than 
5 ions are present in dilute solutions. The table gives the value of 
{x for various dilutions v (as litres per moL). 

: v . 23 5 47 94 ; 188 

. %nm 298*4 320*6 342*3 

(compare this vol., p. 516, Table IV, for conductivities of typical 
salts a£ 1°). 

Molecular-weight Determinations ,—The molecular weight was 
determined by the depression of the freezing point of air-free 
water. ' ' 
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G. of substance Cone. (mol. per Osmotic 

per 100 g. water, 1000 g. water). factor. 


0-7136 0-01440 5-16 

1*517 0-03560 5*06 

2-636 0-05314 4-85 


Apparent 
mol. wt. 
96-2 
97*9 
102-6 


These results indicate the correctness of a formulation which 
requires 5 ions, but they also show that slow hydrolysis takes place 
in dilute aqueous solution. 

The Blue Cyanides .—An aqueous solution of the red cyanide was 
treated with alcohol, whereby a blue precipitate resulted. The 
mother-liquor was alkaline to phenolphthalein, indicating that by 
the conversion of the red into the blue cyanide, potassium hydroxide 
was removed. The blue solid was redissolved in water and re- 
precipitated with alcohol ; these operations were repeated until 
the mother-liquor from the precipitation was no longer alkaline. 
Thereby a blue substance was obtained {Found: Mo, 22-5; K, 
28-0; C, 11-5; 1ST, 13-1. K 3 [Mo(0H) 3 (CN) 4 ,H 2 0],2H 2 O requires 
Mo, 22-7; K, 27-8; C, 11-3; N, 13*3%}. 

The aqueous solution of this compound was alkaline to phenol¬ 
phthalein, and with potassium cyanide yielded the yellow K 4 Mo(CN) 8 . 
The blue substance was prepared several times by the above method 
and always had the same composition. The formulation given 
above was in accordance with the results of molecular-weight and 
conductivity determinations, which indicated that 4 ions were 
present in solution but that gradual hydrolysis also took place. 


Molecular-weight Determinations . 

G. of substance Cone. (mol. per Osmotic 

per 100 g, water. 1000 g. water). factor. 

0-6618 0-01554 4-25 

1-235 0-02898 4-23 


Apparent 
mol. wt. 
99-3 
99-7 


v 


Molecular-conductivity Determinations, at 1°. 

.... 35-5 71 142 284 

....198-8 215-5 232-8 250-0 


The Relationship of the Red and the Blue Cyanides.—The fact that 
the red cyanide becomes blue on dehydration and yet yields a blue 
aqueous solution seems to depend on the equilibrium 
K 4 [Mo(OH) 4 (CNU4H 2 0 ^ 

K 3 [Mo(OH) 3 (0N) 4 ,H 2 0],2H 2 O + KOH + &,0. 


It was noticed that the red colour of the complex cyanide is attained 
only in the presence of concentrated potassium hydroxide, and 
that on removal of this free alkali the pure complex salt becomes, 
bluish-violet. It appears probable, therefore, that on dehydration; 
, and.on.'dissolution in water, a .decomposition 
ance with the above equation. A co-ordination 
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the molybdenum atom in the red cyanides seems indicated by the 
fact that on cautious dehydration over sulphuric acid or at 100° 
they retain 2 mols. of the associated water, suggesting the formula 
R 4 [Mo0 2 (CN) 4 ,2H 2 0]aq. or R 4 [Mo(OH) 4 (CN) 4 ]aq. 

Brick-redy Insoluble Molybdenum Cyanide .—Chilesotti ( Gazzetta , 
1904, 34, ii, 493) noticed that the oxidation of the yellow quadri¬ 
valent cyanide by means of concentrated nitric acid resulted in the 
separation of a brick-red, insoluble compound, which he did not 
further examine. 

When K 4 Mo(CN) 8 was heated with even dilute nitric acid (ca. 
6N) in a test-tube, this compound was obtained pure, but when the 
experiment was made, in an open dish, varying amounts of molybdie 
acid were formed. The brick-red compound was washed with cold 
water, in which it was but slightly soluble, and dried in a desiccator 
over sulphuric acid. 

Analysis . The substance was heated with pure sulphuric acid 
until the solution was colourless, and the molybdenum precipit¬ 
ated as previously described {Found : Mo, 43*8; N, 12*8; C, 11*0; 
H, 1*8. H[Mo 0 2 (CN) 2 ,2H 2 0] requires Mo, 44*2; N, 12*9; C, 11-0; 
H, 2*3%}. 

Valency. A solution of the substance in dilute aqueous ammonia 
was made acid with sulphuric acid and titrated with permanganate. 
On the assumption that the molybdenum in the compound has a 
valency of 5, the theoretical content of molybdenum calculated 
from the titration is 44*8%. By gravimetric means it was found to 
be 43*8%. Hence the molybdenum is quinquevalent. 

The solid is soluble in hot water, giving a yellow solution. It is 
much more readily soluble in ammonia or alkalis, suggesting an 
acidic structure. In view of this, it is probably correctly formulated 
as above. 

This new derivative is of interest as indicating that on oxidation 
the quinquevalent molybdenum still persists as a complex anion, 
but that on oxidation to the sexavalent state complete disruption 
of the complex ion takes place, a fact which is in complete agreement 
with^the theoretical considerations previously advanced to explain 
v the abnormal oxidation of the yellow complex cyanides. 

; The authors wish to express their thanks to the Department of 
! Scientific and Industrial Research for the award of a grant to one 
of them (W. R. B.), and to the Chemical Society and the University 
of Birmingham Research Committee for grants in aid of this 
invest%ation. 

•. : ^ or* Eibmikqhah:, 

^5^ .^>obastok.; ■ .£ ££$$^0 *^'October Uth, 1927,] '• 
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CCCXCVIIL —Equilibrium Diagram of the System 
Thallium-Phosphorus . 

By Qasim Ali Mansubi. 


The system thaHium-phosphorus has not hitherto been investigated. 
Thallium was prepared as previously described by the author (J. 
Inst . Metals, 1922, 28, 453); its purity was 99*5%, the chief im¬ 
purity being iron (less than 0*3%). Merck’s pure red phosphorus 
was repeatedly boiled with water and then showed a content of 
99*91%. 

Preparation of Alloys .—Molten thallium alloyed readily with 
phosphorus, and the action was more marked above 400°. When 
more than 2*5% of phosphorus had been added, the alloys separated 
into two layers, the upper one being dark and brittle, and the lower 
layer soft. The dark substance was readily oxidised to phosphoric 
acid on being exposed to the air. 

Thermal Analysis .—To avoid oxidation of the mixtures, they 
were prepared in hard-glass tubes from weighed quantities of thallium 
or the alloy and not more than 1 g. of free phosphorus at a time. 
The tubes were then evacuated and sealed and the cooling curves 
were obtained by applying the hot junction of a nichrome-con- 
stantan couple to the outside of the tube, contact being made more 
intimate by means of fireclay . The tubes were packed in sand in an 
iron tube about If inches in diameter and 1 foot in length, the whole 
being heated in an electrical tube furnace. The molten alloy was 
thoroughly mixed by repeatedly tilting the furnace, and the cooling 
curves were then taken. 

A suspended mirror galvanometer and scale were used for taking 
temperatures, the rate of cooling being about 8° per minute at high 
temperatures and about 5° per minute below 300°. Half-minute 
readings gave the following thermal arrests from which the equili¬ 
brium diagram was constructed. 


Alloy P, % by 
Ho. weight. 


Thermal arrests. 


Thermal arrests. 


0-00 
0* 17 
0*38 
0-87 
2-00 
2 50 
5*00 
6*08 


h 

■2. : 

Alloy P, % by 
No. weight. 

1 . 


— 

303 p 

9 

10*00 

416° 

303° 

328° 

302 

10 

15*00 

418 

298 

352 

303 

11 

20*00 

412 

300 

396 

290 

12 

31*40 

420 


410 

296 

13 

35*00 

476 

456 

412 

296 

14 

38*75 

520 , 

500 

418 

302 

15 

41*20 

528 

506 

416 

296 

16 

43*90 

546 

520 


Alloys containing from 2-5% to about 27%-^ v |iqi^^i|; 
two layers, the lower layer being practically p*Rr;*§f'“ 
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freezing at the melting point of that metal. Thallium, therefore, 
does not seem to dissolve any of the upper layer at its melting point. 
The upper layer freezes at about 420°. In alloys containing more 
2-5% of phosphorus, the two layers may dissolve in each other 
at higher temperatures than 420°. An attempt was made to find 
at what temperatures the two layers dissolved in each other 


Fig. 1. 



10 20 30 40 50 60 


Composition: phosphorus, %. 

Bguilibnum diagram of the system thallium-phosphorus. 

by heating the alloys to definite temperatures above 420° and 
chilling them, but a considerable pressure was developed and the 
tubes burst. However, an alloy containing about 0*2% of phos¬ 
phorus was heated to 350° and chilled; although this burst in water, 
a small piece was obtained which, on being polished, was found to be 
1 ,: uniform, showing that in this alloy the two layers wore miscible at 
about 350°. The solubility of the two layers in each other is there- 
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fore dependent upon the temperature. A short dotted line has been 
drawn on the left side of the diagram to indicate this solubility. 

Composition of the Alloys .—As most of the alloys were not homo¬ 
geneous, they were not analysed, but their compositions were de¬ 
duced from the weights of the constituents in the tubes. The upper 
dark layer, which was brittle, could be separated by powdering; it 
contained 314—31-5% of phosphorus. The lower layer contained 
no phosphorus. The thallium was estimated as described by the 
author (loc. pit .), and the quantity of phosphorus was found by 
difference. 

Conclusions . 

1. Up to 45% of phosphorus, thallium and phosphorus alloyinall 
proportions. 

2. They form a homogeneous substance, X, containing about 
'314% of phosphorus and melting at about 420°. At this temper¬ 
ature, about 8% of this substance dissolves in thallium, to give an 
alloy containing 2*5% of phosphorus. Owing to the low solubility 
of X in thallium, the alloys separate into two layers, the upper layer 
being X and the lower layer a solution of a small quantity of X in 
thallium. On cooling, thallium gradually loses all the X dissolved 
in it and freezes at its melting point. 

3. Quantities of phosphorus in excess of 314% dissolve in X and 
form solid solutions, which freeze at temperatures above 420° and over 
a temperature range. The phosphorus mayexist asyellowphosphorus 
in these alloys, for they take fire when rubbed on emery paper. 

4. The substance X tends to dissociate into its constituents at 
all temperatures, and a high pressure is therefore necessary for its 
formation; owing to this high pressure, the solubility curve of X in 
thallium could not be studied. 

Aligarh Muslim University, 

Aligarh, India. [Received , May 23 rd f 1927.] 


CCCXCIX .—An Auto-poisoning Phenomenon shown 
by Catalytically Active Copper at Moderate 
Temperatures. 

By Frederick Hurn Constable. 


The author has previously shown (this vol., p. 1578) the extent to ; 
which sintering by heat treatment reduces the surface area and 
catalytic activity of copper, and has also provided definite evidence 
that the “ centres of activity ” collapse 
the constituent atoms becomes sufficient. 


when the. kinetic energy. 
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of the active surface is now well recognised, and the present paper 
shows how the active centres may be rendered inactive during the 
catalysis of a chemical change, even when precautions are taken that 
the reactant is quite pure, and that the temperatures are below those 
at which sintering of the centres occurs in a vacuum, in spite of the 
fact that the reaction proceeds with the absorption of heat. 

When a copper catalyst is used to dehydrogenate alcoholic 
substances at temperatures above 280°, it is found that the activity 
decays with time. Measurements have been made on the variation 
of activity with time, and on the effect of temperature on the rate of 
decay. The catalyst is stable when heated alone to the temperature 
used, so the poisoning is due to the interaction of the copper and the 
alcohol. It has been shown that the method of preparation of the 
catalyst does not alter the temperature at which the effect becomes 
noticeable, though it seems to have a considerable influence on the ■ 
rate of poisoning, the rate of decay of the preparation from copper 
oxalate being about 5 times greater than that of copper reduced from 
oxide at the same temperature (Proc. Boy, Soc ., 1926, A, 110, 297, 
Mg. 2, curve 5, and Fig. 5). 

Expekimental. 

The ethyl alcohol was twice refluxed with lime, distilled through a 
Dufton column, and collected in a receiver fitted with a phosphorus • 
pentoxide guard tube; it had b, p. 78*30° ± 0*01°/760 mm. The 
apparatus used has already been described (Proc. Carnb. Phil . Soc,, 
1925, 22, 739). The initial stages of the reaction were always 
studied, and the rate of flow of the alcohol was regulated so that the 
concentration of the aldehyde over the catalyst was never greater 
than 1%. The amount of copper used as a catalyst had to be 
decreased as the temperature of experiment was increased. The 
rate of poisoning at constant temperature is not dependent on the 
rate of passage of the alcohol vapour when this exceeds a definite 
limiting value, and is therefore not dependent on the small con¬ 
centration of the aldehyde in the vapour above the catalyst. 

The reaction tube was filled with carbon monoxide at the constant 
temperature at which the decay of activity was to be measured, and 
the copper oxide thereby reduced. Blank experiments were made 
with water vapour instead of alcohol in order to determine the 
magnitude of the correction which had to be applied on account of 
the displacement of carbon monoxide from the reaction tube in the 
initial stages of the reaction. The correction was very large in the 
first few minutes after the bulk of the gas had suddenly been dis¬ 
placed by the admission of the vapour stream. It was found that a 
current of steam produced by the vaporisation of 1*28 c.c. of water 
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per minute would take about 10 seconds to pass the glass valve B 2 
(Proc, Gamb . PUL Soc. } loc. cit., Fig. 1), and during this time the 
valve condensed the gas stream and was being warmed; then 
followed a very rapid evolution of gas from the reaction tube, lasting 
about 25 seconds, which stopped suddenly when the vapour stream 
reached the condenser K. The gas which had escaped removal by 
diffusion was then evolved at a continually decreasing rate, which 
was carefully measured; the readings so obtained are in Table I, 

Fig. l. 

Decay curves at 270—350°. 


{The catalyst was produced by reduction at the temperature of experiment, 
the amount being varied.) 



Time (mins 


the time from the commencement being given in minutes, and the 
rate of evolution in c.c. per minute. This correction was applied to 


Table I. 


Time ......... 5 10 15 20 25 30 35 

Bate .. 0*80 0*45 0-33 0*30 0*22 0*20 0*18 


all the measurements made, but owing to variations in this quantity 
with the rate of flow the magnitude of the correction in the period 
0—5 minutes is subject to considerable uncertainty. The measur^^ 
ments are thus somewhat untrustworthy except when the. 
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velocity is large, and if the activity is short-lived the precise form of 
the curve may be doubtful, e.g. 9 at 400°. 

Procedure .—The alcohol stream was turned on, and 20 seconds 
were allowed for the time taken by the gas stream to reach the 
copper, and hence for the commencement of the reaction. The gas 
burette T was read every 30 seconds in the first 5 minutes, and then 
every minute until the activity became inappreciable. The corrected 


Fig. 2. 


Decay curves at 375—400°. 



results of the experiments are shown in Figs. 1 and 2, and the frac¬ 
tional reaction velocities during each decay are given with the 
corresponding temperatures in Fig. 3. The value of the initial 
activity was obtained by extrapolation of the measurements in the 
very early stages of the poisoning. 

Examination shows that the data f ollow neither a simple logarith¬ 
mic law nor a reciprocal law. The initial logarithmic rate of decay, 
d log v[dt = 1 [v .{dvjdt)^ is considerably retarded as the time pro¬ 
ceeds. One typical set of observations at 350° is given in Table II, 
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Table II. 


Time . 0 10 20 30 40 50 60 

Velocity. 29-0 18-0 10*7 8-3 6-6 4*8 3-6 

Time .. 70 80 90 100 110 120 130 

Velocity.. 2*7 2-0 1*8 1-5 1*3 1*1 1*0 


the time being in minutes, and the reaction velocity in c.c. of hydro¬ 
gen (reduced to N.T.P.) evolved per minute. 

It is thought that these data may represent a particular case of the 
selective poisoning of a distribution of centres of activity, and the 

Fig. 3. 



20 40 60 80 100 120 140 

Time (mins,.). 


question is still under investigation. In the absence of definite 
knowledge of the law of decay, the time required for the velocity 
five minutes after the commencement to fall to one-tenth of its 
value has been used as a measure of the rate of poisoning at various 
temperatures; these times (in mins,), as read from the curves, are 
shown in Table III. 

Table III. . 

Variation of Bate of Poisoning with Temperature. 

Temp, 280° 300° 330° ' '350° ' 375° -'390°'V.' 

Time ... ... Very large'* 200 90 65 SO •; M-y-l 
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The rate of poisoning increases rapidly with the temperature, and 
is so fast that it can hardly be observed above 400°. 

Laboratory of Physical Chemistry, 

Cambridge. [ Received , November 8th , 1927.] 


CCCC. — Substitution Products of 3 -Nitro- and 3 -Amino- 

diphenyl . 

By William Blakey and Harold Archibald Scarborough. 

The study of the orientation of substituents in 2-amino- and in 
4-ammo-diphenyl and in their acetyl derivatives (J., 1926, 557; 
this vol., pp. 89, 1133) has now been extended to a consideration 
of the substitution products of 3-nitro- and of 3-amino-diphenyl. 
The inclusion of 3-nitrodiphenyl in the scope of the work makes it 
possible to compare the behaviour of the three possible mononitro- 
diphenyls as well as the three monoaminodiphenyls. 

The chlorination of 3-nitrodiphenyl took place readily in the 
presence of a powerful catalyst and at moderately high temper¬ 
atures, The product was a mixture of compounds, containing one 
to four atoms of chlorine per molecule, the composition of which 
depended on the temperature and the duration of the chlorination. 
From these mixtures, 4'-chhro-, 2': 4'-dichloro -, a'iri- and a tetra- 
chloro-3-nitrodiphenyl were isolated. Isomeric mono- and di¬ 
chlorination products could not be isolated from the semi-solid 
matter deposited on slow evaporation of the crystallising media. 
A structure has not been assigned to the higher chlorination pro¬ 
ducts, although the evidence indicated that 2': 4': 5-triehloro- 
and 2': 4'; 5 ; 6'-tetrachloro-3-nitrodiphenyl had been isolated. 
The possibility that a chlorine atom was substituted in the 2-, 4-, 
or 6-position seems to be excluded, since piperidine did not react 
with either of these compounds (compare Le F&vre and Turner, 
this vol., p. 1113). 

3-Nitrodiphenyl on bromination yielded i'-bromO’S-mirodiphenyl 
as the sole product. The introduction of a second bromine atom 
could not be effected under the most drastic conditions. 

The nitration of 3-nitrodiphenyl in fuming nitric acid solution 
yielded a mixture of 3 : 4'- and 2': 3-dinitrodiphenyl. Further 
nitration, in sulphuric acid solution, of each of these isomerides led 
to the same product; and since this product on treatment with 
piperidine yielded 2': 3 ; 4'-triidtro-4-piperidinodiphenyl (Le Fevre 
and Turner j J., 1926,2041), it must have the structured': 3 :4: 4'- 
tetmnitrodiphenyh Attempts were made to prepare a trinitrodi- 
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phenyl, but the product proved to be a mixture which could not 
be separated into its constituents. 

The direct chlorination of 3-aminodiphenyl in glacial acetic acid 
and in carbon tetrachloride solution gave black, resinous masses 
which were not further investigated. 3-Acetamidodiphenyl, how¬ 
ever, gave a stable 'N-chloroamine which could be converted, on 
treatment with alcohol and acetic acid, into 4-chloro-3-acetamido- 
diphenyl. The same product was obtained by direct chlorination 
of 3-acetamidodiphenyl in glacial acetic acid solution. An unstable 
A-chloroamine was obtained by treating 4-chloro-3-acetamidodi- 
phenyl with sodium hypochlorite; the evolution of free chlorine 
from this compound may be taken as an indication that a second 
chlorine atom cannot be introduced into either nucleus by the 
indirect method. 

Bromination of the free base in carbon tetrachloride solution 
yielded 4c-bromo-3~aminodiphenyl hydrobromide and after prolonged 
treatment 2:4: (>4ribromo-%-aminodiphenyl . In acetic acid solution 
bromination of the free base gave a quantitative yield of 2 :4 : 6- 
tribromo-Z-aminodiphenyl. Under the usual experimental con¬ 
ditions, 3-acetamidodiphenyl did not yield an A-bromoamine. 
Direct bromination of the acetyl derivative in glacial acetic acid 
solution at the ordinary temperature gave a nearly quantitative 
yield of 4-frromo-3- acetamidodiphenyl ; in the presence of excess 
bromine and at 100—120°, 4: %-dibromo-d-acetamidodiphenyl .was 
obtained. Higher bromination products did not appear to be 
formed. 

On nitration of 3-acetamidodiphenyl in a mixture of glacial 
acetic acid and acetic anhydride at 70°, 4:-nitro-3-acetamidodiphenyl 
was isolated in an approximately 50% yield; the residue was a 
viscid oil from which a crystalline compound could not be obtained. 
Nitration of 3-acetamidodiphenyl and of 4-bromo-3-acetamidodi- 
phenyl in fuming nitric acid solution yielded 4:'-nitro-3-acetamido~ 
diphenyl and 4-6romo-4' -nitro-Z-acetamidodiphenyl, respectively. 

A comparison of the results obtained on the introduction of a 
further substituent into the isomeric mononitrodiphenyls shows that 
there is a great similarity of behaviour. Thus in each case further 
substitution takes place in the 2'- or the 4 / -position of the unsub- 
stifcuted nucleus. Bromination yields one product only, the bromine 
atom entering the 4'-position, and further bromination cannot be 
effected (compare Turner and Le F&vre, J., 1926, 2041). The 
nitration of each of the isomerides yields two dinitrodiphenyls, the 
entering group substituting in the 2'- or the 4'-position. The 
relative proportion in which these isomerit 
to vary with the position of the nitro-group 


les are formed:;. ; ^|^i|s|| 




3002 BLAKEY AND SCABBQBOUGH : SUBSTITUTION PBODUCTS 

3-nitrodiphenyl yields a much higher percentage of a product 
substituted in the 4'-position than does 4-nitrodiphenyl (compare 
Bell and Kenyon, J., 1926, 2705). The formation of 2': 3 : 4 : 4'- 
teirmiitrodiphenyl , in almost quantitative yield, by the further 
nitration of 2': 3- and of 3 : 4 / -dinitrodiphenyl is of considerable 
interest, since compounds having this orientation of their sub¬ 
stituents may be obtained from widely different starting points; 
thus 4-bromo-2 / -nitro-, 4-bromo-4'-nitro-, and 4:4'-dibromo-di- 
phenyl yield products of this type on nitration. 

A comparison of the substitution products of the isomeric mono- 
aminodiphenyis shows that bromination can be carried out pro¬ 
gressively until each position in the op-relationship to the amino- 
group has been substituted. The ^-position to the amino-group is 
not necessarily the first position to be attacked, as will be seen from 
a comparison of 2- and 3-aminodiphenyl. 

The acetyl derivatives of the three bases form stable Y-chloro- 
amines which may be converted into nuclear-substituted compounds, 
but in each case one chlorine atom only may be introduced by this 
method. Direct halogenation of the acetyl derivatives cannot be 
carried as far as in the case of the free bases, one position in the 
ring containing the acetamido-group resisting substitution. 

The product isolated on nitration of any of the acetyl derivatives 
in fuming nitric acid solution or in solution in a strong mineral 
acid is one substituted in the 4'-position, whereas the product 
isolated on nitration in acetic acid solution is one substituted in 
the ring containing the acetamido-group. 

4-Acetamidodiphenyl appears to differ from its isomerides in 
that bromination in the 4'-position can take place without previous 
substitution in the 3-position. 

In a previous communication (J., 1926, 557), tentative rules for 
the orientation of substituents in the diphenyl series were proposed. 
The increased data now available show that but little modification 
of those rules is needed. It was assumed that the linkage between 
the two nuclei of diphenyl was of such a nature that either phenyl 
group, like all other hydrocarbon residues, acted as a negative 
(op-directive) group. It now seems well established that the 
directive power of the phenyl group is appreciably less than that 
due to the acetamido-group, but is greater than that due to chlorine 
or bromine. 

The directive power of the groups C 6 H 4 X and C 6 H 3 XY depends 
on the nature of the substituents X and Y : when X or Y inhibits 
further substitution in the nucleus in which it occurs, the directive 
power of the group as a whole will be decreased, and this decrease 
becomes more marked when X or Y is a positive group. 
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Experimental. 

3 -Nitrodiphenyl. —Bamberger’s method (Ber. } 1896, 29, 446; see 
also Jacobsen, Ber., 1903, 36, 4083; Gomberg, J. Amer. Chem. 
Boc., 1924, 46, 2339; 1926, 48, 1372), slightly modified, was found 
to be the most economical for the preparation in bulk. A paste 
of 50 g. of m-nitroaniline and 80 c.c. of concentrated hydrochloric 
acid ;was treated with a solution of 35 g. of sodium nitrite in 100 c.c. 
of water. Frothing was diminished by the addition of thiophen- 
free benzene, the volume of which was made up to 300 c.c. on com¬ 
pletion of the reaction. This mixture was made alkaline with a 
15% solution of sodium hydroxide (ca. 300 c.c., added drop by 
drop) and then acidified with glacial acetic acid. The whole series 
of operations was carried out below 5° and with vigorous stirring. 
The semi-solid mass was heated on the water-bath for 30 minutes, 
the sodium acetate removed, and the benzene layer separated from 
the aqueous layer and treated with benzene-light petroleum (b. p. 
40—60°) to precipitate tar. The clear liquid was decanted, con¬ 
centrated to about one-tenth of its bulk, and treated with light 
petroleum so long as tar separated. The clear liquid was decanted, 
washed with dilute sodium hydroxide solution and with water, and 
dried over fused sodium sulphate. The sodium acetate and the 
tars were boiled with light petroleum, and the extract was worked 
up in the same manner as for the main yield. The 3-nitrodiphenyl 
crystallised from alcohol in pale yellow needles (yield, 10—12 g.), 
m. p. 62°. 

4' -CMoro-3-nitrodipkenyl was prepared by passing dry chlorine 
into a mixture of 10 g. of 3-nitrodiphenyl and 1 g. of ferric chloride, 
heated at 80°, until the gain in weight was 2 g.; or by passing 
chlorine into a 10% solution of 3-nitrodiphenyl in carbon tetra¬ 
chloride in the presence of a trace of iodine and keeping the solution 
for several days. The product after repeated crystallisations from 
methyl alcohol separated in fine, white needles, m. p. 89° (Found : 
Cl, 14*9. C 12 H 8 0 2 NC1 requires Cl, 15*2%). 

4'- Ghloro^acetamidodiphenyl .—5 G. of 4 / -chloro-3-nitrodiphenyl 
in 50 c.c. of alcohol were refluxed with 25 g. of stannous chloride 
in 25 c.c. of concentrated hydrochloric acid for 6 hours and the 
mixture was then cooled and rendered alkaline with 30% sodium 
hydroxide solution* The base, isolated by means of ether, was 
treated with excess of acetyl chloride in pyridine solution. The 
product crystallised from methyl alcohol in needles, m. p. 184° 
(Found: Cl, 14-6. C 14 H 12 0NC1 requires Cl, 14*45%). 

By the hydrolysis of the acetyl derivative with alcoholic hydro¬ 
chloric acid A*'Moro-Z-aminodiphenyl was obtained. It separated 
from methyl alcohol in large needles, m. p. 82° (Found: 
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C 12 H 10 NC1 requires Cl, 17*45%), and on oxidation with chromic 
anhydride in glacial acetic acid solution yielded p- chlorobenzoic 
acid (m. p. 240°). 

2': 4'-DicMoro-Z-nitrodiphenyl was obtained when dry chlorine 
was led into a mixture of 5 g. of 3-nitrodiphenyl and 1 g. of ferric 
chloride, heated at 100°, until the gain in weight was 2 g. The 
product was extracted with methyl alcohol and crystallised re¬ 
peatedly from this solvent or from dilute acetic acid. It separ¬ 
ated in needles, m. p. 115° (yield, 2—3 g.) (Found: Cl, 26*35. 
C 12 H 7 0 2 NCl 2 requires Cl, 26*5%). 

On reduction of the dichloro-compound with alcoholic stannous 
chloride solution in the presence of a large amount of concentrated 
hydrochloric acid, extraction of the free base, and acetylation, 
2': 4 : 4ricMoro~3-acetamidodiphenyl was obtained. It separated 
from dilute methyl alcohol in needles, m. p. 170° (Found : C, 53*6; 
H, 3*15. C 14 H 10 ONC1 3 requires C, 53*4; H, 3*2%). 

2': 4 : 4'-TricMoro-Z-aminodiphenyl was obtained on hydrolysis 
of the acetyl derivative. It separated from dilute methyl alcohol 
in needles, m. p. 105° (Found : Cl, 38*9. C 12 H 8 NC1 3 requires Cl, 
39*1%). 

Oxidation of the base with chromic anhydride in glacial acetic 
acid solution yielded 2 :4-dichlorobenzoic acid (m. p. 161°). The 
introduction of the chlorine atom into the molecule during the 
reduction of the nitro-compound would lead to a product sub¬ 
stituted in the ring containing the amino-group (compare Blanksma, 
R ec. trav. chim 1906, 25, 365; Scarborough and Waters, this vol., 
p; .80); thus to the nitro-compound may be assigned the structure 
2': 4 , -dichloro-3-nitrodiphenyl. 

Trichloro~%-nitrodiphenyl was obtained together with mono- and 
di-chloro-derivatives when chlorine was passed into a mixture qf 
3-nitrodiphenyl and ferric chloride at 100° for some hours. The 
product was extracted with acetone and repeatedly crystallised 
from this solvent or from benzene. It separated in needles, m. p. 
211°. The yield was less than 20% of the theoretical (Found: Cl> 
35*2. C 12 H 6 0 2 NC1 3 requires Cl, 35*2%). 

Tetmchloro-S-nitrodiphenyl was obtained when the chlorination 
was carried out at 120°. The product was extracted with acetone 
and recrystallised from this solvent repeatedly. It separated from 
alcohol as a matted mass of fine needles, m. p. 175° (Found : Cl, 
42*5. C^HgOaNCl* requires Cl, 42*2%). 

4' -Bromo-2-nitrodiphenyL —5 G. of 3-nitrodiphenyl were ground 
into a paste with 0*5 g. of ferric chloride, and 7 g. of bromine added. 
After the mass had cooled, water was added and the whole heated 
on the water-bath for 30 minutes. The product separated from 
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alcohol in plates, m. p. 95° (yield, almost theoretical) (Found : Br, 
28*85. C 12 H 8 0 2 NBr requires Br, 28*8%). 

4' -Bromo-S-aminodiphenyl was obtained on the reduction of the 
nitro-compound with stannous chloride in alcoholic hydrochloric 
acid solution. It separated from dilute alcohol in needles, m. p. 
105° (Found : Br, 31*95. C 12 H 10 NBr requires Br, 32*2%). 

On acetylation of the base in pyridine solution 4:'-bromoS-acet- 
amidodiphenyl was obtained. It separated from alcohol in needles, 
m, p. 193° (Found : Br, 27*55. C^H^ONBr requires Br, 27*75%). 
The base on oxidation with chromic anhydride in glacial acetic acid 
solution yielded p-bromobenzoic acid (m. p. 252°). 

2:4:4': Q-TetrabTomo-Z-dmifiodipJi&nyl. —2 G. of the mono- 
bromo-base and 5 g. of fused sodium acetate were dissolved in 50 c.c. 
of acetic acid. Excess of a 10% solution of bromine in acetic acid 
was added and the mixture gently warmed. The product, which 
separated on pouring into water, crystallised from alcohol in needles, 
m, p, 104° (Found: Br, 66*2., C l2 Hy]SfBr 4 requires Br, 66*0%). 
On oxidation, in glacial acetic acid solution, with chromic anhydride, 
bromine was liberated and p-bromobenzoic acid (m. p. 251°) was 
isolated. Three bromine atoms must therefore be in the same ring 
as the amino-group, and the structure assigned depends partly on 
the direct bromination of 3-aminodiphenyl (see p. 3007). 

3 : 4 r *Dinitrodiphenyl. —A solution of 15 g. of 3-nitrodiphenyl in 
250 c.c. of nitric acid (d 1-5) was kept over-night. The product, 
which separated when the mixture was poured into water, was 
digested with 500 c.c. of boiling methyl alcohol, the suspension 
allowed to cool, and the solid separated. It crystallised from 
acetone in pale yellow needles which melted, alone or mixed with 
the product of deamination of 3 :4'-dinitro-4-aminodiphenyl (com* 
pare Scarborough and Waters, this vol., p. 1139), at 189°. Yield, 

11—12 g. 

%': 3-Dinitrodiphenyl was obtained on evaporation of the methyl 
alcohol used for the digestion of the crude nitration product. It 
separated from dilute acetic acid in white plates, m. p. 120° (com¬ 
pare Cain, J., 1912, 101, 2298). Yield, 5—6 g. (Found : N, 11*5. 
Calc.; N, 11*5%), The structure of the compound was determined 
in the following manner : 2': 3-Dinitrobenzidine (Le Fevre and 
Turner, J., 1926, 1759) was deaminated by grinding it to a paste 
with concentrated sulphuric acid, adding a little water and an excess 
of finely powdered sodium nitrite, followed by alcohol, and boiling 
the suspension under reflux for 30 minutes, The alcohol was parity 
removed and the dinitrodiphenyl separated. Crystallised froh$j 
methyl alcohol and then from dilute acetic acid, it 
alone or mixed with the product of direct nitration# 
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2': 3 :4 : 4 '-Tetrcmitrodiphenyl was prepared by dissolving 2*5 g. 
of either 2 ': 3- or 3 :4'-dinitrodiphenyl in 60 c.c. of concentrated 
sulphuric acid and adding gradually 3 g. of finely ground potassium 
nitrate. The solution was kept over-night and then poured on 
crushed ice. The tetranitro-compound crystallised from methyl 
alcohol in pale yellow cubes, m, p. 173° (Found : C, 43*35; H, 1*8; 
N, 16*8. C 12 H 6 0 8 N 4 requires C, 43*1; H, 1*8; N, 16*75%). When 
it was warmed with an excess of piperidine for 5 minutes, and the 
solution poured into dilute hydrochloric acid, 2': 3 :4'-trinitro- 
4-piperidinodiphenyl separated; this crystallised from methyl 
alcohol in deep scarlet prisms, m. p. 143° (Found: C, 55*05; H, 
4*4; N, 15*2. Calc.: C, 54*85; H, 4*3; N, 16-1%). 

Z-Aminodiphenyl .—A hot solution of 20 g. of 3-nitrodiphenyl in 
200 c.c. of alcohol was added in portions to a solution of 120 g. of 
stannous chloride in 120 c.c. of hydrochloric acid, and the mixture 
refluxed for 4 hours. The tin double salt, which separated after 
removal of a part of the alcohol, was decomposed with 30% sodium 
hydroxide solution and the base was isolated by means of ether 
and distilled twice under diminished pressure (yield, 75%), b. p. 
195°/15 mm., m. p. 30°. 

3-Acetamidodiphenyl, prepared by refluxing a solution of the 
base in twice its weight of glacial acetic acid for 6 hours, separated 
from dilute alcohol in needles or small plates, m. p. 149°. 

N- Chloro-%-acetamidodiphenyl .—10 G. of the acetyl derivative 
were suspended in a solution of 13 g. of sodium bicarbonate in 
200 c.c. of water, and 150 c.c. of IV'-sodium hypochlorite added drop 
by drop with vigorous stirring. After 12 hours, the product was 
filtered off. It crystallised from light petroleum in masses of small 
needles, m. p, 87° (Found : available Cl, 14* 1. C 14 H 12 0NC1 requires 
A 14*4%). 

4:-GMoro-Z-acetamidodiphenyL —(a) Conversion of ihe chloroamine . 
The chloroamine was dissolved in alcohol and a few c.c. of acetic 
acid were added; the solution was refluxed for 30 minutes. The 
product separated from dilute alcohol in plates, m. p. 148°. 

'■■■.(b) Direct chlorination of Z-acetamidodiphenyl Chlorine diluted 
with carbon dioxide was passed into a 2% solution of the acetyl 
derivative in acetic acid and in the presence of fused sodium acetate. 
After the theoretical gain in weight had been obtained, the solution 
was kept for some hours and then poured into water. The product, 
precipitated as a gum, after repeated crystallisations from methyl 
alcohol, separated in plates, m. p. 148° (Found: Cl, 14*5. 
C 14 H 12 0NC1 requires d, 14*4%). 

On hydrolysis of the acetyl derivative with 10% alcoholic hydro¬ 
chloric acid 4’Chloro-Z-aminodiphenyl hydrochloride was obtained. 
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It separated from dilute hydrochloric acid in needles, m. p. 247° 
(decomp.) (Found: HC1, 1545; total Cl, 294. C 12 H 10 NCLHC1 
requires HC1, 15*2; Cl, 29*6%). 

The decomposition of the salt with dilute aqueous ammonia gave 
a viscous oil which could not be obtained in a pure state. The salt 
was converted by the usual methods into 3 :4-dichlorodiphenyl 
(m. p. 46°), and this compound on oxidation with chromic and 
acetic acids yielded 3 : 4-dichlorobenzoie acid (m. p. 198°). 

4z-Bromo-Z-acetamidodiphenyl. —5 G. of 3-acetamidodiphenyl and 
5 g. of fused sodium acetate were dissolved in 50 c.c. of acetic acid 
and treated with 45 c.c. of a 10% solution of bromine in acetic 
acid. After 1 hour, the mixture was poured into water; the pre¬ 
cipitate obtained crystallised from dilute alcohol in plates, m. p. 
163° (Found: Br, 274. C 14 H 12 ONBr requires Br, 27*55%). On 
hydrolysis with 10% alcoholic hydrobromic acid, the base was 
obtained as a dark oil which decomposed on distillation under 
diminished pressure and separated as an oil from the usual solvents. 
The crude amine was converted, by the usual methods, into 3 : 4-<te* 
bromodiphenyl, a faintly yellow oil, b. p. 215°/15 mm. (Found: 
Br, 51*0. C 12 H 8 Br 2 requires Br, 51*2%). On oxidation with 
chromic and acetic acids 3 :4-dibromobenzoic acid was isolated 
(m. p. 228°). 

4 : 6-Dibromo-3-acetamidodiphenyl. —A solution of 5 g. of 3-acet¬ 
amidodiphenyl and 15 g. of sodium acetate in 100 c.c. of acetic 
acid was refluxed and treated with 12 g. of bromine in portions. 
The product, which separated as a gum when the mixture was 
poured into water, crystallised from methyl alcohol in needles, 
m. p. 149°. The yield was some 50% of the theoretical, the residue 
being a gum (Found: Br, 43*55. C 14 H n ONBr 2 requires Br, 
43*35%). 

On hydrolysis of the acetyl derivative with alcoholic hydrobromic 
acid, the free base was obtained as a dark oil. This was converted 
into 2 : 4-dibromodiphemjl, a faintly yellow, viscid oil, b. p. 235°/ 
15 mm. (Found: Br, 49*9. C 12 H 8 Br 2 requires Br, 51*2%). On 
oxidation with chromic and acetic acids 2 :4-dibromobenzoic acid 
(m. p. 169°) was isolated. The symmetry of the molecule prevents 
a definite proof of the 4: 6-structure; but from steric considerations 
it is more probable than the 2 : 4-structure. 

4z-Bromo-%-aminodiphenyl Hydrobromide .—5 G, of 3-aminodiphenyl 
were dissolved in carbon tetrachloride and treated with 50 c.c. of a 
10% solution of bromine in the same solvent. The precipitated 
hydrobromide was filtered off and triturated wit 
of bromine solution. It separated from dilute 
in needles, m. p. 255° (decomp.) (Found: 


h a fresh quantity 
hydrobromic 
Total 
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C 12 H 10 NBr,HBr requires Br, 48*65%). The structure was deter¬ 
mined by liberating the base with dilute aqueous ammonia and 
subsequent acetylation, 4-bromo-3-acetamidodiphenyl (m. p. 163°) 
being obtained. 

2:4: 6-Tribromo~3~aminodiplienyL—{&) 5 G. of 4-bromo-3-amino- 
diphenyl were dissolved in 100 c.c. of carbon tetrachloride and 
treated with 3*5 g. of bromine. The product was separated, sus¬ 
pended in fresh carbon tetrachloride, and treated with 3 g. of 
bromine. The solid product crystallised from alcohol, containing 
a little ammonia, in small needles, m. p.'141°. (b) 5 G. of 3-amino- 
diphenyl and 20 g. of fused sodium acetate were dissolved in acetic 
acid and treated with 180 c.c. of a 10% solution of bromine in 
acetic acid. After 1 hour the product was precipitated by pouring 
the mixture into water (Bound: Br, 58-85. C 12 H 8 NBr 3 requires 
Br, 59*1%). 

On oxidation of the base with chromic anhydride in glacial acetic 
acid solution, bromine was liberated and the molecule completely 
destroyed. 

2:4: Q-Tribromodiphenyl was obtained from the amine by the 
usual methods. It crystallised from methyl alcohol in needles, 
m. p. 64° (Found : Br, 61*7. C 12 H 7 Br 3 requires Br, 61*4%). Since 
oxidation with chromic anhydride caused complete decomposition, 
no definite proof can be given that the third bromine atom enters 
the 2-position; from a comparison with the behaviour of 2 : 4 : 4': 6- 
tetrabromo-3-aminodiphenyl, however, it may be reasonably 
assumed that all three bromine atoms are in one nucleus. 

4:-Nitro~S~acetomidodiphenyL —A solution of 5 g. of 3-acetamido- 
diphenyl in a mixture of 30 c.c. of glacial acetic acid and 10 c.c. 
of acetic anhydride was heated to 70°, a solution of 1*5 c.c. of 
nitric acid (d 1*5) in 5 c.c. of acetic acid added drop by drop, and 
the temperature maintained for a further 30 minutes. The product, 
precipitated as a gum when the mixture was poured on ice, was 
extracted at once with alcohol, from which it separated in silky, 
pale yellow needles (yield, about 50%), m. pi 115° (Found: N, 
11*1. requires N, 10*95%). 

On hydrolysis of the acetyl derivative with 10% alcoholic hydro¬ 
chloric acid, ^nitro-^amiTtodiphenyl was obtained. It separated 
very slowly from dilute alcohol in orange needles, m. p. 116° (Found : 
N, 13*0, C 12 H 10 O 2 N 2 requires N, 13*1%). The base on deamin¬ 
ation yielded 4-nitrodiphenyl (m. p. 114°). 

—5 G. of 3-acetamidodiphenyl were 
dissolved in 100 c.c. of nitric acid {d 1*5) at 0°. After 15 minutes, 
the mixture was poured on ice, and the product, a gum, filtered off. 
After repeated crystallisations from alcohol, it separated in pale 
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yellow needles, m. p. 192° (yield, about 40%) (Found: N, 11-0. 
Ci4H 12 0 2 N 2 requires N, 10*95%). 

The acetyl derivative on hydrolysis yielded 4c r -nitro-3-aminodi'* 
phenyl , which separated from alcohol in long, orange needles, m. p. 
137° (Found: N, 12-95. C 12 H 10 O 2 N 2 requires N, 13-1%), and on 
oxidation with chromic and acetic acids yielded p-nitrobenzoic acid 
(m. p. 238°). 

4:-BromoA'-nitro-Z-acetamidodiphenyl .—A solution of 5 g. of 
4-bromo~3-acetamidodiphenyl in 100 c.c. of nitric acid (d 1-5) was 
kept for 20 minutes and then poured on ice. The product was 
immediately extracted with methyl alcohol, from which it separated 
slowly, on dilution, in yellow needles, m. p. 158° (yield, about 40%) 
(Found : NT, 8-4. C 14 H n 0 3 N 2 Br requires N, 8*35%). 

By the hydrolysis of this acetyl derivative with 10% alcoholic 
hydrochloric acid, k-bromo-k’-nitro-S-aminodiphenyl was obtained. 
It separated from dilute methyl alcohol in red needles, m, p. 145° 
(Found : N, 9*7. C 12 H 9 0 2 N 2 Br requires N, 9*55%). The base on 
oxidation with chromic anhydride yielded p-nitrobenzoic acid (m. p. 
238°). 

The authors beg to thank the Chemical Society for a grant from 
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CCCCL —Derivatives of Methyl 2: 2-Dimethylcyolo- 
pentan-Z-one-l~carboxylate . 


By Charles Stanley Gibson, Kelvoi Venkatakbishna 
and John Lionel Simonsen. 


It was shown recently that when methyl 2:2: 3-trimethylcycZo- 
hexan-4-one-1 -carboxylate (I) (J., 1925, 127, 1294; this vol., 
p. 77) was brominated it yielded the dibromo-ester (II) and that this 
ester on treatment with alkali gave together with other products the 
hydroxyketo-acid (III) and the dibasic hydroxy-acid (IV). 


CH a -CO-OHMe CBr a -CO-CHMe COC(OH):CMe H0-C(C0 2 H)’9HMe 


CH ss *CH*GMe 2 CH 2 -OH-CMe 2 Cf^-CH-CMe,, CH 2 -OH~CMe a 
COjjMe CO a Me CO a H CO^H 

(i.) (n.) (m.) (iv.) 

It has appeared to us of interest to investigate whether 
2 :2-dimeth^lojolopentan-3-one-l-carboan/late (V) would ou t 
with bromine and alkali behave in a similar manner,; 
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dibromo-ester (VI), the hydroxyketo-acid (VII) and a dibasic 
hydroxy-acid (VIII). The latter acid would be of particular 
importance, being the hydroxy-acid related to norpinic acid (IX), 
the synthesis of which has still to be effected. 

QMe 2 ~CO--CH 2 9Me 2 ~CO~9Br 2 9Me 2 —CO“9HBr 

CH(C0 2 Me)-CH 2 CH(C0 2 Me)-CH 2 CBr(C0 2 Me)*CH 2 

(V.) (VI.) (VIA.) 

9Me 2 ~COH>OH 9Me 2 -~9(0H)-C0 2 H 9Me 2 -9H*CO a H 

CH(C0 2 H)'CH CH(C0 2 H)-CH 2 GH(C0 2 H)-CH 2 

(VII.) (VIII.) "(IX.) 

2 : 2-DimethylcycZopentan-3-one-l-carboxylic acid was prepared 
by Perkin and Thorpe (J., 1904, 85, 138), and by a modification of 
their process we have devised a method for obtaining it in excellent 
yield. When the methyl ester was brominated in acetic acid solution 
a crystalline dibromo-ester was obtained which is probably best 
represented by formula (VI); it is, however, not impossible that, in 
accordance with Wallach’s views ( Annalen , 1918, 414, 296), the 
correct representation is by formula (VIa), and this will be further 
discussed below. This ester was readily acted upon by alkali, the 
main product of the reaction being a crystalline acid, C 8 H 10 O 4 , 
m. p. 150—152°. There can be no doubt that this acid is represented 
by formula (X) for the following reasons : it gives a deep brown 
coloration with ferric chloride in aqueous solution and its alkaline 
solution is immediately oxidised by potassium permanganate; 
further, when oxidised with dilute nitric acid, it yields a mixture of 
dimethylmalonic acid and oxalic acid. 

, x 9Me 2 -CO*9H-OH pMe r C <>~90 (X1 ) 

c(oo 2 h):gh ch(co 2 H)*ch 2 

4-Hydroxy 2 - dimethyl - A 5 - cyclopente?i- i 3-one-l-carboxyKc acid 
can, however, also react in its tautomeric form as the diketo-acid 
(XI), since on treatment with semicarbazide acetate it yields a 
disemicarbazone and with o-phenylenediamine a quinoxaline deriv¬ 
ative. The ketohydroxy-acid showed no tendency to yield a lactone, 
giving with acetyl chloride a liquid acetyl derivative, and when it 
was distilled under diminished pressure, apart from the formation 
of an oil which was probably 3 : %-dimethylcyclopentane~l : 2-dione, 
the greater part of the acid was recovered unchanged. On titration, 
the acid behaved like a dibasic acid, the hydroxy-group being 
evidently activated by the adjacent carbonyl group. 

Since the conversion of (XI) into (X) must proceed through the 
intermediate stage of (VII)—an example of ap : PY^automerism— 
an attempt was made to find the acid (VII) amongst the products 
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of the action of alkali on the dibromo-ester. An oil was separated 
which, unlike the A 5 -acid, gave with ferric chloride a red coloration. 
This acid, which could not be obtained crystalline, gave on boiling 
with alkali a quantity of the crystalline A 5 -acid, and on treatment 
with semicarbazide acetate and with o-phenylenediamine the disemi- 
carbazone and the quinoxaline derivative of the diketo-acid were 
obtained. There seemed to be little doubt, therefore, that this liquid 
acid consisted essentially of 4c-hydroxy-2 : 2-dimethyl-k 4: -cyclopenten~ 3- 
one-l-carboxylic acid , and this view was confirmed by the formation 
of as-dimethylsuccinic acid on oxidation with dilute nitric acid. 

The possibility that the constitution of the dibromo-ester should 
be represented by formula ( VIa) remains to be investigated by 
studying the mechanism of the conversion of the A 5 -acid (X) into 
the diketo-acid (XI), which may proceed by intramolecular tauto- 
merism through the intermediate stage of the dicyclic ketohydroxy- 
acid (XII). 

Me 2 C—CO-C-OH 

(X.) (XII.) T ___-- _> (XI.) 

ho 2 c-c -CH a 

A large number of experiments were carried out with the object 
of converting both the A 4 - and the A 5 -acid into the dibasic hydroxy- 
acid (VIII), but no evidence of its formation has been obtained. 
Whether this is due to an actual inability of the cycZopentane ring to 
pass into a c^/cfobutane ring or to the particular substituted ring used 
will form the subject of future experiments, which will also include 
the stereochemical investigation of the A 5 -acid itself. 

Experimental 

Ethyl $y-DicyanO'$-methylpentane+Ys-dicarboxylate .—To a solution 
of sodium (2*3 g.) in alcohol (30 g.), ethyl ap-dicyano-p-methylbuty- 
rate (18 g.) was added, the solution cooled, and ethyl (3-iodopro- 
pionate (23 g.) gradually added, care being taken to avoid a rise of 
temperature (which produces a considerable quantity of ethyl 
acrylate). After remaining for 1 hour, during which time the 
temperature rose to about 40°, the reaction mixture was heated on 
the water-bath for 2 hours, water was then added, and the con¬ 
densation product was isolated by extraction with ether and purified 
by distillation under diminished pressure. The whole distilled 
between 170° and 190°/5 mm. and on redistillation a large fraction 
was obtained, b. p. 184°/5 mm. (yield, 22 g.). Ethyl $Y~dicyano» 
^methylpentane-yz-dicarboxylate is a faintly yellow, viscid oil with 
a somewhat unpleasant smell (Found: N, 9*8. C u H2 0 0 4 Ni 
requires X, 10*0%). ... 

$-Methylpentane-$vz4ricarboxylic Acid.— The dicyano-ester w$ 
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mixed with an equal volume of concentrated sulphuric acid, exces¬ 
sive rise of temperature being avoided, and when the mixture had 
cooled water was added until the solution was turbid. The hydro¬ 
lysis was completed by boiling until evolution of carbon dioxide 
ceased and all the alcohol had evaporated, water being added from 
time to time to prevent charring (15 hrs.). From the cooled solution 
saturated with ammonium sulphate, the tricarboxylic acid was 
isolated by repeated extraction with ether. After crystallisation 
from hydrochloric acid it decomposed at 153—155°, but, as has been 
mentioned previously ( loc . cit,, p. 1302), the m. p. is dependent on 
the rate of heating (Found : C, 49*8; H, 6*5. Calc.: C, 49*5; H, 
6*4%). 

The triethyl ester was obtained in a poor yield on esterification 
with alcohol and sulphuric acid; b. p. 161°/4 mm. (Found: C, 
59*6; H, 8-6. Calc.: C, 59*6; H, 8*6%). 

Ethyl 3 : S-Dimethyhjclo^)entan-2-one-l : 4:-dicarboxylate .—Ethyl 
p-methylpentane-PYs-tricarboxylate (37 g.) was added to a suspension 
of finely divided sodium (5*6 g.) in benzene (100 c.c.), and the 
mixture warmed on the water-bath. A vigorous reaction took place 
and proceeded nearly to completion after removal of the source of 
heat; the last traces of sodium were dissolved by boiling for 1 hour. 
The deep brown solution was mixed with ice and made faintly acid 
with dilute sulphuric acid, and the benzene was separated, washed 
with sodium carbonate solution,* dried, and evaporated. The 
residual oil was distilled under diminished pressure; ethyl 3 : 8 -di- 
methyhjclopentan-2-one -1 :4 -dicarboxylate was then obtained as a 
colourless oil, b. p. 145°/4 mm. (yield, 70%) (Found: C, 60*5; 
H, 8*1. requires C, 60*9; H, 7*8%). An alcoholic 

solution of the ester gave with ferric chloride a violet coloration. 

2 : 2~Dimethykyclojpentan-3-one-l-carboxylic Acid ,—The keto- 
ester was boiled with sulphuric acid (100 c.c.; 6%) under reflux for 
6 hours. After addition of sodium carbonate sufficient to render 
the solution alkaline, the alcohol was removed on the water-bath 
and the solution was acidified and extracted with ether. On 
removal of the solvent the keto-acid crystallised immediately and 
had m. p. 108—109° as stated by Perkin and Thorpe (loc. cit). 

The methyl ester (V), prepared in the usual maimer, had b. p. 
158°/100 mm. (Found: 0, 63*7; H, 7*9. C 9 H 14 0 3 requires C, 
63-5; H, 8-2%), 

Brominatim of Methyl 2: 2‘Dimethyhjd<ypentan^om-l- 
carboxylate. Methyl 4 : 4-Di6rorao-2 : 2-dimethyhyd<ypentan-Z-one- 
\-MYboxylabe (YI) .-—A Solution of the ester (17 g.) in acetic 

* The sodium carbonate solution on acidification yielded a small quantity 
of a viscid oil which was not examined. 
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acid (17 c.c.) was kept at 5—10° while bromine (32 g.) in acetic 
acid (10 c.c.) was gradually added. The bromine was very rapidly 
absorbed with evolution of hydrogen bromide. When the addition 
was complete the mixture was poured on ice. A heavy oil was 
deposited which solidified. The bromo~e ster crystallised from 
dilute methyl alcohol or dilute formic acid in long prisms, m. p. 
76—77° (yield, 86%) (Found: Br, 48*8. C 9 H 12 0 3 Br 2 requires 

Br, 48-8%). 

Action of Barium Hydroxide on Methyl 4: 4:-Dibromo-2 : 2-di- 
methyloyelopentan-S-oneA-carboxylate, —To the bromo-ester (34 g.) 
a hot solution of barium hydroxide (96 g.) in water (250 c.c.) was 
added, and the reaction mixture boiled under reflux. A vigorous 
action ensued and in order to avoid loss of material it was necessary 
to remove the source of heat. The hydrolysis was completed by 
boiling for 45 minutes, and the pale yellow solution was then 
evaporated on the water-bath until free from alcohol, acidified, and 
repeatedly extracted with ether. On removal of the solvent a 
crystalline cake remained (17 g,). This was mixed with benzene 
(50 c.c.) and after digestion allowed to remain over-night in the ice- 
chest; the acid which was insoluble in benzene was then collected 
and the filtrate (A) reserved for later investigation. 

The acid (m. p. 148—150°) crystallised from hydrochloric acid 
in glistening prisms, m. p, 150—152° (slight decomp.) (Bound: 
0,56*0; H, 5*9. O 8 H 10 O 4 requires C, 56*4; H, 5*9%). 

4:-Hydroxy-2 : 2-dimethyl-A 5 ~cyclopenten~Z-onB-l-carboxylic acid 
(X) was readily soluble in water, acetone, ethyl acetate and formic 
acid, very sparingly soluble in benzene, toluene, and light petroleum, 
somewhat more soluble in chloroform. It gave a brown coloration 
with ferric chloride and immediately decolorised alkaline potassium 
permanganate. In chloroform it rapidly absorbed bromine, but the 
bromo-acid decomposed with evolution of hydrogen bromide. 
From its deep yellow solution in concentrated sulphuric acid the 
acid could be recovered unchanged. On titration with alkali and 
phenolphthalein it behaved as a dibasic acid, but the end-point was 
not quite sharp (Found: M, 176. Calc.: M, 170). The acid 
decomposed when heated above its melting point, but it distilled 
under diminished pressure largely unchanged and showed no 
tendency to lactone formation. A small quantity of a neutral 
yellow oil was separated (b. p. 80—100°/4 mm.) which gave a deep 
red colour with ferric chloride and showed weakly acidic properties* 
The oil, which was readily soluble in water, yielded a resinous :| 
semicarbazone and a liquid phenylhydrazone. With o^phenyl^! 
enediamine it gave an oil which appeared to be a quinoxalhiM 
derivative and it also gave a sparingly soluble, oily 1 
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ative. Although, therefore, it was not possible to characterise the 
oil, there can be little doubt that it consisted of 3: 3-dimethylcyolo* 
pentane-1: 2-dione or its tautomerides. 

When the ketohydroxy-acid (X) was digested with acetyl chloride 
it yielded an oil which was sparingly soluble in water but readily 
soluble in sodium bicarbonate solution. The oil was precipitated 
unchanged from the alkaline solution on acidification and doubtless 
consisted of 4-acetoxy-2 : 2-dimethyl-A b -cyGlopenten-3-one-l -carb¬ 
oxylic acid. On treatment with semicarbazide acetate it underwent 
hydrolysis, yielding the disemicarbazone described below. 

The ketohydroxy-acid was recovered unchanged after prolonged 
digestion with potassium hydroxide solution (10%); on treatment 
with more concentrated alkali solutions or on fusion with potassium 
hydroxide at 200° some resinification took place with formation of 
deep red solutions, but the bulk of the acid was recovered unchanged. 

The disemicarbazone of 2 : 2-dimethylcyclopentane-3 : 4:-dione- 
1-carboxylic acid (XI) crystallised from dilute alcohol in needles, 
decomp. 200—201° (Found : 0,42-1;-H, 5-5; N, 29*1. C 10 H 16 O 4 N 6 
requires C, 42*3; H, 5-6; N, 29-6%). 

The quinoxaline derivative was prepared by boiling an alcoholic 
solution of the acid with an excess of o-phenylenediamine. It 
separated from benzene in pale yellow, irregular plates, m. p. 
175—!77° (Found ; C, 69*2; H, 6*0. C 14 H w 0 2 N 2 requires C, 694; 
H, 5*8%). 

Oxidation of 4t-Hydroxy-2 : 2-dimethyl-A 5 -cydopenien-3-one- 
1 -carboxylic Acid with Nitric Acid. —The ketohydroxy-acid (2 g.) was 
heated -with nitric acid (d 1*2; 20 c.c.) on the water-bath for 12 hours, 
nitric acid (d T4; 5 c.c.) was added, and the mixture heated for a 
further 3 hours. After removal of the excess of mineral acid on the 
water-bath, during which process a small quantity of a volatile 
organic acid was evaporated with the steam, an oil remained which 
partly crystallised. An aqueous solution of the acid was treated 
with an excess of calcium chloride to remove oxalic acid and the 
filtrate was extracted with ether. On removal of the solvent, a 
solid cake remained which after crystallisation from hydrochloric 
acid decomposed at 187°. This acid was identified as dimethyl- 
malonic acid by the method of mixed m. p. and by titration (Found : 
if, 133. Calc.: AT, 132). 

^-Hydroxy-2 ; 2-dimethyl-A 4 '-oydopenten- 3 - one-1 - carboxylic Acid 

(VTI).—The benzene solution (A) (see p. 3013) yielded on removal 
of the solvent a viscid brown oil which could not be induced to 
crystallise. It was readily soluble in water, gave a deep red color- 
nation with ferric chloride, and immediately decolorised alkaline 
£ potassium permanganate. On treatment with semicarbazide acetate 
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and with o-phenylenediamine it yielded the derivatives of the 
diketo-acid described above. When it was boiled for some hours 
with a solution of potassium hydroxide (10%) partial conversion 
into the A 5 -acid took place. It gave a liquid acetyl derivative 
and showed no tendency to lactone formation. 

When the oil was oxidised with dilute nitric acid under the 
conditions used for the oxidation of the A 5 -acid, as-dimethylsuccinic 
acid was obtained, m. p. 140—141°. This was identified by the 
method of mixed m. p. and by the preparation of the characteristic, 
sparingly soluble calcium salt. 

Guv’s Hospital Medical School Indian Institute op Science, 
(University op London), Bangalore. 

London, S.E. 1. [Received, November 3 rd, 1927.] 


CCCCII .—The Colouring Matters of Carajura. 

By Ernest Chapman, Arthur George Perkin, and Robert 

Robinson. 


Carajura (Crajura, Chica red) (Crookes, {c Handbook of Dyeing 
and Calico Printing, 1 ” 1874, p. 388; Schutzberger, “ Traite des 
Matures Colorantes,” 1867, p. 412) is a rare red pigment, prepared 
by the Indians of the Rio Meta and the Orinoco from Bignonia 
Chica for use as a flesh paint (compare Humboldt’s “Travels,” 
Edinburgh, 1836, p. 229). It is stated that the leaves, which on 
drying acquire a red colour, are extracted with water and that the 
extract is treated with a ground bark called aryane , which effects 
the precipitation of the colouring matter. This process is strongly 
suggestive of the enzymic hydrolysis of a glucoside. The yield is 
small and the preparation tedious, and for this reason the material 
appears to be of a costly character. Erdmann (Crookes, op. cit .) 
recognised the pigment nature of chica and stated that, after 
treatment with acid, it dyes mordanted cotton in shades similar 
to those derived from lac dye. He considered that the colouring 
matter was an isomeride of anisic acid and assigned to it the formula 


c 8 H 8 o 3 . 

The material employed in this investigation, obtained through 
the kindness of Messrs, Wright, Layman, and Umney, consisted of 
Hull red fragments enclosed in crudely woven oblong bags, evidently 
of native production. It possessed a peculiar camphoraceous 
odour, was insoluble in water, alcohol, and dilute aqueous alkftji$*| 
and thus differed from that described by Crookes (op. cit.) as solut 
in 36% alcohol and dilute aqueous alkalis. Examination of 
sample of carajura showed that it was a very crude produ< 
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taming approximately 4% of colouring matter as calcium or 
magnesium lake, peaty organic matter, perhaps aryane (23 /oh 
in addition to a wax and a coloured resin in small relative amount. 
The mineral matter as ash (38%) consisted mainly of lime, magnesia 
and silica together with some potassium carbonate. Some part 
of the calcium appears to he present as oxalate.. A preliminary 
account of the isolation and properties of carajunn, the mam 
crystaffisable colouring matter of carajura, has already been 
published (Perkin, P., 1914,30,212), but as the results of later work 
the empirical formula of carajurin is considered to e 17 u 5 

instead of C 1S H 16 0 5 , as then suggested. ... . 

Carajurin, of which only 10 g. have been available for this in¬ 
vestigation, crystallises from benzene in garnet-coloured, prismatic 
needles; it has phenolic properties and contain two methoxyl 
groups, so the formula may be expanded to C 16 H 7 0 2 (OJi)(OMe) 2 . 
The most characteristic property of the substance is the ease with 
which it combines with acids, yielding well-defined, crystalline, 
orange-red oxonium salts from which the base may be easily 
recovered. For example, the sulphate, C 17 H u 0 5 ,H 2 S0 4 , crystallises 
from dilute sulphuric acid in orange needles but is decomposed on 
boiling with water, and the hydrochloride loses hydrogen chloride 
at 100°* The analogy existing between carajurin and the hydroxy- 
benzopyranol bases prepared by Biilow and his collaborators has 
already been commented upon (“The Natural Organic Colouring 
Matters,” Perkin and Everest, 1918, p. 343) and is indeed striking; 
physically, carajurin closely resembles anhydro-7-hydroxy-2 :4- 
diphenylbenzopyranol (1 :4) (I) (Biilow and Sicherer, Ber., 1901, 
34, 2380), which crystallises from benzene. A third crystalline 
member of the group has been recently obtained by Hirst (this vol., 
p. 2490) and this (II) exhibits a still closer resemblance to carajurin. 


(I.) 


The composition of carajurin suggested that the connexion might 
be very close, because the colouring matter could be the anhydro- 
derivative of a dihydroxydimethoxyfiavenol and thus be related 
to the large group of plant products that includes the flavones, 
flavonols, catechins, Ad anthocyanins. The coloured anhydro- 
hydroxybenzopyranols have frequently been found to yield colour¬ 
less derivatives of the hydroxybenzopyranols, and by the action 
■ of acetic anhydride and pyridine on carajurin a colourless triacdyl 
C 16 H 7 0(0Me) 2 (0Ac) 3 , of hydrated carajurin was 
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obtained. Further confirmation of this view was found in the fact 
that fusion of carajurin with caustic alkali at 200° afforded 
3 ?-hydroxy benzoic acid, whilst on boiling with concentrated aqueous 
potassium hydroxide, ^-acetylanisole was obtained. 

Bromination of carajurin in hot acetic acid solution gives, with 
remarkable ease, a compound, C 17 H 12 0 6 Br 4 or C 17 H 14 0 6 Br 4 , which 
crystallises in orange needles and is apparently both a hydrobromide 
and a perbromide. On treatment with boiling acetone it is changed 
into dibromocarajurin , C 17 H 12 0 5 Br 2 , crystallising in bright red 
needles, bromoacetone being simultaneously produced. 

Carajurin is completely demethylated on boiling with hydriodic 
acid and yields carajuretin hydriodide , C 15 H 1]L 0 5 I, which has the 
composition and properties of a tetrahydroxyflavylium iodide. 
The action of cold pyridine on this salt leads to the formation of 
carajuretin, C 15 H 10 O 6 , which occurs in scarlet needles and forms a 
colourless penta-acetyl derivative of hydrated carajuretin, 
C 16 H 7 0(0 Ac) 6 . 

On the supposition that the carajurin and carajuretin salts are 
flavylium derivatives it becomes of importance to note that these 
substances exhibit no tendency whatever to pass into pseudo-bases. 
Since the effect of a hydroxyl or methoxyl group in position 3 in the 
pyrylium nucleus in facilitating pseudo-base formation is well 
established, we concluded that carajurin is related to' the flavone 
rather than to the fiavonol group, that is, bearing in mind the form¬ 
ation of ^-acetylanisole (above), that carajurin has the formula 
(III). Such a constitution, representing the substance as a 


CO° 0Me KC0 0, 


tetrahydroxybenzene derivative, served to explain the absence of 
phloroglucinol or other recognisable phenols from the alkali-fission 
products. Carajuretin hydrochloride, on this assumption, would 
conform to the type (IV), and in view of our strictly limited supply 
of the natural product we determined to synthesise flavylium salts 
of this nature in order to compare them with the carajuretin salts# 
The successful outcome of these' synthetical mvestigatio^ 
are described below, supplied the final proof of the correctness of 
the C 17 formula for carajurin, and the fact that some..of the .sal|g 
which we prepared contain nuclear methyl groups is due 
uncertainty attached in the earlier stages to this questfam : .<^^^ 
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empirical formula. Guided by the assumed constitution of the 
flavone, scutellarein (V) (compare Bargellini, Gazzetta, 1915, 45, i, 
69; 1919, 49, ii, 47), we prepared scutellareinidin chloride (VI) and 


Cl 

0 "o~ 



found that this salt was identical with earajuretin hydrochloride. 
This solved the major problem and left four possibilities for cara- 
jurin (VII, VIII, IX, X) differing only in the arrangement of sub¬ 
stituents in the tetrahydroxybenzene nucleus; (VIII) and (IX) are 
tautomeric and would yield identical hydrochlorides (XI). This 



Me0/'V 

hoJ! i 


0 

(X.) 


o : 7-dihydroxy-6 :4'-dimethoxyflavylium chloride has been syn¬ 
thesised (see below) and it is not identical with carajurin hydro¬ 
chloride. Moreover, the latter gives a ferric chloride colour reaction 


Cl 


Wr 

(XI.) (XII.) 

indicating the existence of vicinal hydroxyl groups in the salt; 

: (XI) exhibits no such reaction. The choice between (VII) and (X) 
cannot yet be made definitely, but (VII) is preferable on account of 
the colour and stability of carajurin. The analogies already quoted 
support the formula (VII), whereas (X) should be a violet or blue 
substance. In making this statement we are taking cognisance of 
unpublished observations on the anhydro-bases from 5-hydroxy- 
flavylium salts, which are violet or blue and characterised by 
instability. The only recorded work bearing on this point is that 
of Collie and White (J., 1915,107,369), who condensed orcinol with 
4 acetylacetone in presence of hydrogen chloride and isolated two 
|-. Struetuxally different hydroxytrimethylbenzopyrylium chlorides, of 

Sr'/' ' . 
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which one had a yellow and the other, obtained in smaller relative 
amount, an orange colour. The yellow salt gave a red quinonoid 
base (XII) and the orange salt gave a deep violet base (XIII). 
Provisionally, therefore, we suggest that carajurin has the formula 
(VII), and attempts to synthesise the colouring matter are in 
progress. 

2n addition to carajurin, carajura contains a second colouring 
matter, carajurone , C 15 H 9 0 5 *0Me, which has been isolated in a 
micro-crystalline condition. This substance resembles carajurin 
in many of its properties, but is insoluble in benzene. It is probably 
a carajuretin monomethyl ether, but a clear proof of this is riot 
available. Carajurin and carajurone dye mordanted fabrics in 
almost identical shades (see p. 3027), whereas those given by cara¬ 
juretin are somewhat yellower. The red resin contained in carajura 
was not closely examined. 

Derivatives of 1:2:3: 5-Tetrahydroxy benzene. 

The work involved in the synthesis of carajuretin necessitated the 
preparation of a number of partly methylated derivatives of 1:2:3:5- 
tetrahydroxybenzene and we have investigated more particularly 
those which may be used as the starting points of syntheses that can 
only proceed in one direction at each stage. We have had in mind 
not merely our immediate purpose but also the possibility of the 
synthesis, ultimately, of quercetagetin and gossypetin by such 
unambiguous methods. 

The readily accessible 2 :6-dimethoxyquinol (XIV) was the 

Me0/\0H MeO/NoH MeO/NoH MeO/NoH 

HC\J HOlJCHO MeOkJ MeOl^ JCHO 

MeO MeO MeO MeO 

(XIV.) (XV.) (XVI.) (XVII.) 

starting point in many of our experiments; it could, for example, 
be directly condensed with anisoylacetone to a flavylium salt. On 
the other hand the introduction of the formyl group by Gattermann’s 
method gave so poor a yield of the aldehyde (XV) that the process 
was useless for practical purposes. This was certainly due in part 
to the sparing solubility of dimethoxyquinol in ether, but also in all 
probability to its intrinsically small nuclear reactivity. 

The methylation of dimethoxyquinol yields only antiarol (XVI) 
and tetramethoxybenzene, and we have confirmed the orientation 
of antiarol and worked out satisfactory conditions for its preparation. 
Antiarolaldehyde (XVII) could be obtained by an application^^ 
Gattermann’s synthesis, but all attempts to prepare ketmpte^j^^g 
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as acetylaxitiarol and. co-methoxyacetylantiarol by the Hoesch 
method failed. 

A series of experiments aiming at the C-acetylation of antiarol 
under varied conditions did not give the desired ketone, but two 
substances were isolated in small yield from the products of the 
action of aluminium chloride on antiarol and acetyl chloride in 
nitrobenzene solution. The first, m. p. 92—93°, gave analytical 
results agreeing with the formula (XVIII), whereas the second, 
m/p. 160—161°, is probably (XIX). 

MeO MeO 

HO/^OMe Ho/NoMe 
MeOCl JcOMe MeOdJ 

ECO HO 

(XYHI.) (XIX.) 

Bargellini and Bini (Atti R. Accad . Lined , 1910,19, ii, 595; com¬ 
pare Bargellini, Gazzetta, 1919, 49, ii, 47) isolated {a) tetramethoxy- 
acetophenone, m. p. 48—50°, ( b) a substance, m. p. 106—108°, 
regarded as 6-hydroxy-2 :3 : 4-trimethoxyacetophenone, and (c) a 
substance, m. p. 162—163°, to which the formula (XIX) was assigned, 
from the products of interaction of 1:2 : 3 : 5-tetramethoxybenzene 
and acetyl chloride in carbon disulphide solution in presence of 
aluminium chloride. Repetition of the experiment gave (1) cream- 
coloured crystals, m. p. 177—178°, (2) yellow prisms, m. p. Ill—112°, 
(3) brownish-yellow crystals, m. p. 162—163°, (4) 2:3:4:6- 
tetramethoxyacetophenone, m, p. 53—54°. The m. p, of a mixture 
of the substance, m. p. 160—161°, from antiarol with either (1) or 
(3) showed a large depression. It is hoped that further work will 
elucidate the nature of these substances and a detailed description 
is therefore postponed. It may also be pointed out that Nierenstein 
(J., 1917, 111, 4) has ascribed the constitution (XIX) to a product, 
m. p. 166—168°, of the incomplete methylation of 2 : 3 :4 : 6- 
tetrahydroxyacetophenone. 

We have utilised, iretol (XX) for the preparation of certain 
flavylium salts, although in this case the reactions could proceed in 
alternative directions. Investigation of the products showed that 
the hydroxyl in the p-position to the methoxyl group is the one which 
is involved in the ring closure. An interesting confirmation of this 
is found in the proof that the monomethyl ether of iretol, obtained 
by de Laire and Tiemann (Ber., 1893, 26, 2015) by treatment of the 
phenol with methyl-alcoholic hydrogen chloride, has the constitution 
(XXI). This and (XXIII) are the only possibilities and we have 
. synthesised a dimethoxyresorcinol of the formula (XXIII) from 
, $: 5-d|nitroveratrole. A dilute aqueous solution of the hydro- 



(XX.) (XXI.) 
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chloride of the corresponding diamine (XXII), containing a little 
stannous chloride, was boiled for many hours. The resulting phenol 
(XXIII) differs from de Laire and Tiemann’s iretol monomethyl 
ether, a direct synthesis of which is being attempted. 



(xxxi.) * (xxm.) 


HO, 

MeOl 



,OH 

!0*CH 2 


OMe 


MeO 

v (xxrv.) 


The dimethoxyresorcinols (XXIII and XX\^are the most suitable 
starting points in unambiguous syntheses of 3 : 5 : 6 : 7 : 3': 4'- and 
3 : 5 : 7 : 8 : 3': 4'-hexahydroxyflavone, the constitutions, in all 
probability, of quercetagetin and gossypetin, respectiyely. In the 
former case we have demonstrated the feasibility of the scheme by 
the preparation of 2 : 4-dihydroxy-co : 5 : 6-trimethoxyacetophenone 
(XXIV) from (XXIII) and methoxyacetonitrile in accordance with 
Hoesch’s method (compare Slater and Stephen, J., 1920,117, 316). 
Test-tube experiments have convinced us that this ketone yields a 
flavonol derivative when it is heated with veratric anhydride and 
sodium veratrate (compare Allan and Robinson, J., 1924,125,2192 
and later communications). 


Flavylium Salts derived from 1:2:3: 5-Teirahydroxybenzene. 

Condensation of anisoylacetone and 2 : 6-dimethoxyquinol (XIV) 
in formic acid solution by means of hydrogen chloride gave (XXV}, 
the alternative, a 4-anisyl-2-methylbenzopyrylium derivative, being 
excluded by the ready decomposition of the salt by alkalis with 
formation of p-acetylanisoie and by analogy with the ascertained 
behaviour of benzoylacetone, for example, on condensation with 
phloroglucinoh 


Cl 

O 7 0 
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(XXV) and (XXVI) give 5:6:7: 4' detrahydroxyA-methylflavylium 
chloride (XXVII). Similarly 5:6:7: 4'-tetramethoxyA-methyl- 
flavylium chloride was obtained from antiarol and anisoylacetone. 

The action of hydrogen chloride on a mixture of antiarolaldehyde 
(XVTI) and ^-acetylanisole in acetic acid solution led to the form- 
ation of 5:6:7:4 ' detrametkoxyfiavylium chloride (XXVIII); 
5 : 7-dihydroxy-6 : 4'-dimethoxyflavylium chloride (XI) was ob¬ 
tained from iretol and anisoylacetaldehyde. On demethylation 
with hydriodic acid both salts (proof of structure of XI) gave 
scutellareinidm iodide; the chloride (VI) obtained from this was, 
as already stated, identified with carajuretin hydrochloride. 

01 Cl 




Antiarolaldehyde, acetophenone, and hydrogen chloride yield 
5:6:7 -trimethoxyflavylium chloride and on demethylation the 
salt (XXIX) was obtained. This is the flavylium salt corresponding 
to the flavone baicalein (Shibata, Iwata, and Nakamura, Acta 
Phytochim 1923,1, 105; Bargellini, Oazzetta , 1919, 49, ii, 47) and 
may be termed baicaleinidin chloride . 

Experimental. 

Carajurin. —Finely powdered earajura (100 g.) was extracted 
with boiling benzene to remove wax, which was found to interfere 
with the isolation of the colouring matters, and then digested with 
a mixture of water (600 c.c.) and concentrated hydrochloric acid 
(65 c.c.) at 95° fo$ 15 minutes. After cooling, the dull red mass 
was collected, washed, and dried in the air and finally at 100° 
(A., 65 g.). Partial evaporation of the filtrate led to the separation 
of a red powder containing very little colouring matter and con¬ 
sisting chiefly of calcium oxalate; evaporation to dryness then gave 
a viscid residue containing organic matter and soluble salts of 
calcium, magnesium, and potassium, the former in preponderating 
amount. •* 

The product A was extracted with - boiling alcohol; the dull 
chocolate-coloured residue (ash, 26-5%) contained sand, and 
organic matter having a peaty nature. The orange-red alcoholic 
solution was evaporated to dryness on pure sand, and the powdered 
mass extracted with benzene for several hours in a Soxhlet apparatus 
(residue, B). The extract, after treatment with a little animal 
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charcoal, was filtered and concentrated; crystals were gradually 
deposited and the substance, after twice crystallising from benzene 
containing a trace of pyridine, was obtained in garnet-coloured 
needles, m. p. 205—207° (yield, 2-5 g.) (Found : C, 69-2, 68-6, 68*7, 
68*1*, 68*1*; H, 4*7, 4*8, 4*9, 4*9*, 4*8* respectively; MeO, 19*8, 
20*2, 20*6*, 204*, 20*5*. C 18 H 16 0 5 requires C, 69*2; H, 5-1; 
2MeO, 19-9%. C 17 H 14 0 6 requires C, 68*4; H, 4*7; 2MeO, 20*8%). 

Carajurin is sparingly soluble in hot benzene and alcohol, but 
is more readily soluble in pyridine; it does not dissolve in boiling 
dilute aqueous ammonia (distinction from carajuretin) and dis¬ 
solves sparingly in dilute aqueous caustic alkalis to orange-red 
solutions which become brown on keeping. The solubility of cara¬ 
jurin in cold dilute aqueous sodium hydroxide is best demonstrated 
by its immediate complete extraction by the alkali from a dilute 
benzene solution. Carajurin and alcoholic lead acetate give a 
solution which slowly deposits pale red needles, whereas alcoholic 
ferric chloride gives a brownish-violet solution which becomes brown 
on the addition of an excess of the reagent. 

Carajurin hydrogen sulphate. A hot solution of carajurin in 
acetic acid containing sulphuric acid gave a gelatinous precipitate 
on cooling, but when a trace of water was added to the hot liquid, 
fine, orange-yellow needles separated; these were collected and 
washed with acetic acid (Found : C, 50*7; H, 4*4. C 17 H 14 0 5 ,H 2 S0 4 
requires C, 51*5; H, 44%). Further analyses gave conflicting 
results, but owing to the necessity for conserving our material the 
matter w r as not pursued. The salt is readily soluble in boiling water, 
but decomposition occurs and the solution soon deposits red crystals 
of carajurin, m. p. 204—206°. 

The hydrochloride crystallises from acetic acid in glistening, 
orange leaflets and from 8% hydrochloric acid in woolly balls of 
orange filaments which, when quickly heated, darken at 120° and 
partly fuse at about 196°, becoming black. On prolonged heating 
at 100° or on boiling with water it yields carajurin. It is, however, 
stable in aqueous solution in the presence of a slight excess of 
hydrochloric acid. 

Action of Bromine on Carajurin .—When a solution of bromine 
(04 g.) in acetic acid (2*1 c.c>) was added to one of carajurin (0*23 g.) 
in boiling acetic acid (18 c.c.), crystals at once separated (yield, 
046 g.) (Found: Br, 50*8, C 17 H 14 0 5 Br 4 requires Br, 51*7%). 
The glistening, orange-red leaflets darkened at 195° and had become 
a black powder at 300°; on boiling with water, hydrogen bromide | 
passed into solution. This tetrabromide (0*3185 g.) dissolved wh$&| 
boiled with acetone (10 c.c.), but red needles quickly sepe^atJed ^g 
* Indicates micro-analysis throughout, 
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the odour of bromoacetone became apparent. The product (yield, 
75*3% of the weight of tetrabromide; in another experiment, 74*1%) 
evidently consisted of a dibromocarajurin (Pound: Br, 35*2. 
C 17 H 12 0 5 Br 2 requires Br, 35*2%); it did not melt, but became a 
carbonaceous mass at 300°. It dissolved in dilute alkalis to red 
solutions that became brown on keeping. Theoretically a carajurin 
tetrabromide (or a dibromocaraj urin dibromide, C 17 H 12 0 6 Br 4 ) 
should give 74% of its weight of dibromocaraj urin. 

A curious result was obtained when the bromination was effected 
in commercial acetic acid solution, red needles, apparently con¬ 
sisting of a crude tribromocarajurin, being isolated (Found: Br, 
464. Calc.; Br, 44*9%), 

Fission of Carajurin with Alkalis .—By fusing carajurin with 10 
parts of sodium hydroxide and a little water at 200°, dissolving the 
melt in water, acidifying the solution and extracting it with ether, 
a crystalline product was obtained containing p-hydroxybenzoic 
acid and a colourless, crystalline substance, m. p. 185—187°, which 
was sparingly soluble in water and gave no coloration with ferric 
chloride. 

A dilute solution of carajurin in dilute aqueous-alcoholic potassium 
hydroxide was rapidly distilled. The red liquid became orange- 
yellow (opening of the heterocyclic ring) and at a later stage a dark 
oil separated. When the alkali became quite concentrated, a 
colourless oil distilled in the steam, and this was isolated by means 
of ether and identified asp-acetylanisole by conversion into the semi- 
carbazone, m. p. 197°, alone or mixed with an authentic specimen. 

O'Triacetyldihydrocarajurinol .—The red solution of carajurin 
(0*2 g.) and pyridine (0*6 c.c.) in acetic anhydride was kept for 3 
days and then mixed with ice-cold dilute sulphuric acid. The pink 
precipitate was collected, washed, dried in the air, and dissolved 
in a very small volume of hot acetone. Crystals (0*07 g.) separated 
on keeping, and were obtained, on recrystallisation from methyl 
alcohol (charcoal), in colourless leaflets, m. p, 142° (Found*: C, 
62*3; H, 5*1, C^H^Og requires 0, 62*4; H, 5*0%). When this 
substance was boiled with a mixture of alcohol and concentrated 
hydrochloric acid, an orange-yellow solution of an oxonium salt was 
obtained; the addition of sodium acetate produced a red colour, and 
the pigment (probably carajurin) could be extracted by benzene, 
giving a red solution. 

A second aoetylated carajurin derivative, probably 0-acetyl- 
carajurin, was obtained by the prolonged action of cold acetic 
anhydride and a trace of sulphuric acid on the colouring matter ; 
it crystallised in orange needles, m. p. 190—191°, but has not been 
closely examined. 
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Carajuretin. —After the methoxyl estimations (those carried out 
on the normal scale, not those in which Pregl’s micro-method was 
used) the hydriodic acid was found to contain red needles of 
carajuretin Jiydr iodide. These were collected, washed with sul¬ 
phurous acid and then with water, and dried at 100° (Found : I, 
31-6. C 15 H 10 O 5 ,HI requires I, 31*9%) (yield, 133*5% on the weight 
of carajurin employed. Calc., 134*1%). When hydriodic acid was 
added to a solution of this salt in hot alcohol, characteristic, fan¬ 
shaped clusters of fine, red needles separated. 

The hydriodide dissolved at once in a small volume of cold pyridine 
and crystals soon separated from the solution; after the addition 
of boiling water and cooling, the scarlet needles were collected (yield, 
68% on the weight of carajuretin hydriodide. Calc., 67*8%). The 
substance was recrystallised by concentrating a solution in much 
boiling alcohol and then adding boiling water, and carajuretin was 
thus obtained as a woolly mass of red needles that became black 
at 330° without exhibiting a melting point (Found : C, 66*7; H, 4*1. 
C 15 H l0 O 5 requires C, 66*7; H, 3*7%). 

Carajuretin gives a fine crimson solution, becoming brown in the 
air, in aqueous ammonia or aqueous sodium carbonate. It gives a 
violet coloration with alcoholic ferric chloride, a dull reddish-violet 
precipitate with alcoholic lead acetate, and a deposit, probably of a 
monopotassium salt, with alcoholic potassium acetate. The 
substance combines with sulphuric acid in acetic acid solution to give 
the hydrogen sulphate, orange-yellow needles that can be crystallised 
from dilute sulphuric acid but are decomposed, with liberation of 
sulphuric acid (and probably carajuretin), on boiling with water. 

The hydrochloride has been carefully examined for the sake of the 
comparison with the synthetical scutellareinidin chloride. Cara- * 
juretin hydriodide (0*9 g.) in hot alcoholic solution (100 c.c.) was 
decomposed by means of precipitated silver chloride. The filtered 
solution, mixed with a little hydrochloric acid, was concentrated; 
it then deposited prisms (0*53 g.) having an intense steel-blue lustre 
(Found* in material dried at 100°: 0, 55*3, 55*5; H, 4*3, 4*2; 01, 
11*3,11*0. C 15 H lo O 0 ,HQ,H 2 0 requires C,55*5 ; H,4*0; Cl, 10*9%). 
The pure salt is sparingly soluble in alcohol to a brownish-orange 
solution ; slightly impure specimens are readily soluble. Addition 
of a trace of ferric chloride to the alcoholic solution produces an 
intense brownish-violet coloration, which becomes reddish-brown 
on the addition of water. Addition of sodium carbonate to the 
alcoholic solution gives a fine permanganate-coloured liquid that f, 
becomes bluer on dilution with alcohol. The solution in aqueous^ 
sodium carbonate has a damson colour. The salt is 
, in cold 0*5% hydrochloric acid, but dissolves in the hot solye ^Mil 
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on the addition of an equal volume of cold concentrated hydrochloric 
acid lustreless, woolly, orange needles are deposited, but if the liquid 
is heated, causing redissolution, and cooled yery slowly, the sub¬ 
stance separates completely in characteristic, elongated, rhombic 
prisms with a steel-blue lustre. These crystals are reddish-orange 
when viewed by transmitted light under the microscope and give 
a red smear on paper. Similarly the evaporation of an alcoholic 
solution of the chloride containing some 10% aqueous hydrochloric 
acid gives woolly needles that change in contact with the solvent 
into glistening, rhombic prisms. The salt is sparingly soluble in 
cold 7% sulphuric acid, but dissolves on heating : a gelatinous 
precipitate separates as the solution cools; on keeping, especially 
if warm, the amorphous material is replaced by very slender, orange- 
red needles. If aqueous perchloric acid (d 1-2) is added to the hot 
solution in 7% sulphuric acid, the hydrogen 'perchlorate quickly 
separates in clusters of short, orange-red needles exhibiting a bright 
metallic reflex. 

The addition of bromine to a hot solution of carajuretin in acetic 
acid causes the immediate precipitation of minute, orange-red 
needles; these give hydrogen bromide to boiling water. 

Q-Penta-acetyldihydrocarajuretinol , 

0 0Ac 0 

AcO/W-y“>Ac AcO/VV/^OAc 

AcOUXV * Ac0t \ A/ fe w 

AcO CH AcO CH-OAc 

—A mixture of carajuretin (0*2 g.), pyridine (0*7 c.c,), and acetic 
anhydride (0*8 c.c.) was kept for 5 days; the red liquid was then 
added to ice-cold, dilute sulphuric acid and the pink precipitate 
was collected, washed, and dried on tile. An acetone solution of 
this product, after treatment with charcoal, was filtered and 
evaporated to dryness; the residue was dissolved in the minimum 
volume of boiling alcohol, and the solution allowed to cool. The 
cloudiness which then appeared was cleared by the addition of 
acetone drop by drop as required, and after 2 days the crystals 
(0*07 g.) were collected and twice recrystallised from benzene 
(charcoal). The colourless, prismatic needles, m. p. 156—157°, 
thus obtained were sparingly soluble in cold benzene and readily 
soluble in acetone (Found* : 0, 60*3; H, 4*5. C^H^O-^ requires 
C, 60*2 ; H, 4*4%). This derivative discoloured on keeping in a 
specimen tube; it was reconverted into carajuretin hydrochloride 
by hydrolysis with alcoholic-aqueous hydrochloric acid and the 
characteristic lustrous, rhombic prisms of the salt were obtained. 
An acetyl estimation was carried out by Freudenberg’s micro- 
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analytical method (Annalen, 1923, 433, 230; Freudenberg and 
Weber, Z. angew. Chem., 1925, 38, 280) [Found: Ac, 42-8. 
C 16 H 7 0(0 Ac) 5 requires Ac, 43*2%]. 

Carajurone. —The residue B (see p. 3022) in the Soxhlet tube 
after removal of carajurin was extracted with boiling acetone and, 
after treatment with charcoal and filtration, the solution was con¬ 
centrated to a small volume. Dark, granular material separated 
and this was washed with a little benzene and crystallised from 
acetone. Carajurone was thus obtained as an indistinctly crystalline, 
scarlet mass, m. p. 183—186° (decomp.) (Found* in material dried 
at 105° in a high vacuum : 0, 67*1; H, 4*3; MeO, 11*6. C 16 H 12 0 6 
requires C, 67*6; H, 4*2; IMeO, 11*1%) (an earlier analysis gave 
MeO, 11*4%). 

Carajurone dissolves in aqueous sodium carbonate to a brownish- 
red solution, the colour of which is neither so intense nor so persistent 
on dilution as that obtained from carajuretin under similar con¬ 
ditions. The ferric chloride reaction in alcoholic solution closely 
resembles that given by carajurin; alcoholic lead acetate gives a 
maroon-coloured precipitate. The substance combines with strong 
acids, forming oxonium salts the solutions of which are brownish- 
orange, and there can be little doubt that it is carajuretin mono¬ 
methyl ether. Definite evidence respecting the position of the 
methoxyl group, on this hypothesis, was not obtained, but the per¬ 
ceptible odour of p-acetylanisole observed on boiling a solution in 
concentrated aqueous sodium hydroxide is an indication that 
the methoxyl is in position 4'. The vapour evolved on destructive 
distillation of carajurone has an odour resembling that of jp-hydroxy- 
benzaldehyde. 

Dyeing Properties.— Owing to its sparing solubility in water, 
crystalline carajurin dyes mordanted wool and cotton with difficulty; 
to overcome this, an alcoholic solution was poured into much water 
and satisfactory dyeings were then secured. The following com¬ 
parative results were obtained on mordanted wool: 


Carajurin. 

Carajurone. 

Carajuretin, 


Chromium. Aluminium. Tin. 

Deep maroon. Dull brownish- Bright 

red. scarlet. 

Deep maroon. Dull brownish- Dull 

red. scarlet. 

Brown. Dull brownish- Brownish- 

orange. scarlet. 


Iron. 

Deep violet- 
maroon. 
Deep violet- 
maroon* 
Brownish- 
maroon. 


Pyrogallol Trimeihyl Ether. —The following modification of 
TJllmaim’s method ( Annalen , 1903, 327, 116) for the methylatxon j 
of pyrogallol gives an 86% yield of a colourless product that does | 
not require the subsequent treatment with ether recommend0d|M 
Ullmann. ' - 
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Aqueous sodium hydroxide (150 e.c. containing 60 g. of sodium 
hydroxide) was gradually added from a tap-funnel during 3—4 hours 
to a mixture of pyrogallol (42 g.), methyl sulphate (189 g.), and 
alcohol (100 c.c.) agitated vigorously by means of a gas-tight stirrer 
and contained in a flask (reflux condenser) from which air was 
excluded by hydrogen. After the completion of the reaction the 
vessel was cooled in an ice-bath and the addition of water (150 c.c.) 
caused the separation of the ether in glistening, white prisms, m. p. 
47°. The average yield in many experiments was 48 g. 

Antiarol (XVI).—2:6-Dimethoxybenzoquinone (24 g.) was 
obtained by Graebe and Hess’s method ( Annalen , 1905, 340, 237; 
compare Will, Ber., 1888, 21, 608) from nitric acid (d 1-2) in 95% 
alcohol and pyrogallol trimethyl ether (40 g.). 

Dimethoxyquinol, m. p. 160° (literature, 158°), was obtained by 
reduction of the quinone in 87% yield. It is stated to be easily 
soluble in ether, but we found that 100 c.c. of dry ether dissolved 
only 0*4 g. of the phenol. It is readily soluble in acetone, the simple 
alcohols, and acetic acid in the cold, but it is very sparingly soluble 
in carbon disulphide, nitrobenzene, benzene, toluene, chloroform, 
isoamyl ether, and light petroleum in the cold. It is partly on this 
account that we experienced so much difficulty in the preparation 
of an aldehyde from this phenol. 

Will (loc. cit; compare Bargellini and Bini, Gazzetta, 1911, 41, 
ii, 8) obtained a trimethoxyphenol as a by-product in the prepar¬ 
ation of 1:2:3:5-tetramethoxybenzene by methylation of 
2:6-dimethoxyquinol with methyl iodide and methyl-alcoholic 
potassium hydroxide. The constitution of this substance was 
apparently first determined by Schlor (Diss., 1889; compare Graebe 
and. Suter, Annalen, 1905, 340, 224; Kiliani on antiarol from 
antiaris toxicaria, Arch. Pharm 1896, 234, 444; Thoms and Sie- 
belung, J8er,, 1911,44, 2124), and as it was a matter of considerable 
importance in the present investigation we confirmed the relations 
exhibited in the scheme, using the method of mixed melting points. 


MeO MeO 



The following conditions were employed for the semi-methylation 
of 2: 6-dimethoxyquinol, the object aimed at being the complete 
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conversion of the quinol into antiarol and tetramethoxy benzene, 
because both substances were required and the separation of antiarol 
from dimethoxyquinol was difficult. A solution of sodium hydroxide 
(20 g.) in water (140 c.c.) was added to 2 :6-dimethoxyquino! 
(34 g.) in a flask from which air was excluded by hydrogen. Methyl 
sulphate (32 g.) was then added in one portion with vigorous shaking, 
which was continued for 10—15 minutes and at intervals for 1 hour. 
11 G. of 1:2:3: 5-tetramethoxybenzene were isolated, and the 
alkali-soluble fraction (20 g.) was crystallised from ten times its 
weight of water and thus obtained in flat, white needles, m. p. 146° 
(yield 16-5 g.), and free from unchanged dimethoxyquinol. 

Sodium antiarolate crystallised in silky, snow-white needles when 
a solution of antiarol in moderately concentrated aqueous sodium 
hydroxide was cooled. 

O -Acetylantiarol (3:4: 5-trimethoxyphenyl acetate), obtained by 
the action of boiling acetic anhydride and sodium acetate on the 
phenol, crystallised from not too much alcohol in colourless, trans¬ 
parent, elongated prisms, m. p. 74° (Found: C, 58*5; H, 6*3; 
MeO*, 40*8, 40*8, 40*7. C n H 14 0 5 requires C, 58*4; H, 6*2; 
3MeO, 41*2%). The micro-analytical estimations of methoxyl in 
this readily purified substance gave slightly low results, and as those 
of carajurin were carried out in the same apparatus we considered 
that a similar small error would affect those determinations also. 
The first indication that carajurin has the formula C X7 H 14 0 5 rather 
than C 18 H 16 0 6 was obtained in this way. 

3 : Q-Dihydroxy -2 : 4=-dimetkoxybenzaldehyde (XV).—Dry hydrogen 
cyanide in a stream of carbon dioxide and, by another delivery 
tube, a stream of hydrogen chloride, were simultaneously introduced 
into a warm solution of 2 : 6-dimethoxyquinol (3*5 g.) in ethyl 
acetate (100 c.c.). The slow passage of hydrogen chloride was 
continued for 2 hours and the flask was then stoppered and kept in 
the ice-chest. Next day, water was added to the reddish-green, 
dichroic solution so as to dissolve the small, dark-green deposit and 
the red, aqueous solution was then separated from the colourless 
ethyl acetate layer and boiled for a few minutes with passage of 
sulphur dioxide. On cooling, clumps of fine needles separated and 
these crystallised from hot water, containing sulphur dioxide, in 
very pale brown, feathery needles, m. p. 135—136° (Found : MeO*, 
30*7. C 9 H 10 O 5 requires 2MeO, 31*3%). This substance, the yield 
of which was extremely poor, gives a sparingly soluble semi- 
carbazone, and a golden-yellow solution in aqueous sodium hydroxide. 
It develops a green coloration, brown with excess of the reagent, on 
the addition of ferric chloride to its alcoholic solution. 

Antiarolaldehyde II) .—In this experiment the use oi BU&owp0 
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ether to dissolve the antiarol was found inadvisable and the quan¬ 
tities were so adjusted that all the phenol passed into solution before 
the separation of aldimine hydrochloride commenced. Hydrogen 
cyanide (from 10 g. of potassium cyanide), carried over in a slow 
stream of carbon dioxide, was introduced into a solution and suspen¬ 
sion of finely powdered antiarol (6 g.) in anhydrous ether (300 c.c.), 
and a moderately rapid stream of hydrogen chloride led into the 
mixture (reflux condenser), which was frequently shaken. After 
3 hours, glistening, white crystals began to be deposited and after 2 
hours more, the stream of gas was interrupted and the vessel stoppered 
and kept over-night. The ethereal solution was decanted and the 
aldimine hydrochloride decomposed by heating on the steam-bath 
with water (30 c.c.) for a few minutes. The aldehyde, which 
separated as an oil and crystallised on cooling (4*7 g.), was re¬ 
crystallised by the addition of warm water to its solution in hot 
methyl alcohol (yield, 4*45 g.). It was obtained in elongated, flat, 
white prisms, m. p. 65° (Found: C, 56*8; H, 5*8. C 10 H 12 O 5 
requires C, 56*6; H, 5*7%). Antiarolaldehyde is slightly soluble in 
boiling water to a colourless solution, which becomes turbid on 
cooling and then deposits beautiful, star-shaped aggregates of 
needles. It is readily soluble in ether, alcohol, benzene, chloroform, 
acetic acid, and acetone. In aqueous or alcoholic solution it 
develops an intense brownish-violet coloration on the addition of 
ferric chloride; its solution in aqueous sodium hydroxide has a 
greenish-yellow colour. The semicarbazone , prepared in the usual 
manner, crystallised from 80% alcohol in slender, colourless needles 
that became yellow at 210° and melted with eServescence at 245° 
(Found: N, 15*4. C n H 16 0 5 N 3 requires N, 15*6%). 

Iretol Monomethyl Ether (XXI).—Picric acid (50 g.) gave re¬ 
crystallised picryl chloride (30 g,) according to Jackson and Gazzolo’s 
method {Amer, Chem. J., 1900, 23, 384); the addition of benzene 
in the crystallisation from alcohol, recommended by these authors, 
was found to be unnecessary. 

Jackson and Boos (Amer, Chem. J., 1898, 20/444) showed that 
the scarlet compound obtained by the action of sodium methoxide 
on picryl chloride yields methyl picrate on decomposition with water, 
but the method does not appear to have been used for the prepar¬ 
ation of the substance in quantity. The following conditions gave 
good results. Sodium (4 g.) was dissolved in methyl alcohol (120 
c.c,), and the solution added with shaking to one of picryl chloride 
(20 g.) in methyl alcohol (40 c.c.). After a short time, 80—100 c.c, 
of the methyl alcohol were distilled away and hydrochloric acid 
was added to the residue until it became yellow (acid reaction). 
Precipitation of the ether was completed by water and after one 
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crystallisation of the product from 60 c.c. of methyl alcohol it had 
m. p. 67—68° (yield, 18 g.) (Buttle and Hewitt, J., 1909, 95, 1759, 
assign the m. p. 68° to the pure ether). 

The conversion of methyl picrate into iretol was carried out by 
Kohner’s method ( Monatsh 1899, 20, 928), and de Laire and 
Tiemann’s work (i loc . tit.) on the monomethylation of iretol from 
irigenin was confirmed with the synthetical material. 

4 : 5-DimetJioxyresorcinol (XXIII).—The nitration of 4-nitro- 
guaiacol (Pollecoff and Robinson, J., 1918, 113, 647) required very 
careful control and the following method was used. Nitric acid 
(100 c.c.; d 142), cooled in ice to 0—3°, was mechanically stirred, 
finely powdered 4-nitroguaiacol (10 g.) was added in one portion, 
and 50 c.c. of nitric acid (d 142) at 0° were used to wash the stirrer 
and the sides of the container. The temperature rose and when it 
reached 11—12°, usually in 2 or 3 minutes, a large volume of water 
was added, precipitating the dinitroguaiacol as a bulky, yellow, 
crystalline mass (yield, 10*5 g.; m. p. 121—122°; the pure sub¬ 
stance has m. p. 123°). 

The dinitroguaiacol (15 g.) gave 4: 6-dinitroveratrole (13*5 g., 
m. p. 97—98°; the pure substance has m. p. 101—102°) when heated 
with potassium carbonate and methyl sulphate in nitrobenzene 
solution. 

A mixture of 4 : 6-dinitroveratrole (15 g.), granulated tin (50 g.), 
concentrated hydrochloric acid (150 e.c.), and water (50 c.c.) was 
shaken, the reaction being started by gentle heating on the steam- 
bath, subsequently moderated by the addition of water (20—30 c.c.), 
and finally completed by short heating on the steam-bath. The 
filtered liquid was evaporated to dryness under diminished pressure, 
air having been displaced by carbon dioxide, and the residue was 
dissolved in water. After removal of tin as sulphide, the filtered 
solution was evaporated to dryness under the conditions previously 
employed, leaving a white, crystalline crust (15 g.). This gave the 
w-diamine reaction with nitrous acid and a purple coloration with 
ferric chloride in aqueous solution. A solution of this product 
(17 g.) and stannous chloride (3*5 g.) in air-free water (1000 c.c.) was 
refluxed for 48 hours in a stream of carbon dioxide. Tin was 
eliminated as sulphide from the filtered, yellowish solution and the 
liquid was then concentrated to about 150 c.c. under diminished 
pressure (of carbon dioxide) and extracted with ether. The com¬ 
bined extracts were dried with sodium sulphate and filtered and the 
solvent was removed, finally under diminished pressure, leaving a; 
brown oil that solidified on rubbing and was found to be /freef 
from nitrogenous material. This was dissolved in a little 
and lead acetate added, giving a small, flocculent precipitate^ t | ; %i^t^ 



3032 


CHAPMAN, PERKIN, AND ROBINSON : 


was eliminated as sulphide from the filtered solution, which was then 
evaporated to dryness under diminished pressure (carbon dioxide). 
The residue was dissolved in warm benzene; on slowly cooling, an 
oil separated; the benzene was decanted from this, and glassy 
crystals were then deposited. After recrystallisation from benzene 
the hard, transparent prisms, approximately tetrahedral in shape 
but possessing many facets, were dried in the air and then had m. p. 
76—77°. When stored in an evacuated desiccator over calcium 
chloride, the crystals became at first sticky, adhering together, and 
then in a few days dry and friable again. The anhydrous material 
had in. p. 115—116° (Found*: C, 56-5; H, 5*9; MeO, 36*2. 
C 8 H 10 O 4 requires C, 56*4; H, 5*9; 2MeO, 36*5%). The solvent 
of crystallisation was also retained when the phenol was crystallised 
from chloroform; it was water, because, in a second experiment, 
the crude product was more thoroughly dried before the crystallis¬ 
ation from benzene and the crystals (1*1 g.) then melted at 105— 
110° and at 113° after recrystallisation. 

The behaviour of this dimethoxyresorcinol with ferric chloride 
distinguishes it sharply from iretol monomethyl ether, the color¬ 
ations developed in aqueous solutions being reddish-brown and 
blue respectively. A pine shaving, immersed in an alcoholic 
hydrochloric acid solution of the phenol, becomes mauve in colour. 

Attempted Nuclear Acetylation of Antiarol.— There was no satis¬ 
factory outcome of experiments in which antiarol was (1) heated 
with acetic acid and zinc chloride, (2) treated with sulphoacetic acid 
at room temperature (compare Schneider and collaborators, Ber, y 
1921, 54, 1484, 2298, 2302; 1922, 55, 1892), (3) boiled with acetic 
anhydride containing a little concentrated sulphuric acid (compare 
Brand and Collischonn, J. pr. Chem ., 1921,103, 338), (4) treated 
with acetyl chloride alone or in presence of anhydrous ferric chloride 
with or without carbon disulphide as solvent, (5) treated in anhydrous 
ether with acetonitrile (or methoxyacetonitrile) and hydrogen 
chloride, with or without the addition of zinc chloride. 

Antiarol could not be carboxylated by means of potassium 
hydrogen carbonate, even in glycerol solution at 180° (stream of 
carbon dioxide) (compare Brunner, Annalen, 1907, 351, 359); the 
phenol was recovered unchanged. 

The relatively small nuclear reactivity of antiarol is of theoretical 
interest, a comparison with the much more reactive phloroglucinol 
dimethyl ether illustrating the depressing effect of the methoxyl 
group in the m-position to the free nuclear positions. An analogous 
phenomenon is the feeble reactivity of pyrogallol, in comparison with 
resorcinol, in the Hoeseh reaction. 

Acetyl chloride (10 c.c.) and then aluminium chloride (16 g.) 
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were added to a solution of antiarol (10 g.) in nitrobenzene (160 c.c.) 
and the mixture was heated for a short time on the steam-bath. 
The following products were isolated : (A). This was precipitated 
on addition of a little water to an alcoholic solution of the mixture; 
it crystallised from aqueous alcohol in stout, white needles, m. p. 
92—93° (Found: C, 56-7, 56-7; H, 5-5, 5*7; MeO* 24*1, 24-0. 
Ci 2 H 14 0 6 requires C, 56*7; H, 5-6; 2MeO, 24-4%). This substance, 
4 : o-dimetkoxy-2 : §-diacetylresorcinol (XVIII), is sparingly soluble 
in water, readily soluble in ether, and develops a deep red coloration 
with alcoholic ferric chloride. It dissolves in aqueous sodium 
hydroxide to a yellow solution and is not decomposed when the 
liquid is boiled. 

After the separation of (A) a second substance (B) was isolated 
by taking advantage of its relatively sparing solubility in ether. 
It was only obtained in small amount, and crystallised from benzene 
in yellow prisms, m. p. 160—161° (Found* : MeO, 28*7, 28*9. 
Ci 0 Hi 2 O 6 requires 2MeO, 29*3%). (C) was obtained in minute 

amount from the ethereal solution, after separation of (A) and (B), 
in pearly plates, m. p. 78—84°, but owing to paucity of material it 
was not further investigated. 

co : 5 : 6-Trimethoxyresacetophenone (XXIV).—A solution of 4 : 5- 
dimethoxyresorcinol (0-75 g.) and methoxyacetonitrile (0*4 g.) in 
dry ether (30 c.c.) was saturated with hydrogen chloride and kept 
over-night. A clear solution resulted, but on the addition of fresh 
dry ether, colourless crystals were precipitated and these were 
separated and washed with ether. When an aqueous solution of 
this ketimine hydrochloride was heated on the steam-bath for a few 
minutes, the normal ready hydrolysis did not occur and ether 
extracted only a minute amount of the ketone. After being kept 
for several weeks, however, the aqueous solution gradually deposited 
yellow crystals, m. p. 128—129°. The substance crystallised from 
water in long, glistening, very pale yellow needles, m. p. 129—130° 
(Found* : C, 54*7; H, 5-9; MeO, 38*3. C n H 14 0 6 requires G\ 54*5; 
H, 5*8; 3MeO, 38*4%). The ketone is readily soluble in alcohol 
and in boiling water; its solution in 10% aqueous sodium hydroxide 
is yellow, and after prolonged boiling, the unchanged substance, 
m. p. 129—130°, is recovered an acidification. The addition of 
ferric chloride to an alcoholic solution produces a holly-green 
coloration which fades to brown; in aqueous solution, the coloration 
is brownish-black. 

Anisaylacetone .—Besthom and Jaegli {Ber., 1894, 27, 810) 
‘ employed alcohol-free sodium ethoxide for the condensation of 
p-acetylanisole and ethyl acetate. We have used sodamide 
the condensing agent. Finely powdered sodamide (4 
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added to a mixture of p-acetylanisole (15 g.), ethyl acetate (22 g.), 
and dry ether (70 c.c.). A brisk reaction (reflux) supervened’and 
the mixture was occasionally shaken during an hour and then 
warmed for a few minutes on the steam-bath. The sodium salt 
was separated and after acidification of its aqueous solution with 
acetic acid, a product, m. p. 55—56°, was isolated (8*1 g.). After 
crystallisation from methyl alcohol the m. p. was 57° (literature, 
54*5°). 

Q-Hydroxy-5 : 7 : 4' 4rimet}wxy-4c-methylflavylium Chloride (XXV). 
—A mixture of 2 ; 6-dimethoxyquinol (3-4 g.), anisoylacetone 
(4 g.), and formic acid (50 c.c.; 98—100%) was saturated with 
hydrogen chloride for several hours and next day the oxonium salt 
was precipitated as a red, crystalline powder (5*5 g.) by the addition 
of ether. The chloride crystallised from dilute hydrochloric acid 
in stellar aggregates of slender, red needles (Found in material 
dried in a vacuum over potassium hydroxide : C, 58*4; H, 5-7. 
C 19 H 19 0 5 C1,1 • 5H 2 0 requires C, 58*5; H, 5*7%). On heating, the 
salt lost w r ater at 120° and then melted with decomposition at 139° 
to 145° according to the rate of heating. It dissolves in hot water 
to a red solution and in hot dilute hydrochloric acid to an orange 
solution. Addition of sodium carbonate to an aqueous solution 
gives a deep red liquid tinged with purple; on keeping, it becomes 
turbid and yellow. The reaction with sodium hydroxide is similar, 
but the change is more rapid. Sodium acetate, added to an 
aqueous solution, gives the pseudo-base as a dirty grey precipitate. 
The intensely golden-yellow solution in sulphuric acid does not 
exhibit fluorescence. Ferric chloride gives no characteristic reaction. 
After a solution of the salt in 20% aqueous potassium hydroxide 
had been refluxed for 1 hour (atmosphere of hydrogen), p-aeetyl- 
anisole was isolated from the products by means of ether. The semi- 
o&rbazone crystallised from alcohol in needles, m. p. 197°, alone or 
mixed with an authentic specimen. The ferrichloride crystallised 
from acetic acid in flat, elongated prisms, m. p. 205°, that are reddish- 
brown by reflected light and pale orange-brown by transmitted 
light (Found : 0, 43*7; H, 3*8. C 10 H 19 O 5 Cl 4 Fe requires 0, 43*4; 
H,3>7%). 

5 : 7 -Dihydroxy-6 :4' - dimethoxy - 4 -methylflavylium Chloride 

(XXVI).—A moderately rapid stream of hydrogen chloride was 
passed through a mixture of iretol (1*6 g.), anisoylacetone (2 g.), 
and formic acid (30 c.c,; d 1*2) for 2 hours. The glistening, red 
prisms that separated (3*25 g.) crystallised from 3% hydrochloric 
acid (1 g. required about 400 c.c.) in shining, red needles, which 
became duller on being kept in a vacuum over sodium hydroxide 
for $ days (Found : C, 60*0; H, 5*2. C 18 H 17 O 5 Cl,0*5H 2 O requires 
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C, 604; H, 5*1%). This specimen darkened rapidly at 100—105°, 
was very dark at 120°, shrank at 135°, became black at 150°, and 
melted with vigorous decomposition at 208°. On the other hand, 
an air-dried specimen lost water at 120°, but the salt darkened very 
slowly; it blackened from 170° to 190° and melted with vigorous, 
decomposition at 208°. 

The chloride is moderately readily soluble in water and alcohol, 
giving bright red solutions, and is sparingly soluble in dilute hydro¬ 
chloric acid, the solution being reddish-orange. The reddish- 
yellow solution in sulphuric acid becomes deep red on warming. 
Sodium carbonate, added to an aqueous solution, gives a purplish- 
red coloration, persistent even on boiling, but with sodium hydroxide 
the red colour changes to yellow and on boiling the odour of 'p-acetyl- 
anisole becomes apparent. This salt exhibits no characteristic 
ferric chloride reaction, a fact of interest in connexion with the 
constitution of carajurin. 

Addition of sodium acetate to a solution of the chloride caused the 
separation of the red anhydro-base as an oil, which solidified and 
was soluble in hot benzene to a deep red solution. 

The ferrichloride crystallised from acetic acid in compact, rhombic 
prisms, m. p. 180—181° with slight previous darkening (Found: 

C, 42*3; H, 3*5. C 18 H 17 0 5 Cl 4 Fe requires C, 42-3; H, 3*4%). The 
crystals were red in mass, exhibited a blue metallic lustre, and 
appeared brown when viewed by transmitted light. 

5 : 6:7 : 4'- Teiramethoxy - 4 -methylflavylium Ferrichloride. —A 
mixture of antiarol (2-7 g.), anisoylacetone (3 g.), and formic acid 
(35 c.c.; d 1*2) was treated with hydrogen chloride for 6 hours, and 
the saturated solution then kept for several days. The chloride , 
precipitated by ether (4*6 g.), crystallised from dilute hydrochloric 
acid in slender, silky, orange-red needles, m. p. 143—144° (decomp, 
and previous darkening). The ferrichloride crystallised from acetic 
acid in golden-yellow needles, m. p. 176° (Found : C, 44*5; H, 4*0. 
CgoHaiOgC^Fe requires 0, 44-5; H, 3*9%). 

5:6:7 :4' -TetmhydroxyA-methylflavylmm Chloride (XXVII).— 
(A) From the trimethyl ether (XXV). In our earlier experiments we 
obtained a specimen of the demethylated chloride in the usual 
manner; it formed reddish-brown prisms exhibiting a bluish- 
green lustre (Found: C, 57*8 ; H, 4*7; 01,10*3; loss at 105—110° 
in a high vacuum, 2-7. C 16 H 13 0 5 C1,0*5H 2 0 requires C, 58*3; 

H, 4*3; Cl, 10*8; H 2 0, 2*7%. The monomethyl ether, 

C X7 H 15 0 5 C13 ? 0, requires 0, 57*9; H, 4*9; 01,10*1; HgO, 5*1%)’| 
It was clearly impossible to he sure that demethylation was compfet#j| 
and the process was therefore investigated quantitatively; A.speefejl 
: .' .men of .the hntial material . (XXV).; was twice'' 
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hydrochloric acid and dried in a vacuum desiccator over sodium 
hydroxide; it differed somewhat from that described above and, 
on heating, lost water at 120° and melted at 142—143° with effer¬ 
vescence (Found: C, 49-9; H, 6*0%). We suspect that this 
product may have had the composition C 19 H 19 0 5 C1,HC1,3H 2 0, 
which requires C, 50*3; H, 5*8%, but it was sufficient for our 
purpose that the analysis indicated that it contained 71-4% of the 
anhydro-base C 19 H 18 0 5 . When the salt (0*3156 g.), mixed with 
phenol (8*0 g.) and hydriodic, acid (20 c.c.; d 1*7), was heated at 
135—145° in an atmosphere of carbon dioxide, demethylation was 
complete after 3 hours (Found : MeO, 19*8. Calc.: MeO, 20*4%), 
and this was confirmed in two further experiments. In the absence 
of phenol, however, demethylation was incomplete (Found : MeO, 
17*7%). The iodide was isolated, after the addition of ether, in 
lustrous, brownish-red, diamond-shaped plates that appeared pale 
brown by transmitted light. Addition of hydriodic acid to its hot 
solution in alcohol caused the separation of characteristic, glistening, 
radiating clusters of flat, red needles. On heating, it began to shrink 
and darken at 278° and melted with decomposition at 290°. When 
treated with pyridine (compare the behaviour of the lower homo- 
logue carajuretin hydriodide, p. 3025), the salt dissolved, but on 
stirring, needle crystals, changing to prisms, separated. The 
anhydro-base could not be isolated in a sufficiently pure form for 
analysis. 

The chloride was prepared from the iodide in alcoholic solution in 
the usual maimer by means of silver chloride. It was twice re¬ 
crystallised by the addition of concentrated hydrochloric acid to 
its alcoholic solution, which was then concentrated and cooled, and 
was obtained in reddish-brown, oblique, frequently twinned prisms. 
The smaller crystals appeared reddish-brown, but the larger ones 
had a bluish-green metallic reflex (Found in material dried in a 
vacuum over sodium hydroxide: C, 58*5; H, 4*5. C^H^O^O'SHaG 
requires 0, 68*3; H, 4*3%). A specimen was again crystallised 
(Found : C, 58*6; H, 4*4%). The salt gradually darkened above 
200°, lost its lustre at about 255°, and became very dark at 270°, 
but did not melt at 320°. It is sparingly soluble in cold water and 
moderately readily soluble in hot water to a red solution. Other 
properties are mentioned below. 

(B) Fromthedimeihyl ether (XXVI). The chloride (0*3—0*4 g.) 
was demethylated by means of hydriodic acid (20 c.c.; d 1*7) in 
presence of phenol (8 g.) for 3 hours at 135—145° with passage of 
carbon dioxide. The methyl iodide was absorbed in pyridine 
(Found : MeO, 16*7, 16*6. Calc, : MeO, 17*3%). The isolated 
iodMe had all the properties mentioned above under (A), but the 
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chloride , in this case very sparingly soluble in alcohol, crystallised 
in well-formed, hexagonal tablets, reddish-brown by transmitted 
light and exhibiting a splendid green lustre (Found : C, 59*9; H, 4-1. 
C 16 H 13 0 5 C1 requires C, 59-9; H, 4*1%). The crystals separated 
from a hot solution during the distillation of the alcohol and this 
may account for their anhydrous character, but the superficial 
difference between this specimen and the one obtained as above 
under (A) was sufficiently great to give us at first the impression that 
the substances were structurally different. Further experiments 
and comparison with the analogous case of scutellareinidin chloride 
have made it clear that the chlorides from (A) and (B) were, in fact, 
identical, although the latter was the purer specimen. The be¬ 
haviour on heating was the same as that cited above (under A) and 
all the reactions and solubility relations of the two specimens were 
found to be identical. The salt is a homologue of carajuretin 
hydrochloride and in some of its properties resembles this substance. 
A solution in aqueous sodium carbonate has a brownish-cherry-red 
colour, but on dilution with alcohol the change of shade towards 
blue is not so pronounced as is the case with carajuretin. The 
damson solution in aqueous sodium hydroxide is not so intensely 
coloured as an equivalent solution of carajuretin and when it fades 
it becomes more brownish-yellow. The colour reaction with ferric 
chloride in alcoholic solution was brownish-red; the violet tinge 
observed with carajuretin was absent. For purposes of comparison 
of the specimens prepared as under (A) and (B), the behaviour of 
the salt with acetone, chloroform, sodium acetate, ammonia, con¬ 
centrated hydrochloric and sulphuric acids was observed, but the 
details need not be recorded. 

5:6:7: 4'- Tetramethoxyflavylium Chloride (XXVIII).—A mixture 
of antiarolaldehyde (4*2 g.), p-acetylanisole (3 g.), and acetic acid 
(10 c.c.) was saturated with hydrogen chloride at 60° for 6 hours; 
on cooling and keeping, bright red needles were copiously deposited 
(6*5 g.). On heating, the salt lost water at 100—120°, darkened at 
140°, and had m. p. 145—146° (decomp.). It is sparingly soluble 
in cold water, acetone, or dilute hydrochloric acid, more readily 
soluble in alcohol, and all its solutions have a golden-yellow colour. 
The amber-yellow solution in concentrated sulphuric acid did not 
fluoresce and on heating became bright red and then deep red. 
The ferrichloride crystallised from acetic acid in orange, elongated 
prisms, m. p. 170° (Found: C, 43*5; H, 3*8. C 19 H 19 0 5 Cl 4 Fe 
requires C, 43*4; H, 3*7%). • 

5:6:7: A'-Tetrahy droxyflavylium Chloride (Scutellareinidin 
Chloride , Carajuretin Hydrochloride) (VI).—A mixture of tefcra^ 
methoxyflavylium chloride (2*5 g.), phenol (8 g.), and hydriqd|y 

' ' ■ • is 
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acid (70 c.c.; d 1-7) was boiled in an atmosphere of carbon dioxide 
for 20—30 minutes. The salt passed into solution, but glistening, 
deep red crystals slowly separated again and, after cooling, these 
were isolated (2*2 g,). The substance decomposed from 200—270° 
without melting. 

The iodide was converted in the usual maimer into the chloride, 
which crystallised from alcohol, containing concentrated hydrochloric 
acid, in shining, reddish-brown plates exhibiting a green reflex 
(Found : C, 59*3, 59*5; H, 4*1, 4*1. C 16 H 13 0 6 01 requires C, 59*9; 
H, 4*1%). As a result of later work we now regard this substance 
as consisting essentially of a scutellareinidm chloride monomethyl 
ether. It does not melt below 285°. 

Demethylations were then effected in which the amount of methyl 
iodide produced was estimated. The 5:6:7:4'-tetramethoxy- 
flavylium chloride employed was crystallised from 10% hydrochloric 
acid and obtained in hair-fine, red needles which were dried in a 
vacuum over sodium hydroxide. As before, the m. p. was 145— 
146° (decomp.), but the chlorine content (11*3%) indicated a com¬ 
plex constitution (C 19 H 19 0 6 C1 requires 01, 9*8%). The theoretical 
methoxyl content was therefore calculated from the results of 
combustions (Found: C, 55*2, 55*4; H, 5*7, 5*8; and hence complete 
demethylation requires MeO, 30*1%). The salt (0*3038 g.) was 
heated at 135—145° with hydriodic acid (20 c.c.; d 1*7) for 2*5 
hours (Found: MeO, 22*9. Calc.: for 3MeO, 22*6%); in later 
experiments the quantities of the salt and of hydriodic acid were 
similar. Addition of 2 g. of phenol raised the methoxyl eliminated 
to 24*6%; 6 g. raised it to 28*3%; and using 8 g. of phenol and 
heating for 3 hours, we found MeO, 29*5% in two experiments. 
The last conditions were accordingly employed in the preparation of 
seuteUaremidin iodide, and the phenol and hydriodic acid were 
always heated together at 135—140° to remove impurities before 
theintroduction of the flavylium salt. The iodide was collected 
after the addition of ether and had all the properties previously 
mentioned as characteristic of carajuretin hydriodide. The chloride 
crystallised from alcohol-concentrated hydrochloric acid in reddish- 
brown, rhombic tablets exhibiting a dark green metallic lustre 
(Found in material dried in a vacuum over sodium hydroxide: 
Q, 58*6; H, 3*8. C 15 H U 0 5 C1 requires 0, 58*7; H, 3*6%)* This 
Specimen, therefore, was anhydrous, whereas carajuretin hydro¬ 
chloride crystallised with 1H 2 0; nevertheless a direct comparison 
showed that the substances were identical, and this is a further 
example of the small reliance to be placed on the extent of hydration 
of flavylium salts as a guide to their individuality. Another case 
is mentioned above and it may be recalled that Malkin and 
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Robinson (J., 1925, 127, 1190) obtained two specimens of pelar- 
gonidin chloride 3 :4'-dimethyl ether, only one of which per¬ 
sistently crystallised in a hydrated form. All the reactions and 
properties given above under the heading “ carajuretin hydro¬ 
chloride ?9 were also found to be characteristic of scutellareinidin 
chloride and a specimen of the latter having the steel-blue appear¬ 
ance of the former was obtained by repeated crystallisation. Finally, 
scutellareinidin chloride was converted into an acetyl derivative of 
the pseudo-base as previously described for the carajuretin deriv¬ 
ative. The substance had m. p. 156—157°, alone or mixed with 
O-penta-acetyldihydrocaraj uretinol, and the other properties of the 
specimens exhibited no divergences. 

5 : 1-Dihydroxy-6 : 4 '-dimethoxyfiavylium Chloride (XI).—A solu¬ 
tion of p-anisyl p-hydroxyvinyl ketone (from 4 g. of the copper 
derivative) in dry ether (100 c.c.) was added to one of iretol (2*2 g.) 
in dry ether (200 c.c.), and the mixture saturated with hydrogen 
chloride for 6 hours. The red solid was separated (4 g.) and extracted 
with very dilute hydrochloric acid; the filtered solutions deposited 
microscopic red crystals, which -were recrystallised from 9% hydro¬ 
chloric acid, only 0*18 g. of the pure salt being obtained. The salt 
was also obtained and in rather better yield by using dry ethyl 
acetate as the solvent; it crystallised in minute, red needles (Found* : 
MeO, 17*4. C 17 H 1 s 0 5 C1,H 2 0 requires 2MeO, 17*6%). It did not 
melt at 260 p and was moderately readily soluble in alcohol and in 
water to red solutions that gave no distinctive coloration with ferric 
chloride. A further distinction from carajurin hydrochloride was 
the solubility in aqueous sodium carbonate to a red solution. 

The chloride (0*16 g.) was added to phenol (4 g.) and hydriodic 
acid (10 c.c.; d 1*7), and the mixture boiled with passage of carbon 
dioxide for 1*5 hours. After cooling and addition of ether, the 
demethylated iodide (0*13 g. of maroon needles) was collected and 
transformed into the chloride in the usual manner. This salt 
(yield, 0*08 g.) crystallised from alcohol-concentrated hydrochloric 
acid in clumps of dark reddish-brown, flat prisms or plates having 
a bluish-green reflex. On solution in 0*5% hydrochloric acid and 
addition of concentrated hydrochloric acid, woolly, orange-red 
needles were obtained and On reheating and slow cooling, glistening, 
rhombic prisms exhibiting a steel-blue reflex were deposited. The 
colour of the acid solutions, the solubility relations, and the re¬ 
actions with alkalis and with ferric chloride were all identical with 
those of scutellareinidin chloride and carajuretin hydrochloride. 
The preparation of O- 
be attempted in this caj 
yield in the acetylation. 


penta-acetyldihydrocaraj uretinol could not 
3e owing to paucity of material and th^ l 
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5:6: 7 -Trimethoxyflavylium Salts. —A mixture of antiarol- 
aldehyde (5*6 g.), acetophenone (3*2 g.), and acetic acid (10 c.e.) 
was saturated with hydrogen chloride at 65—70° for 6—7 hours. 
After keeping for 12 hours, the flavylium chloride was precipitated 
by the addition of ether as a reddish-brown, crystalline mass; this 
crystallised from 9% hydrochloric acid (100 c.c.) in slender, golden- 
yellow, silky needles (yield, 8-2 g.) which darkened at 110° and had 
m. p. 124—125° (decomp.). The salt is readily soluble in hot water, 
hot dilute hydrochloric acid, cold alcohol, or acetone to golden- 
yellow solutions. Its amber-yellow solution in sulphuric acid 
becomes bright red and then deep red on heating; consequently 
this reaction, shared with many other substances described in this 
communication, is due to the tetrahydroxybenzene nucleus. The 
cream-coloured pseudo-base is precipitated by the addition of sodium 
acetate or sodium carbonate to an aqueous solution of the chloride. 
The ferrichloride crystallises from acetic acid in well-formed, deep 
red prisms, m. p. 151°, exhibiting a bluish glance and appearing 
brownish-yellow by transmitted light (Found: C, 43*9; H, 3*5. 
C 18 H 17 0 4 Cl 4 Fe requires C, 43*7; H, 3-5%). The derivative is 
readily soluble in acetone to a red solution. 

5:6: 7- Trihydroxyflavylium Chloride (Baicaleinidin Chloride) 
(XXIX).—5 : 6 : 7-Trimethoxyflavylium chloride (3 g.) and phenol 
(10 g.) were added to hydriodie acid (70 c.c,; d 1*7) and the mixture 
was gently boiled in a stream of carbon dioxide for 1 hour. In this 
case the salt remained in solution during the operation and we 
attribute the complete demethylation observed to this circumstance. 
After cooling, the iodide crystallised and was collected and washed 
with ether (yield, 1*5 g.); it formed long, transparent prisms, 
reddish-brown by reflected and pale brown by transmitted light. 
It sintered above 225° and had m. p. 254° (decomp.). The con¬ 
version into the chloride was carried out in dilute alcoholic solution 
by means of precipitated silver chloride; after concentration the 
salt separated in bluish-red, metallic-looking crystals (1*8 g.) and 
was recrystallised from 9% hydrochloric acid (500 c.c.). The 
glistening, dark maroon, elongated prisms with rectangular ends 
were dried in a vacuum over sodium hydroxide, causing them to 
become opaque and lustreless (Found : C, 59*6, 59*6; H, 4*0, 4*1. 
Oi5 H iiO4d J 0*5H 2 O requires 0, 60*1; H, 4*0%). A specimen was 
boiled with hydriodie acid (d 1*7) and phenol for 4 hours, but no 
trace of methyl iodide was produced. The salt darkened above 
220° and at 250—252° appeared to soften and decompose, leaving 
a black mass which did not melt at 320°. The chloride is sparingly 
soluble in water to a browhish-yellow solution and gives a reddish- 
brown coloration with sodium hydroxide, sodium carbonate, and 
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even with sodium acetate. The brownish-red alcoholic solution 
becomes much more intensely reddish-brown on the addition of 
ferric chloride. 

We desire to thank the Royal Society for a grant which defrayed 
a part of the cost of the investigation. 
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CCCCIIL —The Reimer-Tiemann Reaction with 
m-Bromo- and m-Iodo-phenol. 

By Herbert Henry Hodgson and Thomas Alered Jenkxnson. 

Mixtures of 4-bromo-2-hydroxy- and 2-bromo-4-hydroxy-benz- 
aldehyde and of 4-iodo-2-hydroxy- and 2-iodo-4-hydroxy-benz- 
aldehyde in almost equal quantities have been obtained by the 
Reimer-Tiemann reaction from m-bromo- and m-iodo-phenol, 
respectively, which in this respect behave like m-chlorophenol 
(this vol., p. 1740). The individual constitutions were determined 
by the methods previously adopted (loc. cit.). 

Walther and Wetzlich ( J . pr. Chem., 1900, 61, 198) describe a 
substance of m. p. 52° as either 2- or 3-bromo-4-methoxybenz- 
aldehyde. The latter constitution appears to be correct, since the 
2-bromo-compound is now found to melt at 77°. 

Experimental. 

General .—Unless otherwise stated, the methods of preparation, 
general properties, and crystalline form of the various products now 
recorded are identical with those of the chloro-analogues (loc. cit.). 
The colours produced by alcoholic alkalis on alcoholic solutions of 
the ^-nitrophenylhydrazones are given immediately after the 
m. p.’s. 

(a) The Reaction with m-Bromophenol. 

4-Bromo-2-hydroxybenzaldehyde (yield, 14 g. from 67 g. of 
m-bromophenol), on being warmed with acetic anhydride and a little 
sulphuric acid, gives a mixture of mono- and tri-acetates. The sodium , 
potassium , and copper derivatives have been prepared. The oxime 
melts at 168° (Muller, Ber., 1909,42, 3698, gives m. p. 151°) (Pound : 
Br, 37*1. Calc.: Br, 37*0%). The p -nitrophenylhydrazone 
crystallises in orange-yellow micro-needles, m. p. 268° (decomp.); 
cherry-red (Pound: Br, 23-7. C 13 H 10 O s N 3 Br requires Br, 23*8%)*, * 
The semicarbazone has m. p. 212° (Found : Br, 31-2. 
requires Br, 31*0%). The benzoate is best prepared by 
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warming the sodium derivative (0*5 g.) with benzoyl chloride 
(0-3 g.), and separates from alcohol in colourless needles, m. p. 
115° (Found : Br, 26-3. C 14 H 9 0 3 Br requires Br, 26-2%); the 
pyridine method of preparation (loc. cit.) failed. 

4:-Bromo-2-?nethoxybenzaldehyde , obtained best from 4-amino- 
2-methoxybenzaldehyde (loc. cit.), melts at 71° (Found: Br, 37-3. 
C 8 H 7 0 2 Br requires Br, 37*2%). Oxime , m. p. 132° (Found : Br, 
34-8. CgHgOgNBr requires Br, 34-8%). p -Nitrophenylhydrazone , 
bright orange needles, m. p. 215°; violet-red (Found: N, 12*1. 
Ci4Hi 2 0 3 N 3 Br requires N, 12*0%). Semicarbazone , m. p. 224° 
(Found: Br, 29*3. C 9 H 10 O 2 N 3 Br requires Br, 29*4%). 4-Bromo- 
2-methoxybenzoic acid, m. p. 155° (Found: Br, 34*5. C 8 H 7 0 3 Br 
requires Br, 34*6%). 

4c-Bromo-2Jiydroxybenzoic acid, colourless plates, m. p. 214° 
(Found: Br, 36*7. 0 7 H 5 0 3 Br requires Br, 36*9%); it gives a 

violet colour with ferric chloride. 

2-Bromo-4-hydroxybenzaldehyde (yield 15 g.; compare isomeride 
above) gives copper and alkali-metal derivatives. The p -nitro- 
phenylhydrazone forms dark red micro-needles, m. p. 274° (decomp.); 
cherry-red (Found: Br, 23*6. C 13 H 10 O 3 N 3 Br requires Br, 23*8%), 
The semicarbazone has m. p. 212° (Found : Br, 30*9. C 8 H 8 0 2 N 3 Br 
requires Br, 31*0%), The oxime forms colourless needles, m. p. 184° 
(Gattermaim, Annalen, 1907, 357, 335, gives m. p. 128*5°) (Found : 
Br, 37*0. Calc,: Br, 37*0%). 

2-Chloro-4-methoxybenzaldehyde (m. p. 62*5°. Compare Tie- 
mann, Ber., 1891, 24, 699) and 2~bromoA-methoxybenzaldehyde, 
m. p. 77° (Found: Br, 37*1. C 8 H 7 0 2 Br requires Br, 37*2%) 
possess hawthorn-like odours, are insoluble in water, volatile in 
steam, and crystallise from alcohol in long, colourless needles; 
the oximes both melt at 93° (Found: Br, 34*5. C 8 H 8 0 2 NBr requires 
Br, 34*8%), the -p-nitrophenylhydrazones, orange-red needles, melt 
at 249° (decomp.), violet (Found: N, 13*7. Calc.: N, 13*7%), and 
250° (decomp.), reddish-violet (Found: Br, 22*8. C 14 H 12 0 3 N 3 Br 
requires Br, 22*8%), respectively; the semicarbazones, colourless 
micro-needles, melt at 240° (Found: Cl, 15*7. C 9 H 10 O 2 N 3 Cl 
requires Cl, 15*6%) and 232° (Found: Br, 29*2. C 9 H 10 O 2 N 3 Br 
requires Br, 29*4%). 2-BromaA-meihoxybenzoic acid , m. p, 199° 
(Found : Br, 34*4. C 8 H 7 0 3 Br reqxaires Br, 34*6%), crystallises 
from alcohol in short needles. S-BromoA-hydroxybenzoic acid was 
best prepared from 3-bromo-4-nitrophenol by reduction, conversion 
into 3-bromo-4-cyanophenol, and hydrolysis with sulphuric acid; 
it crystallises from water in colourless needles, m. p. 151° (Found : 
Br, 36*8. C 7 Hg0 3 Br requires Br, 36*9%), and gives a faint pink 
colour with ferric chloride. 
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(b) The Reaction with m-Iodophenol . 
4:-Iodo-2-hydroxybenzaldehyde, m. p. 87° (yield, 12 g. from 73 g. 
of m-iodophenol) is more slowly volatile in steam than its halogeno- 
analogues (Found: I, 51*1. C 7 H 5 0 2 I requires I, 51*2%). The 
alkali-metal, ammonium, and silver derivatives are all yellow and 
readily soluble in water; the green copper derivative is bluer than 
its isomeride. Oxime , m. p. 171° (Found : I, 48*2. C 7 H 6 0 2 MI 
requires I, 48*3%). p -Nitrophenylhydrazone, orange needles, m. p. 
242° (decomp.); cherry-red (Found: I, 33*0. C 13 H 10 O 3 N 3 I 
requires I, 33*1%). Semicarbazone , pale yellow needles, m. p. 252° 
(Found: I, 41*4. C 8 H 8 0 2 N 3 I requires I, 41*6%). Benzoate , 
best prepared by the action of benzoyl chloride on the silver deriv¬ 
ative, melts at 62° (Found : I, 36*0. C 14 H 9 0 3 I requires I, 36*1%). 

4t-Iodo-2-methoxybenzaldehyde, m. p. 85° (Found: I, 48*1. 
C 8 H 7 0 2 I requires I, 48*4%). Oxime , m. p. 138° (Found : I, 45*6. 
CgHgO^I requires I, 45*8%). p -Nitrophenylhydrazone, orange-red 
needles, m. p. 238° (decomp.); violet-red (Found: I, 31*8, 
C 14 H 12 0 3 N 3 I requires 1,32*0%). Semicarbazone, m. p. 228° (Found : 

l, 39*7. C 9 H 10 O 2 N 3 I requires I, 39*8%). &-Iodo-2-methoxybenzoic 
acid , m. p. 150° (Found: I, 45*9. C 8 H 7 0 3 I requires I, 45*7%), 
sublimes between 120° and 130° and when heated above the m. p. 
evolves iodine. 

^-Iodo-2-hydroxybenzoic acid , colourless plates, m. p. 230° (de¬ 
comp.) (Found : I, 47*8. C 7 H 5 0 3 I requires I, 48*1%); it gives a 
reddish-violet colour with ferric chloride. 

2-IodoA-hydroxybenzaldehyde is odourless, non-volatile in steam, 
and crystallises from alcohol in very pale yellow needles, m. p. 163° 
(Found: I, 51*0. C 7 H 5 0 2 I requires I, 51*2%). The alkali-metal 
derivatives are yellow and the copper derivative is less bluish-green 
than its isomeride. p -Nitrophenylhydrazone, dark red needles, 

m. p. 265° (decomp.); cherry-red (Found : I, 33*0. C 13 H 10 O 3 N 3 I 

requires I, 33*1%). Semicarbazone, pale yellow plates, m. p. 232° 
(decomp.) (Found: I, 41*3. requires I, 41*6%). 

Oxime , long, colourless needles, m. p. 155° (Found: I, 48*1. 
0 7 H 6 0 2 NI requires I, 48*3%). Benzoate, m. p. 112° (Found: I, 
36*1. C 14 H 9 0 3 I requires I, 36*1%). 

2-lodoA-methoxybenzaldehyde has a faint hawthorn-like odour, is 
volatile in steam, and crystallises from alcohol in colourless needles, 
m. p. 115° (Found: I, 48*5. C 8 H 7 0 2 I requires I, 484%). 
p -Nitrophenylhydrazone, reddish-orange needles, m. p. 247° (de¬ 
comp.) ; reddish-violet (Found: I, 31*8. C 14 H 12 0 3 N 3 I requires;' 
I, 32*0%). Semicarbazone , pale yellow needles, m. p. 2H° (Found 

l, 39*5. C 9 H 10 O 2 N 3 I requires 1,39*8%). Oxime^ colourless needl^ 

m. p. 101° (Found : 1, 45*6. G^Ojk mauiresT^4^4^£|I Mi 
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2-IodoA-methoxybenzoic acid, m. p. 184° (Found: I, 45*8, 
C 8 H 7 0 3 I requires I, 45-7%). 2-IodoA-hydroxybenzoic acid was best 
prepared from 2-iodo-4-nitrotoluene; it crystallises from water 
(charcoal) in colourless needles, m. p. 179° (decomp.) (Found: 
I, 47*9. C 7 H 5 0 3 I requires I, 48*1 %), and gives no colour with ferric 
chloride. 

The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals. 

Technical College, Huddersfield. [Received, October 10th, 1927.] 


CCCCIV.— The Mechanism of the Formation of Citric 
and Oxalic Acids from Sugars by Aspergillus 
niger. Part II. 

By Thomas Kennedy Walker, Vira Subramaniam, and 
Frederick Challenger. 

The production of citric and oxalic acids when A. niger is grown 
upon solutions containing glucose and traces of inorganic salts has 
been observed by many workers. In a previous communication 
(this vol., p. 200), it was shown that acetone, malonic acid, and 
glyoxylic acid can be detected in cultures of the mould on citric acid. 
The formation of glycollic, glyoxylic, and oxalic acids by the action 
of A, niger on calcium acetate was also established, and the sug¬ 
gestion was brought forward that the change glucose—>• citric 
acid —>- oxalic acid takes place in stages thus ; glucose -—>- 
gluconic acid *—^ saccharic acid -—Py-diketoadipic acid —> 
citric acid —> acetonedicarboxylic acid -—^malonic and acetic 
acids -—>• acetic acid (2 mols.)—^glycollic acid—^glyoxylic 
acid—*> oxalic acid. 

Molliard, Butkewitsch, and Bemhauer have shown that gluconic 
acid is readily produced in cultures of A. niger on glucose, while both 
Wehmer and Schreyer have converted gluconic acid into citric acid 
by the further action of this or a similar mould. The present 
authors (he. ctt.) brought forward strong evidence of the formation 
of citric acid when A. niger is grown on solutions of dipotassium 
saccharate. It was detected by the formation of the basic mercuric 
sulphate compound of mercuric acetonedicarboxylate on treatment 
of the culture with acidified mercuric sulphate and potassium per¬ 
manganate (Denig&s 9 test, Ann. Chim. Phys ri 1899, 18 , 414). The 
citric acid was characterised as dibenzylideneacetone. 

The statement of Broeksmit (Pharm. Weehblad, 1917, 54, 687) 
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that oxidation of malic acid by potassium permanganate gives rise 
to acetone, detected solely by formation of iodoform with iodine 
and ammonium iodide, would, if correct, render identification of 
citric acid by this method uncertain. It is difficult to see how malic 
acid could yield acetone on oxidation, and on repeating Broeksmit’s 
test a strong odour of acetaldehyde was noticed. Acetaldehyde 
readily gives iodoform with iodine in ammonium iodide, such a 
solution being no specific test for acetone. 

In the case of the cultures on dipotassium saccharate it was not 
possible to separate the citrate as calcium salt from the large excess 
of saccharate (see p. 3049). Evidence of the production of acetone- 
dicarboxylic acid (ferric chloride test) on oxidation of the contents of 
the culture medium was, however, obtained. When the mould is 
grown on potassium hydrogen saccharate solution, potassium 
citrate is formed in considerable amount. Further evidence of the 
importance of saccharic acid in the mycological production of 
citric acid is afforded by its isolation in the form of the potassium 
hydrogen salt from cultures of A . niger on glucose. Apart from the 
observation of Griiss (Jahrbuch. wiss. Bot ., 1926, 66, 155, 171, 177) 
that saccharic acid is formed by the action of the nectar yeasts 
Anthomyces Reukaufii and Amphiernia rubra on glucose, this would 
appear to be the only recorded instance of the production of this acid 
by micro-organisms. Griiss identified it microscopically as the 
caesium hydrogen salt. 

In cultures of the nectar yeast Microanthomyces septentrionalis 
on glucose Griiss found gluconic and oxalic acids ( Woch . Brauerei , 
1927,44,233). 

In view of the occurrence of gluconic acid in A. niger cultures, 
and of the results just mentioned, it was to be expected that gluconic 
acid would yield saccharic acid by the action of the mould. This 
has been shown to be the case, since growth of A. niger on calcium 
gluconate solutions gives rise to calcium saccharate and some citrate. 
A different type of reaction was observed by Boutroux (Compt. rend ., 
1886, 102, 924) and by Bertrand (Ann. Chim. Phys.> 1904, 3, 279), 
who isolated 8-ketogluconic acid from cultures of a micrococcus and 
of the sorbose bacteria on gluconic acid or its calcium salt. The 
same result was obtained by Kluyver and de Leuuw (Tijdschrift 
voor vergelykende geneeskunde, 1924, No. 10) with Acetobaeter sub- 
oxydans and calcium gluconate. 

Seekamp (Annalen, 1893, 278, 374) describes the photochemical 
formation of acetone from aqueous citric acid in presence of 
uranium oxide. In Part I of this research the formation of acetone 


in cultures of A . niger on citric acid was demonstrated and aso 
to the decarboxylation of acetonedicarboxylic acid, althoia^hg 
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of its presence was lacking. By employing ammonium citrate 
instead of the free acid, acetonedicarboxylic acid has now been 
detected by the colour test with ferric chloride, and by the formation 
of the diphenylhydrazone of mesoxaldialdehyde on treatment of 
the culture with benzenediazonium chloride (yon Pechmami and 
Jenisch, Ber ., 1891, 24, 3257). 

The only reference in the literature to the possible formation of this 
acid by a micro-organism is afforded by the observation of von 
Lippmaim (Ber., 1893, 26, 3058; 1908, 41, 3981) that a specimen of 
the calcium oxide compound of sucrose, after long keeping in a 
closed vessel, was converted into calcium acetonedicarboxylate. 
A five years old preparation had completely decomposed, giving 
calcium formate, acetate, oxalate and carbonate. No bacterio¬ 
logical examination of the products was made, but Lafar (“Hand- 
buch der techn. Mykologie,” Jena, 1908, II, 487) suggests that 
micro-organisms were responsible. Von Lippmann (Ber., 1920, 53, 
2070) also describes the isolation of calcium malonate and calcium 
succinate from a solution of pure sucrose containing lime water 
which had become infected with bacteria, moulds, and yeasts. These 
observations are of interest, since malonic and acetonedicarboxylic 
acids have now been detected in pure cultures of A. niger on citric 
acid or a citrate. The close relations of saccharic, citric and acetone¬ 
dicarboxylic acids and acetone disclosed in this research may have 
some bearing on the work of Wirth (Biochem. Z., 1911, 33, 49), who 
found that addition of gluconic, saccharic or mucic acid to blood 
supplied to a perfused dog's liver can lead to a decided formation 
of acetoacetic acid. 

Oxalic acid is produced by the growth of the mould on am¬ 
monium acetonedicarboxylate, presumably by way of malonic and 
acetic acids, though its formation by the oxidation of “ nascent 99 
acetone produced by hydrolysis and decarboxylation is not excluded. 

The tentative explanation of the mycological decomposition of 
citric add suggested on p. 3044 requires the production of two 
molecules of acetic acid. This has not previously been detected 
with certainty.in cultures of A. niger on sugars or citric acid, apart 
from the work of Heinze (Ann. mycologici , 1903, 1, 350). This 
author refers to its formation in old cultures on glucose, but gives no 
experimental details. Acetic acid, however, may readily be isolated 
from ten-day cultures on citric acid, converted into acetone by dry 
distillation of its calcium salt, and characterised as the p-miro- 
phenylhydrazone. B. lactis mrogenes is stated to give rise to two 
equivalents of acetic acid from one of citrate (Bosworth and Prucha, 
J. Biot Chwi., im, 8, 479). 
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malonic acid was described. The quantity was, however, very 
small, judged from the amount of the aminoguanidine derivative of 
glyoxylic acid which was isolated. This observation has now 
been confirmed, the aldehydo-acid being precipitated as the di- 
xanthylhydrazone (Fosse and Hieulle, Compt. rend., 1925,181, 286), 
but again in very small quantity. In view of the labile nature of 
glyoxylic acid and its ready conversion into oxalic acid, this is 
perhaps not surprising. The isolation of glycollic acid from cultures 
of A . niger on calcium acetate is described in Part I. When the 
mould is grown upon calcium glycollate and ammonium glycollate 
the formation of glyoxylic and oxalic acids, respectively, may be 
detected, thus affording further evidence that the acetic—-^oxalic 
change proceeds as indicated in the scheme on p. 3044. 

In Part I (this vol., 200) attention was directed to the suggestion 
of Franzen and Schmitt (Ber., 1925, 58, 222) that citric acid in 
plants is formed from saccharic acid by loss of 2H 2 0 giving rise to 
0O 2 H*CHIC(OH)*C(OH)ICH*CO 2 H, which, in its keto-form, under¬ 
goes a “ benzilic acid transformation,” giving citric acid. The 
conversion of saccharic into citric acid by A. niger doubtless follows 
the same course, and is being investigated from this point of view by 
the authors. 

Such an elimination of water from saccharic acid may possibly pro¬ 
ceed in living organisms in a different but equally symmetrical 
manner, giving rise to C0 2 H*C(0H):CH*CH:C(0H)-C0 2 H, which by 
loss of carbon dioxide would yield succindialdehyde. In presence 
of ammonia this would form the pyrrole ring, so frequently occurring 
in nature. The observations of von Lippmann and of Ciskiewicz 
(Ber., 1892, 25, 3218; 1893, 26, 3063) that solutions of ammonium 
mucate and saccharate, after spontaneous infection by atmospheric 
organisms, contain pyrrole are therefore of considerable interest 
and will be further investigated. 

In view of the authors 5 demonstration of the biochemical signi¬ 
ficance of saccharic and acetonedicarboxylic acids, the ingredients 
of Robinson's synthesis of tropinone (J., 1917, 111, 762) are seen to 
bear a simple relation to glucose, and the probability that similar 
syntheses of nitrogen compounds occur in nature (Robinson, ibid,, 
p. 880) appears to be enhanced. 

Experimental. ■ ■ 

Fermentation of Glucose. Detection of Saccharic Acid.—A medium ; 
containing glucose (300 g.), ammonium nitrate (3*2 g.), potassium^' 
dihydrogen phosphate (0*6 g.), and water (2000 c.o.) wa$ 
and inoculated with a young culture of A. niger grown on th%s&$|^ 
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medium. A thick growth formed in 3 days at 31°. No saccharic, 
citric, or oxalic acid could be detected on the fourth or fifth day. 
On the sixth, while citric and oxalic acids were still absent, neutralis¬ 
ation of 150 c.c. of the culture with potassium carbonate, acidification 
with acetic acid, evaporation, and extraction with hot alcohol to 
remove glucose left a residue of about 0*2 g. of a salt giving the 
reactions of potassium hydrogen saccharate. Next day, traces of 
citric acid were detected by Deniges’ test, but no oxalic acid. The 
whole of the solution was then neutralised and treated as before, 
giving 1*65 g. of a salt insoluble in alcohol, but containing much 
citrate. The conversion of saccharic into citric acid appears, there¬ 
fore, to be very rapid after a certain phase in the development of 
the mould is reached. By a modification of the conditions, however, 
this difficulty was evaded. Twelve 300 c.c. flasks (A—L), each con¬ 
taining 150 c.c. of the medium, were sterilised. Six of these (A—F) 
were inoculated on the same day, and the remainder (G—L) after 
24 hours. All were incubated at 30—32°. Growth occurred 3 days 
after inoculation. 

Flask A was examined for saccharic, citric, and oxalic acids on the 
third day, flask B on the fourth day, C on the fifth, and so on. 
Traces of an insoluble potassium salt were isolated from C, 0-3 g. 
from D, and 0*8 g. from E, whilst only in E was any citric or oxalic 
acid to be found! After this satisfactory indication, the contents of 
flasks G—L were united on the sixth day after inoculation, filtered, 
treated with potassium carbonate and acetic acid as before, and 
evaporated. Repeated extraction of the residual syrup with 
boiling alcohol left a residue of 3*6 g. of a potassium salt. On 
recrystallisation from a very little hot water, this gave pure potass¬ 
ium hydrogen saccharate (Found: K, 15*7. Calc.: K, 15*7%, 
0*0502 and 0*0461 required 20*2 and 18*5 c.c. of iV/100-NaOH. 
Calc., 20*23, 18*57). A portion was converted into the sparingly 
soluble thallous hydrogen salt, and the thallium determined as 
thallous iodide (Found : Tl, 49*3. Calc.: Tl, 49*4%). 

Fermentation of Calcium Gluconate. Detection of Saccharic Acid .— 
The calcium gluconate was prepared by Bert’s modification of 
Blancheti&re’s method {Bull. Soc. chim 1923, 33,345, 73&), and its 
purity checked by determinations of calcium (Found: Ca, 9*3. 
Calc. : Ca, 9*3%) and the specific rotation, [«]» + 7*7°. The medium 
contained water (1000 c.c.), calcium gluconate (20 g.), and the usual 
mineral salts in the proportions contained in Molliard’s solution 
M (this vol., pp. 202—204). Inoculation with mycelium from a 
200 c.c. culture gave growths on the fourth day at 31°. On the 
next day the solution was filtered, concentrated to 800 c.c. under 
diminished pressure, and boiled; a precipitate containing calcium 
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citrate (1-2 g.) then separated. Further boiling produced no 
deposit and the filtrate was concentrated in a vacuum to 350 c.c. 
On cooling, a white solid (3-7 g.) separated which was free from 
citrate. It was recrystallised twice with difficulty from much hot 
water (calcium saccharate is sparingly soluble) and dried over 
sulphuric acid (Found : Ca, 16*0. Calc. : Ca, 16-1%). 

0*7 G. was boiled with 0*5 g. of potassium carbonate in 10 c.g. of 
water, and the filtrate acidified with acetic acid. The resulting 
potassium hydrogen saccharate was recrystallised twice from hot 
water (0'0623 and 0*0712 required 25*0 and 28*7 c.c. of N/lOO-NaOH. 
Calc., 25*13, 28*8), and a portion of it then converted into thallous 
hydrogen saccharate (Found : Tl, 49*3. Calc. : Tl, 49*4%). 

Fermentation of Dipotassium Saccharate . Detection of Citric 
Acid .—A solution containing 40 g. of the normal potassium salt in 
2000 c.c. of solution M was sterilised and inoculated. After 28 days 
at 31° the presence of citric acid was detected by Denig&s’ test. 

5 G. of the evaporated culture were oxidised by hot 2% potassium 
permanganate solution in presence of acidified mercuric sulphate 
solution, giving a white solid, A few grams of this were washed, 
suspended in water, and treated with hydrogen sulphide. The 
filtrate from the mercury sulphide was repeatedly extracted with 
ether, and the wet solvent evaporated under diminished pressure. 
The slight aqueous residue gave a reddish-purple coloration with 
ferric chloride, similar to that produced by acetonedicarboxylic 
acid, thus confirming the presence of a citrate (Deniges, Ann. Chim . 
Phys., 1899, 18, 408, 414). This reaction was not due to the 
presence of the keto-acid in the original culture, as this would have 
been decomposed during evaporation. Only a trace of a precipitate 
was obtained with mercuric sulphate before oxidation with perman¬ 
ganate, and this was removed. 

Attempts were then made to precipitate calcium citrate from the 
culture, but the presence of the saccharate had a disturbing effect. 
Normal calcium saccharate is very sparingly soluble in water, but 
soluble in excess of calcium chloride. This solution gives no pre¬ 
cipitate on boiling, even on evaporation to a small bulk. When 
citrate is present, however, the clear solution gives a precipitate 
when boiled which contains saccharate and citrate, no separation 
being effected. When a mixture of dipotassium saccharate and 
potassium citrate is treated in the cold with calcium chloride 
approximately equivalent to the saccharate, the resulting precipitate 
contains both saccharate and citrate. The filtrate on boiling 
deposits calcium saccharate. 

When insufficient calcium chloride is added the initial precipita^;| 
of calcium saccharate redissolves. On boiling the dear 
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successive deposits are obtained which contain saccharate, citrate 
being present in some cases. 

In other experiments, the saccharic acid was partly removed 
as the potassium hydrogen salt by addition of acetic acid to the 
concentrated culture, and the filtrate was neutralised with potassium 
carbonate, treated with calcium chloride, and boiled. Calcium 
citrate was not precipitated and it was then found that excess of 
sodium acetate greatly retards the precipitation of this salt from 
hot solutions. The effect of salts of other organic acids on the 
precipitation of calcium citrate appears to have received very little 
attention. 

Fermentation of Potassium Hydrogen Saccharate. Detection and 
Isolation of Citric Acid .—The mould grew more readily on solutions 
of the potassium hydrogen salt than on those of the normal salt. 
A mixture of solution M (2000 c.c.) and potassium hydrogen 
saccharate (40 g.) was sterilised, inoculated and incubated at 31°. 
On the fourteenth day citric acid was detected by Deniges’ reagent 
(loc. cit. } p. 384), whereupon the remainder of the solution (1800 c.c.) 
was filtered, concentrated under diminished pressure, and evaporated, 
leaving 36 g. of moist residue. A duplicate experiment yielded 34 g. 
The residues were united and heated under reflux for 1 hour with 
400 c.c. of 65% alcohol (in which potassium hydrogen saccharate 
is insoluble, but potassium citrate is easily soluble), and the solution 
was filtered and evaporated. The residue was converted into the 
lead salt, which was decomposed by hydrogen sulphide, and the 
filtrate from the lead sulphide was decolorised with charcoal and 
evaporated (3*6 g.). After three crystallisations from dry ether- 
light petroleum, its m. p., alone or in admixture with anhydrous 
citric acid (m. p. 153°), was 153-5° (0-1212 and 0*0560 required 
37*7 and 17*5 c,c. of A'/20-NaOH. Calc., 37*8, 17*5. Found: 
O, 37*5; H, 4*7. Calc,: C, 37*5; H, 4*2%). A portion was 
neutralised with, potassium hydroxide and treated with thallous 
nitrate, and the resulting thallium salt was twice crystallised from 
hot waterand analysed (Found : Tl, 76*4,76-6. Calc,: Tl, 76*4%). 

; Fermentation of Ammonium Citrate , Detection of Aeetonedi- 
mrbcm/lie Acid .—^A medium containing ammonium citrate (20 g.) 
and citric acid (4 g.) in solution M (2000 c.c.) was inoculated from 
test-tube cultures, growth occurring on the third day at 31°, On 
the third, fourth, and fifth days 50 c.c. of the culture were removed, 
filtered, and treated with 3 g. of sodium acetate, and a benzene- 
diazonium chloride solution (prepared from 0*3 g. of aniline) was 
added at 0°. On the fifth day, a red ooloration was observed after 
3 hours. A further iG c.b of the culture were shaken with 50 c.c, 
Id Denig&s* mercuric sulphate solution, a white precipitate being 
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obtained. (Acetone in dilute solution gives a precipitate only on 
warming.) These two tests were regarded as indications of the 
probable presence of acetonedicarboxylic acid. 

At this stage 1800 c.c. of the filtered culture were treated with 
corresponding proportions of benzenediazonium chloride solution 
and sodium acetate at 0°. A red precipitate formed in 8 hours. 
This was separated, washed with ice-water, dried (1-3 g.), washed 
with light petroleum, and recrystallised from alcohol and then from 
ethyl acetate; it then melted at 175°, and at 175—176° in admixture 
with the diphenylhydrazone of mesoxaldialdehyde (m.p. 175—176°) 
prepared from acetonedicarboxylic acid and benzenediazonium 
chloride (Found; N, 21*3. Calc.: JNT, 21*1%). Both specimens 
gave a deep violet coloration with sulphuric acid (Billow reaction). 

Fermentation of Citric Acid . Detection of Acetic Acid .—The 
medium employed contained 3*5 g. of citric acid in 4000 c.c. of 
solution M. After sterilisation it was inoculated with 700 c.c. of a 
three days’ culture of A. niger on the same medium. Growth was 
observed on the third day at 31°. 50 C.c. of the culture were then 
withdrawn on successive days and carefully distilled in steam and 
the volatile acids were determined. On the third and fourth days, 
0*4 c.c. of N /20-sodium hydroxide was required, on the seventh 
3*8 c.c., ninth 10*2, tenth 11*8, eleventh 11*9, twelfth 11-0. The 
whole of the culture was then filtered, neutralised with sodium 
carbonate, concentrated in a vacuum to 100 c.c., acidified with 
phosphoric acid, and carefully distilled in steam till the distillate 
was no longer acid (200 c.c.). This was neutralised with sodium 
carbonate and evaporated and the residue (2*8 g.) was extracted 
with 15 c.c. of 95% alcohol, in which sodium acetate is soluble. 
The residue (04 g.) contained no formate. The alcoholic extract 
was evaporated; the residue, which appeared to be sodium acetate, 
was converted into the silver salt, which was crystallised twice from 
hot water and dried (Found : Ag, 64*4, 64*8. Calc.; Ag, 64*7%). 
A further portion of the sodium salt was distilled with phosphoric 
acid, the distillate neutralised with calcium carbonate, and the dry 
calcium salt distilled, giving a few drops of liquid, which were 
warmed with 30 c.c. of Deniges 5 mercuric sulphate solution (Part I, 
p. 206). The resulting precipitate (2*8 g.) was separated and 
decomposed by distillation with 5 g. of sodium iodide and 10 ox. of 
water, and the distillate was collected in a solution of 'p-nitro- 
phenylhydrazine acetate (Part I, p. 207). Long, yellow needles 
separated in 3 hours which, recrystallised from alcohol, melted at 
148*5° and did not depress the m. p. 
of acetone-jp-nitrophenylhydrazone. 

Malonic acid also is a product o; 


(148*5°) of an authentic specim^S 


f the fermentation of 
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by A. niger. In order to exclude the possibility that the acetic acid 
arose by the decarboxylation of this acid (normally occurring at 
140°) a mixture of 100 c.c. of solution M, 1 g. of citric acid, and 1 g. 
of malonic acid was distilled in steam. The distillate was not acid. 

j Fermentation of Ammonium A cetonedicarboxylaie. Detection of 
Oxalic Acid. —The medium contained the ammonium salt (20 g.) 
in solution M (2000 c.c.). It was prepared and sterilised as in the 
case of the ammonium glycollate solution, inoculated, and in¬ 
cubated at 32°. Oxalate was found on the eighteenth day by 
removing 20 c.c., boiling with dilute hydrochloric acid to decompose 
the keto-acid (which gives a sparingly soluble calcium salt), neutral¬ 
ising the solution with ammonia, and adding calcium chloride. 

The main bulk was then treated in a similar manner, complete 
decomposition of the keto-acid being indicated by the absence of a 
precipitate with Deniges’ solution, which detects 1 part of acetone- 
dicarboxylic acid in 5000 parts of water. The calcium oxalate was 
dissolved in hydrochloric acid, reprecipitated, and dried (1-6 g.) 
(Found : Ca, 31-2, Calc. : Ca, 31-25%. 0*1436 required 44*9 c.c. 
of JV/20-KMhO 4 . Calc., 44*87). 

Fermentation of Malonic Acid. Detection of Olyoxylic Acid. —The 
medium contained 20 g. of malonic acid in 2000 c.c. of solution M. 
It was inoculated with mycelium from a smaller culture on the same 
medium and incubated at 31°. On the seventeenth dajr a positive 
reaction for glyoxylic acid was obtained with naphtharesorcinol. 
1000 C.c. of the filtered culture were treated with 1 c.c. of 50% 
hydrazine hydrate and then with 4 g. of xanthhydrol dissolved in 
1000 c.c. of glacial acetic acid. After addition of water and 
shaking, the precipitate was separated, and centrifuged with a 
slight excess of alcoholic N -sodium hydroxide; by this means any 
trixanthylhydrazine remains insoluble, The clear liquid was 
decanted and treated with acetic acid, and the pale pink crystalline 
precipitate was recrystallised twice from chloroform-light petroleum 
(0*5 g.). After drying in a vacuum over calcium chloride, it melted 
at 146-5°. In admixture with an authentic specimen of the 
dixanthylhydrazone of glyoxylic acid (m. p, 147°) it melted at 
146-5°. 

A blank experiment was carried oiit on the unfermented medium, 
but no precipitate was obtained on acidification of the alkaline 
alcoholic extract. 

Fermentation of Malonic Acid. Detection of Oxalic Acid.—A 
sterilised solution containing 25 g. of malonic acid in 2500 c.c. of 
solution M was inoculated and incubated at 30°. On the eighteenth 
day oxalate was detected on addition of calcium chloride to the cold 
solution, whereupon 800 c.c. were withdrawn, filtered, concentrated 
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in a vacuum to 400 c.c., and neutralised with ammonia, and excess 
of 10% calcium chloride solution was added. The precipitate was 
redissolved in dilute hydrochloric acid and reprecipitated with 
ammonia (Found : Ca, 31*3, 31*2, Calc.: Ca, 31-25%. 0-0832 and 
0*0976 required 25*9 and 30*10 c.c. of JV/20-KMnO r Calc., 26*0, 
30*5). (Under the experimental conditions any glyoxylic acid 
would be partly converted into oxalic acid.) 

Glyoxylic acid or its ammonium salt in 2% aqueous solution 
gives no precipitate with cold calcium chloride unless the solution 
has been boiled and again .cooled, calcium oxalate then being 
precipitated. 

Fermentation of Calcium Olycollate. Detection of Glyoxylic Acid .— 
The medium contained 40 g. of calcium glycollate in 4000 c.c. of 
solution M. The water was first sterilised and the glycollate added. 
The solution gave no test for glyoxylic acid and was inoculated with 
mycelium from four test-tube cultures on the same medium and 
incubated at 22°. On the sixth day a mixture of 10 c.c. of the 
medium, 10 c.c. of hydrochloric acid, and a trace of 1 : 3-dihydroxy- 
naphthalene was boiled for 1 minute, cooled to 16°, and extracted 
with ether, which acquired a purple colour (naphtharesorcinol test) 
indicating the presence of glyoxylic acid or a similar compound. 

On the twenty-seventh day 1800 c.c. of the culture were treated 
with 7g, of aminoguanidine acetate, giving after 3 days a yellow 
deposit (0*3 g.). On recrystallisation from hot water this had m. p. 
155° and did not depress the m. p. (155°) of an authentic specimen 
of the aminoguanidine derivative of glyoxylic acid. 

A further 1800 c.c. of the filtered medium were treated with 
1 c.c. of 50% hydrazine hydrate and then with 4 g. of xanthhydrol 
in 1800 c.c. of glacial acetic acid (a blank experiment was carried 
out on 1800 c.c. of acetic acid) (see p. 3052). On addition of water 
a white precipitate was produced. This was separated after an 
hour, dried, and treated with alcoholic A-sodium hydroxide. The 
resulting solution was filtered and acidified with acetic acid, and the 
precipitate was washed with aqueous alcohol, dried over soda-lime, 
and twice crystallised from chloroform-light petroleum; it then 
melted at 147° and did not depress the m. p. (147°) of an authentic 
specimen of the dixanthylhydrazone of glyoxylic acid (Found: 0, 
71*8; H, 4*85. Calo. : C, 72*1; H, 4*7%). The acetic acid used as 
solvent was shown to be free from glyoxylic acid both by the 
naphtharesorcinol and by the xanthhydrol test. 

Fermentation of Ammonium Glycollate . Detection of Oxalic Acid .— 
The medium contained 20 g. of ammonium glycollate in 2000 c.c. of i 
solution M* It was not sterilised in the usual manner, the glyeoUife 
acid being dissolved in sterile water, almost, neutralist! 
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monia and diluted with sterile water. Inoculation was effected with 
200 c.c. of a smaller culture on the same medium. On the tenth day 
1800 c.c. of the culture were filtered, treated with a slight excess of 
10% calcium chloride solution, warmed; and filtered. The precipi¬ 
tate was dissolved in hydrochloric acid and reprecipitated with 
ammonia (2*9 g.) (Found : Ca, 31*2. Calc. : Ca, 31-25%. 0*1237 
required 38-6 c.c. of i^/20-KMnO 4 . Calc., 38*65). 

The cost of this investigation has been in part defrayed by a grant 
from the Government Grant Committee of the Royal Society. A 
State Scholarship awarded to one of us (V. S.) by the Ministry of 
Development, Government of Madras, has enabled him to participate 
in the research. To both of these bodies the authors wish to express 
their thanks, and also to Mr. P. D. Coppock, M. Sc., for carrying out 
the fermentation of calcium glycollate and the analysis of the 
products. 

The Municipal College of Technology and 

the University, Manchester. f Received, October 8th, 1927,] 


CCCCV .—The Influence of Alkalis on the Coagulation 
of Silica and Clay Suspensions by Alkali 
Chlorides . 

By Henby Bowen Oakley. 

Many studies have been made on the coagulation of clay suspensions 
and silicic acid sols by electrolytes, but hardly any systematic 
observations have been made on the influence of the reaction of the 
medium on the results, although Bradfield (J. Amer. Ghent. Soc., 
1923, 45, 1243) has shown that this factor has a great influence on 
the coagulation of clay, as on most other aqueous colloidal systems. 

In continuance of the comparison of the properties of clay and 
silica made in these laboratories, a comparative study of the coagul¬ 
ation of a fine suspension of the latter substance was also made. 
The results suggested that silica on which small quantities of alumina 
had been precipitated might behave like clay in its coagulation by 
mixtures of alkali-metal chlorides and hydroxides. This proved 
to be the case when certain conditions were observed, and the 
general results lend further support to the view that the reactions 
involved in the absorption of alkalis by clay and its coagulation are 
of a chemical nature. The experiments recorded in this paper are 
confined to the alkali-metal and calcium chlorides and hydroxides. 

Description, amd' Preparation of Clay .—The clay used in these 
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experiments was No. 10195, prepared from a heavy cotton soil by 
decantation from 0*05% sodium carbonate. It was flocculated by 
dilute hydrochloric acid (NJ 100) and purified to a high resistance by 
dialysis. The molecular ratio Si0 2 : A1 2 0 3 was about 4. The clay 
was practically identical with No. 6640 described by Joseph and 
Hancock (J., 1924,125, 1888) and contained 0-15% of humus. It 
may be objected that the process of purification may largely alter 
the characteristics of clay; this is certainly true in that an u acid ” 
clay has very different properties from the same clay combined 
with a base, but there is no evidence that the process of purification 
alters the clay in any other way. 

Experimental. 

The Nephelometric Method of Measuring the Concentration of Clay 
Suspensions .—In some of the experiments the amount of clay 
remaining in suspension in the various tubes after 1 hour was 
estimated by comparison with a standard suspension of clay in a 
Klett nephelometer. Preliminary experiments showed that, con¬ 
trary to expectation, neutral flocculants even in excess did not 
affect the turbidity if the suspension was stirred immediately before 
the measurement was made. The addition of alkalis, however, 
produced a very marked decrease in turbidity, the effect apparently 
being dependent only on the nature of the alkali and not on its 
concentration. The following table shows the effect produced by 
hydroxides and carbonates, the turbidity of a 0*1% purified clay 
suspension being taken as unity and used as standard. 


Ba. Ca. NH 4 . K. Na. Li. 

Hydroxide... 0-95 0*93 0-84 0-81 0-58 — 

Carbonate .. — — 0*82 0*84 0*64 0*50 


The order is approximately that of the Hofmeister series. This 
decrease in turbidity was allowed for in measuring the concentration 
of alkaline suspensions by using an alkaline standard. 

The Flocculation of Clay by Mixtures of the Chlorides and Hydr¬ 
oxides of the Alkali Metals. —Following Bradfield (loc. cit .), a series 
of mixtures was prepared, N with respect to sodium, containing 
sodium chloride and sodium hydroxide in ratios ranging from 2:1 
to 200:1. Each mixture was added in increasing amounts to a 
series of large boiling-tubes. Water was added to make the volume 
up to 45 c.c., and then 5 c.c. of a 1% suspension of purified clay 
(10195) were added at 5-minute intervals to each tube. These 
were'shaken a dozen times by hand, and after standing undisturbed/| J 
for 1 hour, 10 c.c. were withdrawn with a pipette 3'5 cm. below j 
surface. The height of each column of liquid we^&feoutrf^ 
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The amounts of clay in these samples were estimated in the nephel- 
ometer, and when required, the of a further sample was also 
measured electrometrically with a Clark’s cell. 

Some of the results are plotted in Fig. 1. The ordinates represent 
the percentage of the total amount of clay remaining in suspension 
after 1 hour and the abscissae the total concentration of the sodium. 
The interesting effect is observed that the curves for mixtures in 
which the ratio of chloride to hydroxide is 25 to 1 or, more show a 
pronounced maximum and minimum, the range of the latter increas¬ 
ing with increasing ratio of chloride to hydroxide, until with pure 
sodium chloride the maximum has disappeared completely. This 


Fig. 1. 



phenomenon has been observed with different clays and only fails 
when the initial reaction of the suspension is alkaline {Nature, 1926, 
117, 624). It is also shown with a more limited range of mixtures 
by kaolin, but here the ratio of chloride to hydroxide must not be 
less than 250 to 1, The same phenomenon is shown with lithium, 

' potassium, and also calcium at much lower concentrations and for 
mixtures in which the ratio of calcium chloride to calcium hydroxide 
varies from 1 :1 to 3 :1. 

The following scheme compares the effects of mixtures of potassium, 
sodium, and lithium chlorides with their respective hydroxides 
in which the ratio of chloride to hydroxide is 100:1. A minus 
; i, sign indicates no flocculation in 1 hour, and a plus sign indicates 
-that less than 30% remains in suspension after 1 hour. 
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Fig. 2. 




Minimal concentration of sodium (equiv, per litre) for flocculation in 1 hour* 


It will be noticed that the flocculating power and the first zone 
of coagulation decrease in passing from potassium to lithium. This 
phenomenon was not observed by Bradfield ( loc . citi), who worked 
on the finest fraction of clay separated by means of a supercentrifuge. 
His suspension, although acid, had not been treated with N /100- 
hydrochloric acid before purification, as in the present work, and -1 
his observations were made after the suspensions had. been standing^) 
for 24 hours. 
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The influence of the alkalinity on the minimal concentration of 
kation required to flocculate clay in 1 hour can best be summarised 
by plotting these quantities. In Fig. 2, the concentration of 
hydroxide added is plotted against this minimal concentration, and 
in Fig. 3 the final p R is similarly plotted. The minimal concentration 
is defined, for the purpose of these curves, as that concentration 
which allows between 20 and 40% of the clay to remain in suspension 
after 1 hour. The results for kaolin and for silica on which a small 
quantity of aluminium hydroxide has been precipitated are also 
included in these diagrams, and will be discussed later. The most 


Eio. 3. 



important characteristic of these curves is that the minimal con¬ 
centration of sodium required for flocculation rises very rapidly on 
the addition of small quantities of alkali, and reaches a very pro¬ 
nounced maximum when the concentration of alkali added is 
Q-0Q9N or when the is 9. This for a 0*1% suspension corresponds 
to the amount of sodium this clay can absorb without beginning to 
break down into soluble silicates and aluminates (Oakley, this vol., 
P* 2819). A curious feature of the curves in Fig. 3 is the sudden 
drop in the and its subsequent rise with increasing concentrations 

of sodium, and this in spite of the steadily increasing concentrations 
; of fdkaH as shown in Fig. 2. Although the measurements in this 
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neighbourhood are admittedly difficult to repeat, there is no doubt 
of the reality of the effect which has been observed in each of the 
three substances studied. The fall in is due to increased absorp¬ 
tion of sodium with increasing sodium-ion concentration accompanied 
by the liberation of an equivalent quantity of hydrogen ions. The 
combination of the clay with sodium is accompanied by an increase 
in the concentration of sodium ions required to flocculate it in a 
given time. That sodium chloride has, a very large effect in decreas¬ 
ing the of clay suspensions is shown by the following figures. 
The effect is far greater than that produced on sodium silicate which 
is in true solution, and it is generally agreed that this is due to the 



combination of sodium with the clay acid, with the liberation of an 
equivalent quantity of free acid. 

The lowering of by the addition of neutral salt. 

1 % Clay suspension. Sodium silicate (Si0 2 = 0*02Af). 

NoNaCl. 2V/2-NaCI. No NaCl. J&T/2-NaCl. 

10*70 9*30 10*72 10*39 

10*01 7*85 9*90 9*02 

9*40 7*00 9*40 9*00 

8*60 6*30 — ■— 

The Flocculation of Clay by Calcium Chloride and Hydroxide,— \ 
These results are plotted in Fig. 4; as with sodium, the ndtumal ^ 
concentration of calcium required for flocculation shows a sudden /; 
increase to a maximum with the addition of small' 
calcium hydroxide, but here the concentrations ar 
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those for sodium, and the at the maximum is 7 instead of 9. 
The curve for the specific conductivity shows that the decrease 
in the minimal concentration above a p n of 7 is even more marked 
than that indicated by the other curve, which shows the initial 
concentration of calcium added. As with sodium, the results 
indicate that the combination of the clay with calcium in the initial 
stages is accompanied by an increase in the concentration of calcium 
ions required to flocculate it in 1 hour. This is directly opposite 
to the results obtained by Comber (J. Agric. Sci., 1920, 10, 425) 
and confirmed by Kermack and Williamson (Nature, 1926, 117, 
824), who found that clay was more readily flocculated by calcium 
in an alkaline medium. The discrepancy is due to the fact that these 
workers used more concentrated solutions and consequently much 
higher rates of flocculation than those described in this paper. This 
is clearly shown by the following results (Nature, 1926,118, 661) for 
the time required to flocculate a 0-1% suspension in solutions of 
calcium hydroxide and chloride at various concentrations. 




Time required for flocculation. 

Cone, of Ca** ions. 

"ca(OH) 2 . 

CaCl 2 . 

2 Ca(OH) a + CaClJ 

0*001 

7 hours 

14 mins. 

6 hours 

0*002 

28 mins. 

10 „ 

32 mins. 

0*003 

2 „ 

7 „ 

12 „ 

0*004 

1-5 „ 

6 „ 

4*5 „ 

0*005 

1-5 „ 

6 „ 

3*5 „ 

0*010 

IS „ 

6 „ 

1*5 „ 

0*014 

is „ 

6 „ 

1*5 „ 


It is shown below that a suspension of silica is only coagulated 
by calcium chloride or sodium chloride in an alkaline medium. I 
suggest that the reason why clay is coagulated more readily in 
an alkaline medium only when the concentration of the alkali is 
above a certain value is that at these higher concentrations some 
of the clay is broken down into silicates (Oakley, he . cit.) md thus 
behaves in flocculation like silica. 

The FIffect of Alkalis on the Flocculation of Silica. —Smith (J. Amer. 
Chem. Soc 1920, 42, 461) noticed that silicic acid is coagulated by 
sodium and calcium hydroxides at concentrations of 0-1 and 0*002, 
respectively, but not at all by the chlorides at a concentration of 
0*07. These results have been confirmed for a silica suspension. 
The silica used in these experiments was purified by repeated 
treatments with hot concentrated hydrochloric acid, washed by 
decantation, and "dialysed to a high specific resistance. It was then 
reduced to a finely divided state by repeated, grinding in a wet 
condition in an agate mortar and sedimentation. In this way, a 
1% suspension was obtained which remained in suspension for 2 
hours. The following table gives the minimum concentration of 
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sodium required to cause coagulation of a 0-1% suspension in 1 hour, 
various mixtures of sodium chloride and sodium hydroxide being 
used. The experiments were made in test-tubes, the volume being 
10 c.c., and 1 c.c. of the 1% suspension being added last. 


The flocculation of silica by sodium chloride and hydroxide mixtures. 


NaCl:NaOH. 

Cone. 

NaOH, 

xioo. 

Cone. 

Na, 

xioo. 

Pe* 

NaClrNaOH. 

Cone. 

NaOH, 

xioo. 

Cone. 

Na, 

xioo. 

Pe- 

0 ; 1 

9-0 

9 

12-21 

300: 1 

0-14 

42 

9*21 

10 : 1 

1-2 

12 

1M3 

500 : 1 

0-11 

55 

8-73 

25: 1 

0-56 

14 

10-53 

1000 : 1 

0-07 

70 

8*20 

60: 1 

0*40 

20 

10*06 

2000 : 1 

0*045 

90 

7-27 

100 : 1 

0*26 

26 

9-77 

1 : 0 

0-00 

100 

No 

200 : 1 

0-18 

37 

9-54 




floec. 


Some of these results are plotted in Figs. 2 and 3. Above a p K 
of 10, the points for silica lie close to the curve for kaolin, but with a 
decrease in the the flocculating concentration for silica continues 
to increase rapidly, whereas for kaolin and clay it shows a sudden 
decrease. 

The Flocculation of Silica by Alumina .—It was thought that this 
difference in the flocculating concentrations for clay and silica 
might be connected with the presence of combined alumina in the 
former substance, and it was accordingly decided to precipitate 
small quantities of alumina on silica and to find out how this product 
behaved towards coagulation by mixtures of sodium chloride and 
hydroxide. 

In the following experiments the effect of sodium hydroxide on 
the coagulation of silica by aluminium chloride was studied. The 
order of adding the reagents has an effect. In these experiments 
the 1% silica suspension was always added to the aluminium 
chloride solution, and the sodium hydroxide was added last. The 
final concentration of silica was 0-1%. The following scheme 
summarises the results. The sign of the charge of the resultant 
suspension was determined by cataphoresis in a U-tube. 

Flocculation of a 0*1% silica suspension by aluminium chloride and 
sodium hydroxide. 


AlCla 

NaOH 

Sign of 

Whether flocculated 


id. per litre). 

(mol. per litre). 

charge. 

or not. 

PE* 

<0*0001 

0 

— ■ 

Defloeeulated 


0*0001 

0 

Neutral 

Flocculated slowly 

2*4 

>0*0001 

0 

+ 

Defloeeulated 


0*0001 

<0*0002 

Neutral 

Flocculated slowly 


0*0001 

0*0002 

, Neutral 

Flocculated 


0*0001 

>0*0002 

- —' ' 

Defloeeulated 


0*001 

<0*003 

4“ 

Defloeeulated 


0*001 

0*003 

Neutral 

Flocculated 

mm 

0*001 

>0*004 

. ■ 

Defloeeulated j 

5 L 





3062 OAKLEY : INFLUENCE OF ALKALIS ON THE COAGULATION 

Small quantities of aluminium chloride flocculate silica, but 
larger quantities give a stable electropositive suspension. The 
addition of sodium hydroxide in quantities approximately equivalent 
to the aluminium chloride rapidly flocculates the silica, but the p K 
at which this most rapid flocculation takes place depends on the 
concentration of aluminium chloride. The further addition of 
sodium hydroxide results in the formation of a stable electro¬ 
negative suspension. I think these results are most simply accounted 
for by supposing the particles of the electropositive suspensions to 
be coated with aluminium hydroxide, which therefore imparts the 
properties of a suspension of this substance to the silica. Thus, 
like aluminium hydroxide, it is electropositive and is easily flocculated 
by the addition of sodium hydroxide. With the further addition 
of caustic soda, a surface layer of sodium aluminosilicate is formed, 
which, like clay, is electronegative owing to surface ionisation 
into sodium ions and insoluble aluminosilicate ions. This substance 
should therefore behave like clay with regard to flocculation by 
mixtures of sodium chloride and hydroxide. 

The Preparation and Flocculation of “ Aluminated ” Silica .—A 
stock of silica coagulated with aluminium hydroxide was prepared 
by adding to a 1% suspension of silica, water, aluminium chloride, 
and then sodium hydroxide in amounts to make the final con¬ 
centrations 0*5% of silica, 0*001 Af-aluminium chloride and 0-0023W- 
sodium hydroxide, To obtain coagulation, it was necessary to 
determine these concentrations with some care by making initial 
trials on small quantities. The suspension was centrifuged, the 
supernatant liquid decanted, and water added to the residue to 
make the suspension 1%. This was stable when diluted to 0*1%. 
The settled material was about four times as bulky as silica. A 
series of flocculation experiments using mixtures of sodium chloride 
and hydroxide was then made on 0*1% suspensions in test-tubes 
as with silica: the results are plotted as triangles in Mgs. 2 and 3. 
An: exactly similar series of observations was made on a pure suspen¬ 
sion of kaolin : these results are shown as crosses in the figures* 
The curves for the two substances have closely similar characteristics, 
although the maximum in both cases is less pronounced than for 
clay. 

Both C€ aluminated ” silica and kaolin showed successive floccul¬ 
ation, deflocoulation, and flocculation on the addition of increasing 
quantities of alkaline sodium chloride, provided the ratio of chloride 
to hydroxide was not less than 250:1. Silica, however, does not 
show this phenomenon. The following scheme compares the 
behaviour of the three substances towards flocculation by a 300 :1 
mixture of sodium chloride and hydroxide. The negative sign 
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indicates no flocculation, and the positive sign flocculation after 
1 hour. It should be mentioned that these results were obtained on 
a suspension of “ aluminated ” silica only 2 or 3 days old; a few 
experiments on a preparation which had been standing several 
months showed a change in the concentrations required for 
flocculation. 

Cone, of Ha* ion, X 10 s . Silica. “Aluminated ” silica. Kaolin (10118). 
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Comparison of the Fbcculating Powers of Sodium Hydroxide , 
Carbonate and Bicarbonate .—As might be anticipated from the 
curves in Fig. 3, sodium hydroxide flocculates at a lower concen¬ 
tration than the carbonate, which in turn flocculates at a lower 
concentration than the bicarbonate, since this is the order of decreas¬ 
ing alkalinity of the three compounds. This is illustrated in the 
following table: 


Concentration of alkali required to flocculate in 1 hour. 


Clay. NaOH. NTa a CO a . NaHC0 8 . 

Gezira (10195) . 0-05 0-30 0*35 

Mongalla (18107) (red) .. 0-21 0-32 0*32 

Kaolin (10118) . 0*09 0*40 0-42 

Silica ....... 0-09 0-42 0*95 

“ Aluminated ” silica . 0*09 0*25 0*60 


In the present paper, I have purposely omitted any discussion 
of the mechanism of flocculation, owing to the absence of any really 
satisfactory theory of the phenomenon for colloids in general, but 
I think that the maxima and minima in the curves of Fig. 1 can be 
regarded as the outcome of two opposing factors in the stability 
of clay. The first factor, which tends to stabilise the suspension, 
is the formation of a sodium compound with the clay; the extent 
to which this takes place will depend upon the reaction of the 
medium and the concentration of sodium ions, and reaches a limit 
between Pk 9 and 10 (Oakley, be. tit.). The second factor, whiefe 
tends to flocculate the suspension, is the concentration of eleotr 
in solution. With increasing concentrations of 6 
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sodium chloride, the clay is first flocculated at a low concentration 
because it remains essentially an “ acid clay ” and contains no 
sodium to stabilise it. With higher concentrations, sodium is 
absorbed in increasing quantities until the sodium-clay complex is 
sufficiently lyophilic to withstand quite high concentrations of 
sodium chloride, but the concentration at which this second de¬ 
flocculation takes place will depend on the alkalinity of the mixture 
used, being lower the greater the concentration of alkali until, with 
strongly alkaline mixtures, sodium-clay compounds are formed from 
the start and no minimum occurs in the flocculation curve. The 
deflocculated sodium clay is finally flocculated by increasing con¬ 
centration of electrolyte. 

With regard to the mechanism of flocculation, the theory of 
mutual electrical repulsion between the particles is very inadequate, 
as McBain has pointed out (Colloid Symposium Monograph , 1926, 4, 
13). I think the views put forward by Duclaux (J. Chim. phys., 
1909, 405) on the importance of osmotic forces in colloidal solutions 
and suspensions offer the most hopeful starting point in the develop¬ 
ment of an adequate theory of their stability. 

Summary. 

1. Certain mixtures of sodium, potassium, lithium, or calcium 
chloride with the respective hydroxide, when added in increasing 
amounts to a purified clay suspension, at first flocculate, then fail 
to flocculate, and finally flocculate the clay again. The phenomenon 
is shown by kaolin and also by silica coagulated by a small quantity 
of alumina, but not by pure silica, and it fails only when the suspen¬ 
sions are alkaline. The flocculating powers are in the increasing 
order: lithium, sodium, potassium, calcium, the last being about 
10 times as powerful as sodium. 

2* There is a pronounced maximum between a p K of 9 and 10 in 
the concentration of sodium or calcium chloride required to flocculate 
clay or kaolin. The “ aluminated 99 silica is remarkably similar 
to kaolin in respect of the influence of alkalis on the concentration 
of sodium chloride required for flocculation, and both these sub¬ 
stances have similar characteristics to clay with regard to flocculation. 

3. Silica is flocculated by sodium or calcium chloride only when 
the medium is alkaline. The minimal concentration required for 
flocculation rises rapidly as the alkalinity diminishes. 

4. Silica is flocculated by O-QOOlAf-aluminium chloride; greater 
concentrations give a stable electropositive suspension. The 
subsequent addition of small quantities of sodium hydroxide at 
fir^t flocculates the suspension and then gives a stable electro-, 
negative suspension. 
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5. Clay is more readily flocculated by calcium hydroxide than 
by calcium chloride at equivalent concentrations provided the 
concentration exceeds 0*003iV\ Below this concentration calcium 
chloride is the better floceulant. 

IJwish to express my appreciation of the helpful interest of 
Dr. A. F. Joseph in this work. 

Welcome Tropical Research Laboratories, 

Khartoum. [ Received, June 29tfi, 1927.] 


CCCCVI .—The Interaction of Bromine with Acetic 
Anhydride: Part III . Arrest of the Reaction. 

A Comparison with the Bromination of Acetone * 

By Herbert Ben Watson. 

The powerful negative catalytic effect of quinoline and the less 
marked influence of certain other basic substances on the bromin¬ 
ation of acetic anhydride have been referred to in Part II (this 
voL, p. 2458). The author finds that the reaction of bromine with 
acetone can be arrested in a similar manner. When bromine is 
added to acetone in carbon tetrachloride at 25°, no measurable 
reaction occurs for a short time; the disappearance of bromine then 
becomes perceptible, and almost immediately attains great speed, 
owing to the very powerful catalytic effect (Meyer, Annalen , 1911, 
380, 238) of hydrogen bromide upon enolisation in non-ionising 
solvents. Addition of a trace of quinoline arrests the reaction 
during a long period, and it seems simplest to suggest that the 
arrest is due to removal of hydrogen bromide as the hydrobromide 
(or hydrobromide perbromide, Grimaux, Bull. Soc. chim ., 1882, 
38,124; Trowbridge, J. Amer. Chem. Soc,, 1899,21, 66) of the base. 
The well-known inhibition, by certain nitrogen-containing com¬ 
pounds, of gaseous photochemical reactions has been interpreted in 
terms of the energetics of the system (Chapman and MacMahon, 
J,, 1909, 95, 1718; 1910, 97, 847) and of surface phenomena 
(NTorrish, J., 1925,127, 2319), but the view here put forward of the 
influence of quinoline on a reaction which takes place in the liquid 
phase and in the dark appears to account for the observed facts. 

A similar interpretation may be applied to the case of acetic 
anhydride, and is rendered the more probable by the fact that 
quinoline is without effect in presence of 1*6 equivalents of sulphuric 
acid. The reaction of the base with the halogen acid produced in, J 
the bromination of the enolised anhydride will preyent the formati^^ft 
of any appreciable quantity of acetyl bromide (or any acetyl 
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formed may be converted into an additive compound with quinoline; 
Dehn, «/. Amer. Chem. Soc. } 1912, 34, 1408); the main series of 
reactions, involving the bromination of the acid bromide, is thus 
eliminated until sufficient hydrogen bromide has been formed (in 
the slow change through the enolised anhydride) to react with the 
whole of the base. Moreover, removal by the quinoline of the 
greater part of the hydrogen bromide normally present in the 
equilibrium (CH 3 *C0) 2 0 4- HBr ^ CH 3 *C0 2 H + CH 3 *COBr (Part 
II, p. 2459) renders the enolisation of the anhydride so slow as to be 
imperceptible; the values of h f given in Part II refer to the rate of 
enolisation in presence of this hydrogen bromide. The prolonged 
period of inertness is thus explained. The shorter duration of this 
period in presence of pyridine, ^oquinoline, triethylamine, or 
dimethylaniline may be attributed to a larger amount of hydrogen 
bromide present in equilibrium with the base and its hydrobromide, 
B,HBr ^ B + HBr. The relatively feeble effect of aliphatic 
primary and secondary amines is to be expected, since they can be 
acetylated by the anhydride, as is also the complete inactivity (and 
even slight accelerating influence) of aniline and monomethylaniline, 
which are not only acetylated, but also substituted in the benzene 
nucleus, hydrogen bromide being evolved. 

The effect of acetyl nitrate (Part II) also may be ascribed to the 
removal of hydrogen bromide (and perhaps of acetyl bromide), with 
consequent elimination of the main series of reactions and the 
rendering of the enolisation of the anhydride imperceptibly slow. 
That the removal is here due to oxidation is indicated by a con¬ 
siderable liberation of bromine when acetyl bromide is added to 
acetic anhydride containing nitric acid. Addition of 4 mols. of 
acetyl bromide per mol. of nitric acid completely annuls the effect 
of the latter, while on further addition of the acid bromide the 
disappearance of bromine is accelerated in the normal manner. 
Acetyl nitrate also retards the bromination of acetone, but does not 
arrest the reaotion completely, as quinoline does. Nitric acid, on 
the other hand, shortens the time needed for the reaotion to become 
perceptible (compare Lapworth, J., 1904, 85, 31). 

The arrests referred to in Part II may be attributed, in general, 
therefore, to the removal of hydrogen bromide (and perhaps some¬ 
times of acetyl bromide) as a consequence of either the basic or the 
oxidising quality of the inhibitor. 

Experimental. 

Bromination of Acetone in Carbon Tetra<Moride .~-The carbon 
tetrachloride was shaken with aqueous sodium hydroxide and then 
k with water, dried, and fractionated. Acetone, purified by the 
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sodium iodide method, was dried over calcium chloride and frac¬ 
tionated. The quinoline was dried over solid potassium hydroxide 
and fractionated, and the nitric acid was distilled from sulphuric 
acid and freed from nitrous acid by passage of carbon dioxide. The 
velocity determinations were carried out by withdrawal at intervals 
of 2 c.c. of the reaction mixture, addition to aqueous potassium 
iodide, and titration of the iodine. In Table I, titres are expressed 
as c.c. of N/5 0-thiosulphate. 


Table I. 


Acetone = 

0*218Af. 

Acetone = 

0- 109ikf. 

Acetone — 

0-218IH. 

Time (mins.). 

Titre, 

Time (mins.). 

Titre. 

hno 3 « 

0*025Af. 

0 

14*48 

0 

13*98 

Ac 2 0 — 

0-030AT. 

9 

14*48 

10 

13*92 

Time (hrs.). 

Titre. 

10 

14*42 

12 

13*88 

0 

12*48 

10-5 

14-32 

13 

13*85 

1 

12*32 

11 

13*98 

14 

13*60 

7*5 

11*62 

11*5 

0 

15 

0 

22*5 

10-05 





31 

9*32 

Acetone = 

0-218M. 

Acetone = 

= 0-218IH. 

46 

,8*05 

HNO a - 

0-025K. 

Quinoline — 0*003M. 

70 

5*95 

Time (mins.). 

Titre. 

Time (hrs.). 

Titre. 

119 

3-75 

0 

12-48 

0 

12-58 

166 

1*62 

5 

12*48 

164 

12*55 



7 

0 

222 

12*45 





232 

0 




Bromination of Acetic Anhydride .—Purification of materials and 
experimental procedure were as described in Part II. Titres in 
Table II are expressed as c.c. of N /10-thiosulphate. Reactions 
1(d) and 11(b) are identical with the reaction of bromine with pure 
acetic anhydride. 

Table II. 

I. Effect of quinoline and sulphuric acid in conjunction; 
quinoline = 0-0064M. 


Fall in titre after (mins.) 
Ratio, Initial ^—-- 


4H l S0 4 /C,H 7 N. 

titre. 

10. 

20. 

30. 

40. 

50. 

60. 

(a) 1-01 

10*35 

0 

0 

0 

0 

0 

0 

(b) 1*27 

10-15 

0 

0 

0*02 

0*60 

1*55 

3*00 

(c) 1*48 

9*95 

0*05 

0-60 

1*88 

3*30 

4-60 

5*85 

(d) 1*62 

10*22 

0*20 

1*58 

2-92 

4*38 

6-75 

7*08 

<e) 1*82 

10-52 

0*82 

2*20 

3*82 

5-45 

6-75 

8*10 


II. Effect of nitric acid and acetyl bromide in conjunction; 
HN0 3 = 0*0032Jf. 

Fall in titre after (mins.) -'."ZJ- f 

■. Ratio, ' Initial ' ^-----^-*———-—•—x, ; C: 

AcBr/HH0 8 . titre. 15. 30. 45. 6Q. 75. 90, 

(a) 2*0 10*75 0 0 0 0 0 0 . 

(b) 4*3 10*70 0*72 2*55 4*68 6*72 8*18 9*10 

(c) 7*3 11*15 0*75 4*10 6*60 8*22 9*32 

(d) 13*4 10*75 2*32 5*30 7-30 8*68 9*60 . 
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In conclusion, the author wishes to express his thanks to Professor 
K. J. P. Orton, E.R.S., for much helpful advice and criticism, to 
Dr. H. I. Hughes for carrying out some of the experiments, and to 
the Chemical Society for a grant towards the expenses of the 
research. 

University College of North Wales, 

Bangor. [Received, October 26th, 1927.] 


CCCCVII .—Trypanocidal Action and Chemical Constitu¬ 
tion . Part VII . s -Carbamides and Arylamides 
of Naphthylamine-di- and - tri-sulphonic Acids with 
Some Observations on the Mesomorphic State . 

By Isidore Elkanah Balaban and Harold King. 


The discovery of the substance known as Bayer 205 marks an 
epoch both in the development of chemotherapy and in the treat¬ 
ment of trypanosomiasis. The chemical identity of this substance 
remained for long undivulged owing to war conditions, but the 
group of substances of which it is a member was plainly covered 
by a series of patents taken out by the firm of Bayer from 1914 
onwards (D.R.-P. 278122, etc.). The structure was elucidated by 
Poumeau, Trefouel, and Vall6e (Ann. Inst. Pasteur , 1924, 38, 81), 
who showed that Bayer 205 was in all probability the 5-carbamide 
of m'-aminobenzoyl-m-aminotoluoyl-l-naphthylamine-4 : 6 : 8-tri- 
sulphonic acid (I), 


SG«H NH 00<^ NMe NH-OONH Me<f \cO-NH SO s H 

‘ * N4coQ> O 00 ^ 




(i.) 

It is natural that the discovery of an intensely trypanocidal 
agent like Bayer 205, colourless and containing no metallic group 
to which its toxic properties might be referred, should stimulate 
enquiry into the general principles governing its mode of action. 
On this point the patents are not informative, but Bteymann (Z. 
mgew. Ghent, 1924, 37, 585) and Rohl (Arch. Schiff . Trop. Hyg 
1926,30, Beiheft 1,103), both of the firm of Bayer and representing 
respectively the chemical and the pharmacological side, have con¬ 
tributed considerably to an insight into the general principles 
■.involved. \ 

As early as 1904 Ehrlich and Shiga made the fundamental dis- 
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covery that Trypan-red (II), a member of the Congo-red series of 
cotton dyes, can cure an experimental infection of trypanosomiasis 
in mice. 



Following on this, Nicolle and Mesnil, in a classic paper {Ann. 
Inst . Pasteur , 1906, 20, 417), examined a long range of cotton dyes 
all belonging to the Congo-red type and found the substance having 
the best curative action on infection with Trypanosoma gambiense 
in rats and monkeys to be the ^-carbamide (III), a derivative of 
1 : 8-aminonaphthol-3 : 6-disulphonic acid (H-acid) called Afridol 
Violet. 


ByST OH OH NH 2 

\nh*co*nh<( / 

(IIL) SOaHl^J^ 

There are obvious disadvantages in dyes as therapeutic agents 
when applied to man or cattle, and if the therapeutic action of dyes 
is due to fixation by tissues it should be possible to prepare colour¬ 
less substances of similar build and similar properties. The 
chemists of the firm of Bayer therefore chose as their starting point 
H-acid and prepared (IV), the colourless analogue of (III). 


OH m-CO/^NH^ OH 

/V \—/ \—/ y\ /\ 


This substance delayed the death of mice suffering from trypano¬ 
somiasis by one day. Now from contemporaneous work on dyes 
it was known that substantive character to cotton was favoured by 
the presence of chains of aminobenzoyl groups and by the linking 
of these by carbonyl chloride. When, therefore, the aminobenzoyl 
groups in (IV) were duplicated in chain formation there was an 
increase of activity, but a falling off when they were triplicated. 
By chemical evolution from this striking discovery there resulted 
the gradual elaboration of the substance Bayer 205. It is quite 
clear from Heymann’s account that the discovery of Bayer 205 
arose from the recognition of the fact that it is possible to prepare 


colourless substances of substantive properties, which, being of 
similar molecular build to trypanocidally active dyes, also exhibit 
trypanocidal properties. 

Bohl (loc. ciL), while also recognising the substantive prop^^K 
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of these colourless substances, made the significant observation that 
these colourless complex carbamides form precipitates at very high 
dilutions with some of the simplest basic proteins, e.g., clupeine, 
salmine, thymine, and sturine—constituents of the spermatozoa of 
fish. As a consequence, he supposes that the action of Bayer 205 
on trypanosomes is due to a combination of the sulphonie acid 
groups with basic cell constituents of the parasites forming difficultly 
soluble salts. 

Although the outline of a plausible picture of the principles 
underlying the action of Bayer 205 has been presented, no experi¬ 
mental evidence has been adduced in support of it. The work 
detailed in this communication was therefore undertaken in order 
to familiarise ourselves with this important field and to test the 
views which have been advanced. 

Tor this purpose six readily accessible naphthylaminedisulphonic 
acids have been used as a starting point, viz., Freund’s acid 
(l-naphthylamine-3 : 6-disulphonic acid), amino-G-acid (2-naphthyl- 
amine -6:8- disulphonic acid), C-acid (2-naphthylamine-4 : 8-di- 
sulphonic acid), amino-J-acid (2-naphthylamine-5:7-disulphonie 
acid), H-acid (8-hydroxy-l-naphthylamine-3 :6-disulphonic acid), 
and 2R-acid (8-hydroxy-2-naphthylamine-3 : 6-disulphonic acid). 

These with the exception of H-acid have been converted into 
their 5-carbamides, H-acid under the same conditions yielding the 
internal OA’-carbonyl derivative, 1: $-QN-carbonyhminomphthol - 
3 : 6-disulphonic acid . They have also been converted into their 
m-nitrobenzoyl derivatives and these in turn into the m-amino- 
benzoyl derivatives. The latter have been phosgenated to form 
the s-carbamides and have also been converted into the m'-nitro- 
benzoyl-m-aminobenzoyl derivatives. The latter have finally been 
reduced to the m'-aminobenzoyl-w-aminobenzoyl derivatives, which 
on phosgenation have given the s-carbamides. The general scheme 
of synthesis is shown below : 

| NHgR RNH-CONHR 

N0 2 # Bz*NHE (First carbamide) 

(1st) NHg-Bz-NHR RNH*Bz-NH«CO-NH-Bz-NHR 

Y N0 2 *Bz*NH*Bz*STHR {Second carbamide) 

(2nd) NHa-Bz-NHBz-NHR^RNH-BzNH-BzNH-CO-NHBz-NHBz-NHR 

(Third carbamide) 

(Bz == •C 6 H 4 *00*) 

These have all been isolated in a state of purity free from sodium 
chloride and, excluding the nitro-compounds, have been tested for 
toxicity on normal mice and for trypanocidal action on mice 
:-in&eted experimentally with T. eqmperdtm. The maximum doses 
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tolerated by mice expressed in milligrams per gram of mouse are 
given in the following table : 

Aminobenzoyl derivatives. Carbamides. 


First. Second. First. Second. Third. 

Freund’s Acid . 4-0 3*25 >2*0 1*5 0*4 

Amino-G-Aeid . 1*5 1-0 1*75 0*5 0*2 

C-Acid . 3*0 10 2*0 1*0 0*3 

Amino-J-Acid . 3*0 0*75 1*75 1*0 0*3 

H-Acid . 2*25 10 3*0* 0*3 0*3 

2B-Acid. >2*5 0*7 2*0 0*1 0*2 


* OiV-Carbonyl derivative. 

It will be observed that there is a very rough parallelism between 
the corresponding derivatives of different acids. The only com¬ 
pounds showing any trypanocidal action, and that of a low order 
as indicated below, are those carbamides the tolerated doses of 
which are expressed in heavy type. For these, the curative 
action is shown in the following table, each substance as a rule 
being tested on 4 or 5 infected mice, and r signifying the number 
of days before relapse occurred in the most favourable cases : 


Second carbamide. Third carbamide. 

Amino-G-Acid .... 0*3, r = 4 0*2, r = 7 

G-Acid ..... 0*5, T = 5 0*3, r = 12 

Amino-J-Acid ... 0*5, r =*= 1 No action 

H-Acid ....... 0*2, r « 5 0*175, r = 5 


The striking fact emerges from these results that trypanocidal 
activity only appears at the 5-carbamide stage of combination of 
the aminobenzoyl and aminobenzoylaminobenzoyl derivatives and 
that there is no trace of activity in any of the aminobenzoyl com¬ 
pounds. All the derivatives, moreover, of Freund’s acid and of 
2R-acid examined were inactive. This is contrary to the claim 
made in D.R.-P. 288273, where the 5-carbamide of m'-aminobenzoyl- 
m-aminobenzoyl-l-naphthylamine-3 :6-disulphonic acid is said to 
cause the disappearance of trypanosomes from the blood of infected 
animals at high dilutions. This particular substance had not the 
slightest detectable action on the course of infection of T, equi~ 
perdum in mice, and trypanosomes exposed to 1% concentration of 
it for 24 hours in vitro were not rendered non-infeetive by it. 

As the efficacy of the above-mentioned active carbamides was 
of a very low order, it was deemed of interest to investigate the 
corresponding series of compounds from the parent 1-naphthyl- 
amine-4 : 6:8-trisulphonic acid* contained in /Bayer 205, par¬ 
ticularly as Foumeau et alii ( loc . cit.) have recorded a chembthfp® 
apeutic index, CjT, of 1/12 for the 5-carbamidb of m'-aiDinobenzo^g 

* For brevity of nomenclature, this acid is hereinafter referred to as' 
following Foumeau (loc. cit.). '/ '■ /S- 
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m-aminobeiizoyl-1-naphthyl amine-4 : 6 : S-trisulphonic acid, and 
Bohl (loc. cit.) states that the simple 5-carbamide of B-acid is 
weakly active. 

The following table gives the tolerated and the curative doses 
observed for the parallel series of derivatives of B-acid. 

Aminobenzoyi 

derivatives. Carbamides. 

-'S / 1,1 -*S—,1 ' ^ 

First. Second. First. Second. Third. 

2*0 1*5 >4*0 1*0 0*3 

None None 4*0, r > 30 None 0*15, r >30 
2*5, r » 15 

This table supports the main conclusion drawn from the previous 
tables that trypanocidal activity is only found in the s-carbamides 
and is absent from the parent acids and their aminobenzoylated 
derivatives. 

Substantive Properties and Trypanocidal Action . 

Although the recognition of the substantivity of colourless 
substances, i.e., their affinity for natural fibres, was in the minds 
of the discoverers of Bayer 205 and led to its development, the 
question arises whether the therapeutic action of Bayer 205 or 
any of its analogues is due to this substantive property. Fortun¬ 
ately, this can, at least to some extent, be submitted to the test of 
experiment. 

As the result of preliminary trials on the dyeing at 100° of pure 
wool, silk, and cotton by two members of the Congo-red series of 
dyes, namely, Trypan-red and Trypan-blue, with and without the 
use of “ assistants,” it was found that cotton was the most suitable 
fibre and sodium chloride the best “ assistant.” The same con- 
ditions could now be applied to the invisible dyeing of cotton by 
the colourless series of substances synthesised and tested for 
trypanocidal activity as related above. A limitation is, however, 
imposed in that it is only possible to 4 4 develop ” the invisibly dyed 
» cotton in those instances where there is a free naphthol group 
1 present. This limits the applicability of this mode of detection 
of the degree of substantivity of these colourless substances to the 
derivatives of H-acid and 2R-acid. Accordingly each substance 
(0*01 g.) mentioned in the table below was dissolved in water 
(10 c.c.), sodiism chloride (0-5 g.) added, and a cotton skein (0*5 g.) 
immersed in tli&, solution. The solution was heated at 100° for 
H hours; the cotton was then removed and washed five times by 
decantation with w&ter, 50 c.c. each time, and the colour was 
developed on the cottorf- immersion in neutral diazotised jp-nitro- 
aniline at 12° as recommenced for developing colour on cotton in 


Acid. 

Posts toUrata ... 3*0 

Posts curativa ... None 
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dyeing practice. After thorough washing, the skeins of cotton 
were dried, and the colour intensities compared by means of a 
Lovibond tintometer. The same conditions were used with deriv¬ 
atives of 2R-acid except that 2*5% sodium chloride was used, 
higher concentrations having a salting-out effect even at 100°. 
The following table gives the relative colour intensities of the dyed 
skeins of cotton expressed in terms of the content of naphthol, 
the assumption being made that the azo-compounds formed from a 
given acid and its derivatives are all analogously constituted and 
of equal tinctorial value per unit naphthol molecule. The free 
acids, their first carbamides, and their first nitrobenzoyl derivatives 
are omitted from the table, as they were under these conditions 
devoid of substantive property. 

Aminobenzoyl Nitrobenzoyl Carbamides. 
derivatives. derivatives. 

_A_ _ _ 

r . -\ s' 'x 

First. Second. Second. Second. Third. 


H-Acid . 1 2 14 6 

2R-Acid. 4 5 2 9 12 


The salient feature of this table is the pronounced maximum of 
substantivity to cotton at the 5-carbamide stage of combination 
exhibited by these colourless substances, which are built up on the 
type or model of the Congo-red series of cotton dyes. Now it is 
precisely at the 5-carbamide stage of combination that .trypanocidal 
activity appears, so that there seems to be a parallelism between 
the substantive property of these carbamides to cotton and their 
trypanocidal activity. When the same conditions were applied to 
wool there was no selective substantivity exhibited. 

In further support of this parallelism, it has been shown that 
the most active of all trypanocidal agents, Bayer 205, is also sub¬ 
stantive to cotton. This cannot be demonstrated by development 
on the fibre, since Bayer 205 will not couple with diazotised amines, 
but it can be effected by making use of the observations of Rohl 
that these complex carbamides form precipitates with some of the 
simplest basic proteins at high dilutions. For this purpose, clupeine 
sulphate was chosen, as it is readily obtained from herrings’ roe. The 
sensitiveness of the test for the detection of Bayer 205 by clupeine 
sulphate is not very great, but it may be increased by addition of 
20% sodium chloride solution, as is shown in the following table : 


Dilutions of Bayer 205 .. lin 

5,000 

I O.o. -f 2 drops I % clupeine sulphate Ppt. 
Bayer 205 -f 20% NaCl .. 1 in 

e? A/\/\ 


5,000 

1 C.c. -f .2 drops clupeine sulphate,.. Ppt. 


1 in 
10,000 
Turbid 
1 in 
10,000 
Ppt. 


1 in 1 in 

50,000 100,000 

Clear Clear 
1 in 1 in & 

50,000 100,000, 
Turbid . Faint • 
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Higher concentrations of sodium chloride have a salting-out 
effect on the clupeine sulphate. 

The absorption of Bayer 205 by cotton was investigated by 
means of this reaction in the following way: Skeins of cotton 
(0*1 g.) were extracted in succession with pure ether, absolute 
alcohol, and several changes of boiling water and then dried. They 
were added to a solution of Bayer 205 (1*5 c.c.) containing sodium 
chloride (0-3 g.) and heated at 100° in stoppered tubes for an hour. 
When cool, 1 c.c. was removed and treated with 2 drops of 1% 
clupeine sulphate. The results of a series of experiments with 
controls are in the following table : 

Tube. Contents. 

1) 15 c.c. of 1 in 50,000 Bayer 205 

2/ *f 0*3 g. NaCl -j- 0-1 g. cotton. 

3) 1*5 c.c, of 1 in 50,000 Bayer 205 

4/+ 0*3 g. NaCl. 

5\ 1*5 c.c. of water 4 0-1 g. cotton 

6/4 0*3 g. NaCl. 

It therefore follows that Bayer 205 at a dilution of 1 in 50,000 
is removed by cotton in the presence of sodium chloride, the con¬ 
centration of Bayer 205 falling below 1 in 100,000. It would be of 
great interest to apply this method of detecting the substantive 
property to cotton of these colourless substances to the trypano- 
eidally active series of B-acid described above. Unfortunately, it 
is extremely difficult, especially with limited supplies of material, 
to free them from sodium chloride, the uncontrolled presence of 
which would interfere seriously with the tests. 

It was naturally of interest to determine whether the variation 
of the substantive property with structure was paralleled by the 
the complexes formed between the protamines and 
the sulphonic acids. For this purpose, the m-aminobenzoyl and 
^ ^ derivatives of H-acid and 2R-acid 

and the corresponding 5-carbamides were compared in respect of 
'pi^eipitability at high dilutions by clupeine sulphate. It 
was found that the s-oarbamides did not form complexes of out¬ 
standing insolubility, but rather that they were very slightly more 
soluble than the complexes with the corresponding amines. 

It may therefore be suggested on the basis of the limited number 
of examples examined by us that there appears to be a rough 
parallelism between the substantivity to cotton and trypanocidal 
action in vivo , in that salient peaks of substantivity occur at the 
5-carbamide stage of combination and trypanocidal action is only 
found in the 5-carbamides. The interpretation of this is probably 
that substantivity to cotton is paralleled by the substantivity either 


Reagent 2 drops clupeine sulphate. 
Solution clear. 

Standard turbidity for this dilution. 
Solution clear. 
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to the tissues of the mammalian host or to the trypanosomes or 
to both. 

The Mesomorphic State of Derivatives of Naphthylaminedisulphonic 

Acids. 

The recognition of the mesomorphic or liquid crystalline state of 
matter is largely due to the pioneering labours from 1877 onwards 
of 0. Lehmann. The development of the subject has been mainly 
confined to pure crystalline substances which when melted showed 
anisotropy or which, when converted into the isotropic liquid state 
by heat, developed the anisotropic fluid phase on cooling. This 
field has been especially enriched by Vorlander’s syntheses of 
numerous organic compounds showing this property. Within the 
last few years an extension of the subject has taken place in that 
it has been shown that anisotropic fluids may separate from aqueous 
media and the richest field in this respect is that of the soaps. 

It is historically of interest that the first anisotropic fluid ever 
observed belonged to the latter class. Virchow in 1854 (Arch, 
path. Anat. Physiol ., 6 , 562) showed that the material separating 
from a hot alcoholic extract of brain tissue or spinal cord in contact 
with water swelled up with production of the so-called “ myelin- 
forms ” and in 1858 Mettenheimer made the important observation 
that the “ myelin-forms 55 were anisotropic. There is little doubt 
that it is the combined fatty acids present in the phosphatides 
{leoithin, cephalin, phrenosin, etc.) which are primarily responsible 
for this property. In 1866, Neubauer (ibid., 36, 303) obtained 
“ myelin-forms ” by exposure of oleic acid to ammonia, but Lehmann 
first recognised the crystalline fluid phase of the oleic acid salts 
{Ann. Physic 1895, 56, 771). During subsequent years there are 
occasional references to be found to the anisotropy of soap solutions 
or to the anisotropy of <e myelin-forms ” produced from soaps 
(Krafft, Z. physiol. Ghem. t 1902, 35, 364, 376; Adami and Aschoff, 
Proc , Boy. /She., 1906, 78, B , 30; Eriedel, Ann . Physique , 1922,18, 
273). In 1923, however, Maclennan (J. Soc. Ghem . Ind. 9 42, 393) 
revealed, the rich field of anisotropic fluids from aqueous solutions 
covered by the soaps and following on this McBain and Langdon 
(J., 1925, 127, 852) and McBain and Elford (J., 1926, 421) have 
given a full account of the set of equilibria which govern such 
systems. 

The compounds described in this paper are rich in examples of 
anisotropic fluids from aqueous media and provide a wonderful 
wealth of material for quantitative study. So far they have only 
been examined qualitatively, and incidentally IjO- 'tlw&f;; Bf^aSbo. 
of this communication, but the qualitative observateons lead 
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to believe that the whole group of phenomena are subject to the 
limitations imposed by the phase rule. Structurally the compounds 
exhibiting this property are far removed from the fatty-acid type 
and are more akin to the isolated cases of mesomorphy of 10-bromo-^ 
and 10-chloro-phenanthrene-3(or 6)-sulphonic acid of Sandqvist 
(£er., 1915, 48,2054; KolloidZ., 1916,19,113; Arkiv Kemi, 1916, 
7, No. 2). 

Of the compounds described in this paper, the phenomenon of 
mesomorphy is restricted to those derived from disulphonic acids 
of the naphthylamines and has been observed in derivatives of each 
of the disulphonic acids mentioned on p. 3070, but is particularly 
pronounced in derivatives of C-acid, amino-J-acid, and amino- 
G-acid. Among these derivatives, it may occur as early as the 
first m-nitrobenzoyl derivative and be found in all the subsequent 
derivatives up to the 5-carbamide of the m'-aminobenzoyl-m-amino- 
benzoyl derivative. As a rule it seems to be the least pronounced 
in the 5-carbamides. 

Derivatives of the naphthylaminedisulphonic acids show a general 
resemblance in behaviour. They are soluble in hot water and on 
being allowed to cool usually give, not crystals which are amen¬ 
able to filtration, but, rather, highly hydrated products which vary 
greatly in consistency; they may be waxy solids, limpid fluids 
possessed of a sheen, clear gels or worm-like growths, and are in 
almost all cases strongly birefringent. The high degree of hydration 
seems essential for their production, for, if allowed to form from 
50% or higher strengths of alcohol, they usually separate in the 
solid crystalline state, a totally distinct phase amenable to filtration 
and processes of washing. It is only in this manner in many 
cases that it is possible to obtain the products pure and free from 
inorganic salts. As a rule, the products are readily salted out from 
aqueous solutions by sodium chloride in a caseous form which 
lends itself to filtration. It has not been possible to decide whether 
this caseous phase is a new phase, in the same sense that the curds 
obtained in the soap-boiling process are a new phase giving an 
-S-ray pattern, unobtainable from the anisotropic fluid phase of 
soaps, or is merely a stage in the dehydration of the anisotropic 
fluids. Such qualitative evidence as we possess suggests that 
under the dehydrating action of sodium chloride or alcohol it is 
possible to pass gradually from a limpid anisotropic fluid in equi¬ 
librium with its saturated isotropic solution to the caseous form in 
equilibrium with a concentrated solution of sodium chloride or 
alcohol. The intermediate anisotropic fluid appears to possess a 
certain degree of rigidity, but always flows under pressure of a 
cover-slip. In many cases, the caseous form passes with lapse of 
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time into the crystalline solid phase, probably with some change 
in the degree of hydration. It follows from what has been said 
about the hydration of the anisotropic fluid phase that, if the pure 
solid crystalline form be redissolved in the minimum volume of 
boiling water, then, on cooling, the anisotropic fluid phase may 
separate and, owing to its high degree of hydration, may combine 
with the whole of the water present, giving a single anisotropic 
fluid phase. Such we believe we have observed in the case of the 
monosodium salt of m-anainobenzoyl-2-naphthylamine-5 : 7-disul- 
phonic acid (see Experimental). In other cases, a biphasic fluid 
may result from equilibrium of the anisotropic fluid with its isotropic 
saturated aqueous solution. The stability of such solutions varies. 
The specific instance quoted above lends itself particularly to 
demonstration purposes, as the viscous anisotropic fluid may persist 
at room temperature for months and then pass into a sparingly 
soluble, microscopically fine crystalline solid in equilibrium with a 
limpid saturated solution. To the naked eye both conditions of 
the solution possess a sheen and are indistinguishable. In the case 
of the tetrasodium salt of the 5-carbamide of m'-aminobenzoyl-m- 
aminobenzoyl-2-naphthylamine-6:8-disulphonic acid, it has been 
possible to observe, by means of the polarising microscope, the slow 
crystallisation of the solid phase at the expense of the surrounding 
anisotropic fluid. In other cases, the anisotropic fluid phase appears 
to be permanently stable, as samples have been kept for 2 years. 

The converse phenomenon, formation of the anisotropic fluid 
phase at the expense of the crystalline solid phase, has been observed 
in the case of the disodium salt of m'-mtrobenzoyl-m-aminobenzoyl- 
2 -naphthylamine-6: 8 -disulphonic acid and in the case of the free 
acid, m'-nitrobenzoyl-w-aminobenzoyl-2-naphthylamine-4:8-disul¬ 
phonic acid (see Experimental). 

In appearance the anisotropic fluids, whether in presence of and 
in equilibrium with their saturated isotropic aqueous solutions or 
not, usually possess a sheen, and examined under the highest power 
of the microscope are never particulate. Under the polarising 
microscope they present alternations of dark and light patches and 
under pressure of a cover-slip show streaming of the light patches. 
The densities of the anisotropic fluid phase and the isotropic fluid 
phase in equilibrium are usually very close, as there is no evidence 
of settling, but on prolonged centrifuging a partial separation may 
be effected, the supernatant phase being clear and isotropic and 
the lower portion now exhibiting an orientation of the sheen in 
spiral form. The production of a sheen is by no means invariable, 
and cases are described in the experimental portion of clear anis^gg 
tropic gels and of clear anisotropic viscous solutions, , 
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The mimicry of crystalline form by liquid crystals has often been 
observed (Lehmann, Vorlander) and a good instance of such in 
aqueous media is presented by the sodium hydrogen salt of m'-amino- 
benzoyl-m-aminobenzoyl-2-naphthylamine-4: 8-disulphonic acid. 

The derivatives of l-naphthylamine-4 : 6 : 8-trisulphonic acid, on 
the other hand, show none of these phenomena and as a rule are 
extremely soluble in water and salted out with difficulty. The 
following table shows the incidence of this property: 


Salted out. 


RNHo 

NO a -Bz«NHR 
NO a -Bz-NH*Bz-NHR 
NH 2 Bz*NH*Bz-NHR (diNa salt) 


Not salted out. 


<RNH) a CO 
NH 2 *Bz‘NHR 
(RNH-Bz-NH) 2 CO 
NH 2 -Bz-NH'Bz-NHR (triNa salt) 
(RNH-Bz-NH>Bz-NH) a CO 


It is of interest that the substance Bayer 205 (I), which only 
differs from the last member here tabulated by two methyl groups, 
is extremely soluble in water and is also not salted out. It occurs 
commercially as a white powder devoid of crystalline structure, but 
according to our own observations it may readily be crystallised 
by solution in a fraction of its weight of water, addition of several 
volumes of pure methyl alcohol, followed by gradual addition of 
acetone. It separates after some delay in clusters of needles. 

It is a pleasure to recognise our indebtedness to the following ; 
to Miss Durham and Miss Marchal of this Department for carrying 
out the many biological experiments; to Dr. A. Schedler of the 
Clayton Aniline Co. for gifts of pure wool, silk, and cotton; to 
Dr. J. T. Conroy of the United Alkali Co. for a free and liberal 
supply of carbonyl chloride, and to the Pharmazeutische Abteilung 
of the I.G. Farbenindustrie Aktiengesellschaft for a gift of l-naph- 
thylamine-4 : 6 : 8-trisulphonic acid. 

r.'jy.>, Experimental. . 

^ : 6 -disulphonic Acid .—1-Naph- 

ihSdandne-3:6-disulphonic acid (Freund’s acid, 12*1 g.) was dis- 
solved in 40 c.c. of N-sodium hydroxide (1 mol.) and 20 c.c. of 
water and treated with 14*85 g. (2 mols.) of m-nitrobenzoyl chloride, 
all at once, and the mixture was shaken for \ hour with addition of 
a few drops of ether. Three successive portions (each 40 c.c.) of 
A-sodium hydroxide were then added at half-hourly intervals with 
subsequent shaking. The solution was made distinctly acid to 
Congo-paper, the m-nitrobenzoic acid removed by ether, the aqueous 
liquor neutralised to litmus and concentrated under reduced pressure 
at 50°, and two crops of the disodium salt collected (yield, 75%). 
This salt is readily soluble in water (1 in 26) and is precipitated in 
microscopic, triangular leaflets on addition of sodium chloride. 
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For analysis it was crystallised from 50% alcohol (Found : Loss at 
140°, 16*3. O 17 H 10 O 9 N 2 S 2 Na 2J 5JH 2 O requires H 2 0,16*6%. Found 
in dried salt: Na, 9*1. C 17 H 10 O 9 N 2 S 2 Na 2 requires Na, 9*3%). An 
aqueous solution of the salt is neutral to litmus and gives crystalline 
precipitates on addition of calcium, magnesium, and barium 
chlorides. The salt will also crystallise unchanged from solutions 
which are acid to Congo-paper. 

m-Aminabenzoyl-l-mphthyfamine-3 : Q-disulphonic Acid .—To a 
solution of 25 g. of the crude sodium salt (above described) in 195 c.c. 
of 21V--sodium hydroxide at 0°, ferrous chloride (70 g.; 7 mols.) 
in 100 c.c. of water was added slowly with stirring, followed by 
195 c.c. of 21V-sodium hydroxide to make the solution definitely 
alkaline. After filtration the ferric hydroxide sludge was extracted 
twice with 250 c.c. of 0*21V-sodium hydroxide each time and the 
solution was neutralised and concentrated at 50°; the sparingly 
soluble azoxy-compound (1*7 g.) separated first, followed by the 
disodium salt (13*5 g.) of the required amino-acid. This crystallises 
from water, in which it is very readily soluble, in fine needles 
(Found: Loss at 160°, 16*6. C 17 H 12 0 7 N 2 S 2 Na 2 ,5H 2 0 requires 
H 2 0,16*2%. Found in anhydrous salt: Na, 9*5. C 17 H 12 0 7 N 2 S 2 Na 2 
requires Na, 9*9%). It gives a moderately easily soluble diazo¬ 
compound free from chloride but containing sodium, as a primrose- 
yellow precipitate of needles. This couples with glyoxaline deriv¬ 
atives in aqueous sodium carbonate, the solutions having a cherry- 
red colour. The disodium salt in concentrated solution gives a 
calcium salt, microscopic prisms, and a barium salt, sheaves of flat 
prisms, on addition of saturated calcium or barium chloride. The 
silver salt separates similarly as a microcrystalline powder. 

The sodium hydrogen salt is much less soluble than the disodium 
salt and rapidly separated in flattened prisms when the latter 
(2*9 g.) in 5 c.c. of water was treated with 1 c.c. of concentrated 
hydrochloric acid (yield, 2*6 g.) (Found: Loss at 160°, 15*6. 
0 17 H 13 0 7 N 2 S 2 Na,4|H 2 0 requires H 2 0,15*4%. Found in anhydrous 
salt: Na, 5*1. 0 17 H 13 0 7 N 2 S 2 Na requires Na, 5*2%). 

The azoxy-compound is readily soluble in 8 parts of hot water 
and crystallises in yellow, silky, hair-like needles (Found : Loss at 
95?, 18*5. O 34 H 20 O 15 N 4 S 4 Na 4 ,12H 2 Q requires H 2 0,18*6%. Found 
in anhydrous salt: Na, 9*2. O^HgoO^N^Na* requires Na, 
9*7%). 

m f -Nitrobenzoyl-m-aminobenzoyl -1 -naphthylamine -3 : 0-disulphonic 
Acid.—The disodium salt of the preceding acid (10*7 
anhydrous salt) dissolved in 50 c.c. of water was mtrobenzoylait^;a 
with two equivalents of acid chloride as described in thefirst 
of the synthesis. .The''final solution,was made distinctly a^^S 
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Congo-paper and the gelatinous precipitate was collected and dis¬ 
solved in water. The two solutions were then thoroughly extracted 
with ether, combined, neutralised, and concentrated at 50°, and the 
successive crops of gelatinous nitro-acid collected. These were 
dissolved in boiling water and treated with 10 volumes of alcohol 
and the solution was kept until the gelatinous nitro-compound 
which first separated had changed into a crystalline mass of soft, 
white needles (yield, 11 g.) (Found in product from 90% alcohol: 
Loss at 160°, 11*0. requires H 2 0, 10-5%. 

Found in anhydrous salt: Na, 7*6. C 24 H 15 O 10 N 3 S 2 Na 2 requires 
3STa, 7*5%). This nitro-amide is readily soluble in water with a 
neutral reaction and couples only faintly with Pauly’s reagent in 
sodium carbonate solution. It is fairly readily soluble in boiling 
methyl alcohol, but does not crystallise well from it. 

m' - Aminobenzoyl - m - aminobenzoyl -1 - naphthylamine -3:6- disul - 
phonic Acid .—The preceding nitro-acid (10*2 g.) was reduced with 
ferrous chloride exactly as described at a previous stage. The 
alkaline filtrates and extracts of the ferric hydroxide were made 
neutral to Congo-paper; the thick, gelatinous precipitate which 
first separated soon became wholly crystalline (yield, 10*1 g.). The 
mother-liquors on concentration only deposited a further 0*25 g. 
This amino-acid is a monosodium salt and is soluble in 3 volumes of 
boiling water, separating as a thick felt of small, silky needles on 
cooling (Found: Loss at 160°, 24*0. C 24 H 18 0 8 N 3 S 2 Na,10H 2 O 
requires H 2 0, 24*2%. Found in anhydrous salt: Na, 3*9. 
C^HjgOgNgSgNa requires Na, 4*1%). An aqueous solution of the 
salt colours Congo-paper faintly blue. The salt forms a sparingly 
soluble diazo- compound, crystallising in microscopic needles, which 
couples with alkaline (3-naphthol with the usual red colour. The 
diazo-compound is free from chloridion but contains sodium. 

^Carbamide of l-Naphthylamine-Z : Q-disulphonic Acid. —Freund’s 
acid (5 g.) in 250 o.c. of water containing 35 g. (20 mols.) of anhydrous 
sodium carbonate was submitted to a slow stream of carbonyl 
chloride until the reaction was acid to Congo-paper. The main 
bulk of the carbamide had separated (5*1 g.). When dissolved in 
33 c.g. of boiling water and neutralised to litmus paper, it separated 
on cooling in long, silky needles with a faint pink colour. It gave 
no reaction for amino-groups and was free from chloride (Found : 
Loss at 160°, 25*6. 0 21 H 12 0 13 N 2 S 4 Na 4 ,14H 2 0 requires H 2 0, 25*9%. 
Found in anhydrous salt: Na, 12*6. 0 21 H 12 0 13 N 2 S 4 Na 4 requires 
Na, 12*8%). This carbamide is soluble in cold water to the extent 
of 8%, but is very readily salted out by sodium chloride. 

s -Carbamide of m-AmimbenzoylA-naphthylamine-Z : 6-disulphonic 
Acid. —Five g. of the ra-aminobenzoyl amide were phosgenated as 
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described in the foregoing section. The solid which had separated 
was collected, dissolved in 50 c.c. of hot water, and inoculated 
with the needle form of the carbamide. The required carbamide 
then separated in balls of long, silky needles (yield, 3-75 g.). This 
carbamide separates from concentrated aqueous solutions in gelatin¬ 
ous, rounded masses which are optically anisotropic, showing black 
crosses under the polarising microscope. On keeping in more dilute 
solution, they become transformed into the needle form. It is also 
readily salted out in gelatinous, anisotropic masses (Found: Na, 
7*2; loss at 160°, 21*7. C 35 H 22 0 15 N 4 S 4 Na 45 14|H 2 0 requires Na, 
7*5; H 2 0, 21*4%), 

s -Carbamide of m' -Amimbenzoijl-m-aminobenzoyl -1 -naphthylamine- 
3 : 6-disuljphonic Acid. —The phosgenation was carried out in the 
same way as the preceding. Complete separation of the partly 
precipitated carbamide was effected by addition of sodium chloride. 
The gelatinous solid from 6 g. of amino-compound was dissolved in 
30 c.c. of hot water, neutralised, and treated with 7 volumes of 
alcohol. On keeping, the carbamide separated in finely divided and 
partly anisotropic particles free from chloride. The product was 
again crystallised and gave 3*6 g. of carbamide (Found: Loss at 
160°, 17*0; Na, 6*2. C 49 H 32 0 17 N 6 S 4 Na 4 ,14H 2 0 requires H^O, 17*4; 
Na, 6*3%). This carbamide , so prepared, is very soluble in water 
and separates from concentrated solutions in voluminous, aniso¬ 
tropic, waxy masses. It is precipitated by strong mineral acid as a 
fine, amorphous precipitate, but is only salted out with difficulty 
and yields a sparingly soluble, amorphous barium salt. 

m-Nitrobenzoyl-2-naphthylamine-5 ; 7 -disulphonic Acid. —Amino- 
J-acid (10*2 g. = 9*7 g. of anhydrous salt) in 100 c.c. of water was 
nitrobenzoylated as described above. After acidification, extraction 
with ether, and neutralisation the solution was concentrated at 50° 
and the successive crops were collected without washing, until 
sodium chloride began to separate. The crude solid was dissolved 
in 50 c.c. of hot water and treated with 50 c.c. of alcohol; it then 
gradually separated in clusters of small needles (yield, 15*2 g.) 
(Found; Loss at 160°, 16*9; Na, 7*4. C 17 H 10 O 9 N 2 S 2 Na2,5JH 2 O 
requires H 2 0, 16*6; Na, 7*7%). This nitro-amide is extremely 
readily soluble in water, and very concentrated aqueous syrupy 
solutions deposit fibre- or worm-like anisotropic growths,at first, 
but on keeping, fine needles. 

m-Aminobenzoyl~%-najfhthylamirie-$ : 7 -disulphonic Acid. —The 
nitro-amide was reduced at room temperature with ferrous chloride 
and alkali as described above. The combined alkaline filtrates and 
extracts of the ferric hydroxide on neutralisation to Congo-paper 
gave a copious, white, microcrystalline precipitate of the, amines 
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compound. The yield was practically quantitative. The solid was 
dissolved in the minimum volume of boiling water (about 30 
volumes). When cold, the product consisted of an opaque, viscous, 
anisotropic fluid with elastic properties and possessed of a crystalline 
sheen. There was no separation into two phases on prolonged 
centrifuging. The liquid crystalline condition was unaltered by 
addition of dilute acids, but either alcohol or sodium chloride 
precipitated anisotropic gelatinous masses. On keeping for various 
periods, 5 days to 3 months, the viscous fluid passed spontaneously 
into a more stable condition with separation of microscopic needles 
in almost quantitative amount (Found: Loss at 160°, 14*4; Na, 
4-6. C 17 H 13 0 7 N 2 S 2 Na,4H 2 0 requires H 2 0, 14-0; Na, 4-4%). 
When diazotised in dilute acid solution, it yields a gelatinous diazo¬ 
compound. The disodium salt is extremely soluble in water, the 
solution soon becoming brown. 

m'-Nitrobenzoyl-m-aminobenzoyl-2-napMhylamine-5 : 7 -disulpkonic 
Acid. —The foregoing amino-compound (10*3 g.) in 170 c.c. of water 
was nitrobenzoylated as described for previous members. The final 
solution was neutral and contained the required nitro-amide in 
suspension as a finely-divided, crystalline solid. This was collected 
and the mother-liquors after removal of nitrobenzoic acid and 
concentration gave only a small quantity of nitro-amide. The 
combined solids crystallised from 150 c.c. of boiling water, with 
final addition of 150 c.c. of alcohol, in small, silky needles (yield, 
14*0 g.) (Found: Loss at 160°, 21*1; Na, 5*6. G^HxgO^NgS^Naa^HgO 
requires H 2 0, 20*9; Na, 5*9%). This amide is readily soluble in 
warm water and separates from the solution, on cooling, as a white, 
anisotropic, gelatinous mass. From very dilute solutions it separates 
in microscopic needles. Its aqueous solution is neutral to litmus, 
and sodium chloride produces an anisotropic, gelatinous precipitate. 

m f -Amiiiobenzoyl-m-aminobenzoyl-2-naphthylamine-B;7-disuiphonic 
Acid ^The foregoing nitro-compound (7*7 g.) in 250 c.c. of water 
was reduced at 30—35° with ferrous chloride and alkali. The 
faintly alkaline mixture was stirred for 2 hours; all traces of the 
White, gelatinous ferrous salt had then disappeared. The filtrate 
and alkaline extracts of the ferric hydroxide on neutralisation to 
Congo-paper gave a gelatinous, anisotropic precipitate of the amino- 
compound. The mother-liquors gave a further small crop of 0*65 g. 
The product was crystallised from 125 c.c. of boiling water with 
addition of 125 c.c. of alcohol and gave 5*35 g. of soft balls of 
microscopic, silky needles of the sodium hydrogen salt (Found: 
Loss at 160°, 15*3; Na, 3*8. Cg 4 H 18 0 8 N 3 S 2 Na,5%H 2 0 requires H ? 0, 
15*0; Na, 3*5%). This sodium salt is readily soluble in boiling 
water, and on cooling, the solution yields a white, turbid, anisotropic 
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fluid with a crystalline sheen. Clear aqueous solutions give gelatin¬ 
ous precipitates at high dilutions with 3iV-hydrochloric acid. It 
diazotises and then couples in the usual way with (3-naphthol. 
The disodium salt is readily soluble in cold water and crystallises 
in soft, woolly needles (Pound : Loss at 160°, 17*1; ISTa, 6*3. 
C24H X7 0 8 N 3 S 2 Na 2 ,6|H 2 0 requires H 2 0, 16*7; Na, 6*5%), 

s -Carbamide of 2-Ndphthylamine -5 : l-disulphonic Acid. —When 
this naphthylamine was phosgenated in 50 volumes of water with 
sodium carbonate (20 mols.), there was no separation of solid, but 
on saturation with sodium chloride the carbamide was precipitated 
in short needles. It was collected and re-phosgenated under the 
same conditions and again precipitated. It was dissolved in hot 
water, neutralised, and crystallised by addition of 3 volumes of 
alcohol. It was recrystallised and gave 5-0 g, from 10*0 g. of the 
naphthylamine (Pound: Loss at 160°, 14*4; Na, 11*0. 

C2iH 12 0 13 N a S 4 Na 4 ,7H 2 0 requires H 2 0, 14-9; Na, 10*9%). This 
carbamide retains chloride with persistency, It crystallises well in 
clusters of long needles and is very soluble in water. 

s- Carbamide of m-Aminobenzoyl~2~nap!ithylamine-5 :7-disulphonic 
Acid ,—The amino-compound (10 g.) was phosgenated twice as 
described in the preceding paragraph. The partial separation of 
leaflets was completed by saturation with sodium chloride. The 
product after neutralisation was twice crystallised from hot water 
by addition of 3 volumes of alcohol (yield, 9*9 g.) (Pound : Loss at 
160°, 22*1; Na, 7*3. C 35 H 22 0 15 N 4 S 4 Na 4 ,15H 2 0 requires H 2 0, 22*0; 
Na, 7*5%). This carbamide is very soluble in water, crystallising 
therefrom in pointed leaflets, and is precipitated by sodium chloride 
in microscopic rods or narrow leaflets. Addition of concentrated 
hydrochloric acid to a warm solution precipitates leaflets, possibly 
of a free sulphonic acid. The barium salt is sparingly soluble and 
crystallises in leaflets. 

s- Carbamide of m'-Aminobenzoyl-m-aminobenzoyl^-naphthylamine* 
5 : 7-disulphomcAcid.— Five g, of the amino-compound in 500 c.c. 
of water were phosgenated in the usual way. The resultant acid 
product consisted of an .opalescent jelly similar to raw white of 
egg. It was optically anisotropic and devoid of visible particles. 
When neutralised, it became definitely biphasic to the eye with 
separation of the sodium salt. Separation was completed by 
addition of sodium chloride, The product was collected, dissolved 
in 120 c.c, of boiling water, and treated with 120 c.c, of alcohol. 
If the alcohol be omitted, the solution sets to a clear anisotropic 
gel. The product from 50% alcohol was amorphous (yield 3*6 
(Pound : Loss at 160°, 10*3; Na, 6*5. 
requires H a Q, 10*7 ; Na, 6*9%). This carbamide is 
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ated, possibly as the free sulphonic acid, by concentrated hydro¬ 
chloric acid as a crystalline liquid, but from more dilute solutions, at 
first as a clear anisotropic gel but later in discrete crystalline growths. 
If the solution be heated and allowed to cool, it deposits circular tufts 
of leaflets. The calcium and barium salts are both sparingly soluble. 

m-Nitrobenzoyl-2-naphthylamineA : 8-disulphonic Acid ,—C-Acid 
(12*0 g = 9*7 g. of anhydrous monosodium salt) in 210 c.c. of water 
was nitrobenzoylated in the usual way. The solid which had 
separated was collected, dissolved in the minimum volume of water 
(900 c.c.), acidified, and extracted with ether. On neutralisation 
to litmus, the nitro-amide (12-8 g.) separated in a crystalline con¬ 
dition. The mother-liquors and the original mother-liquors of the 
benzoylation gave a further 2*5 g. on concentration. The solid 
crystallised from 9 volumes of boiling water in clusters of soft, 
pale yellow needles (Found: Loss at 160°, 15*2; Na, 7*6. 
Ci 7 H 10 O 9 N a S 2 Na 2 ,5H 2 O requires H 2 0, 15*4; Na, 7*8%). The 
most striking property of the salt is the ease with which it is salted 
out from aqueous solutions. Such solutions are neutral to litmus 
and give no precipitate with hydrochloric acid. 

m-Amimbenzoyl-i-naphthylamineA : 8-disulphonic Acid. —The pre¬ 
ceding nitro-amide (equivalent to 9*9 g, of anhydrous salt) was 
dissolved in 275 c.c. of water and reduced with ferrous chloride 
and alkali at room temperature. The alkaline extracts of the ferric 
hydroxide on neutralisation to Congo-paper deposited the main 
bulk of the required amino-acid, and the mother-liquors on con¬ 
centration gave a further small quantity (yield, practically quantit¬ 
ative). It crystallised from the minimum volume of boiling water 
as a voluminous mass of soft, silky needles (Found; Loss at 160°, 
18*6 j, Na, 4*3. C n H X3 0 7 N 2 S 2 Na,54H 2 0 requires H 2 0, 18*2; Na, 
4*2%). This sodium hydrogen salt is sparingly soluble in cold 
water, yielding a solution neutral to litmus. In dilute hydro¬ 
chloric acid, it gives a sparingly soluble diazo&ulphomte, which 
separates in anisotropic, filamentous growths. The disodium salt 
was obtained by dissolving the hydrogen salt in a little water with 
the aid of sufficient sodium hydrogen carbonate to make the reaction 
faintly alkaline to litmus. It crystallised in fine needles, hut it 
also occurs in plates. It is soluble in 10 volumes of water at room 
temperature (Found : Loss at 160°, 22*8. C 17 H 12 0 7 N 2 S 2 Na 2 ,7JH a 0 
requires H a O, 22*5%. Found in anhydrous salt; Na, 9*7. 
C 17 H 12 0 7 N 2 S 2 Na 2 requires Na, 9*9%). 

m’-NitrobenzoyLm~amiwbenzoyl-2-naphthybmineA : 8-disulphonic 
Acid, —The foregoing acid (10*2 g.) in 320 c.c. of water was nitro- 
benzoylated in the usual way. The final solution was clear, very 
viscous, and anisotropic, It was diluted with 400 c.o. of water, 



AND CHEMICAL CONSTITUTION; TABT VII. 3085 

acidified to Congo-paper, and extracted with ether. It was then 
neutralised to litmus, which restored the anisotropic gel condition. 
If the solution was more dilute, a gel was not formed, but anisotropic 
worm- or thread-like growths separated in quantity. These showed 
the phenomenon of black crosses under the polarising microscope, 
especially at the ends of growth. In either case, the solution was 
heated in the boiling water-bath and saturated with sodium chloride 
with stirring. When cold, the precipitated gelatinous solid was 
collected in quantitative yield, without washing. 5 G. of the air- 
dried material were dissolved in 75 c.c. of hot water and treated 
with 20 c.c. of concentrated hydrochloric acid. The solution rapidly 
deposited a thick felt of needles. These were filtered off, dissolved 
in 25 c.c. of hot water, and heated with 10 c.c. of concentrated 
hydrochloric acid. Fine, long needles rapidly separated, which 
were filtered off as dry as possible, rubbed on porous plate, and 
dried in a vacuum over sulphuric acid and sodium hydroxide. In 
this way, 2-35 g. of almost pure, anhydrous disulphonic acid were 
obtained free from chloride (Found: Na, 0*4%. 0*249 G. was 
equivalent to 8*2 c.c. of 2V710-sodium hydroxide, agreeing with the 
value required for a mixture of 95% of disulphonic acid and 5% of 
disodium salt). A repetition of the procedure would probably 
remove the last traces of sodium. The disulphonic acid, treated 
with a little water, swells up, forming a clear, viscous, anisotropic 
fluid in equilibrium with the surrounding aqueous solution. More 
dilute solutions are clear and set to an anisotropic gel on addition 
of silver nitrate. If the crude crystalline disulphonic acid obtained 
after one treatment of the crude disodium salt with hydrochloric 
acid be dissolved in a small volume of hot water and treated with 
an equal volume of alcohol, the neutral disodium salt separates in 
soft balls of extremely minute needles (Found : Loss at 160°, 12*7. 
C 24 H x 5 O 10 N 3 S 2 N-a 2 ,5H 2 0 requires H 2 0,12*8 %. Found in anhydrous 
salt: Na, 7*4, C 24 H 15 O 10 N 3 S 2 Na 2 requires Na, 7*5%). The 
mother-liquors, however, are strongly acid to Congo-paper. This 
salt may be obtained directly from the original crude disodium salt 
by dissolving it in hot water and adding alcohol, but the process 
through the disulphonic acid is preferable. The disodium salt is 
moderately easily soluble in cold water and on addition of a little 
sodium chloride the solution sets to a clear anisotropic gel, a state 
also obtained by dissolving the disodium salt in warm water and 
allowing the solution to cool. This gel remains unchanged in a 
sealed vessel for many months. The barium and calcium salts are 
very sparingly soluble, the former crystallising in hairs. The 
magnesium salt crystallises in clusters of needles moderately easily 
soluble in water. 
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m r -Aminobenzoyl-m-aminobenzoyl-2-na]pht}iylamineA:%‘disulphonic 
Acid .—The foregoing disodium salt (7*6 g.) in 250 c.o. of water was 
reduced with ferrous chloride and alkali at 25°. The filtrate and 
alkaline extracts of the ferric hydroxide were made faintly acid to 
Congo-paper; the amino-compound then separated as a voluminous, 
anisotropic, gelatinous product which, on filtration, was left as a 
white, soapy solid. It was dissolved in 350 c.c. of boiling water 
and treated with an equal volume of alcohol; it then separated slowly 
in gelatinous, oat-shaped, anisotropic crystals (yield, 6*15 g.) 
(Found: Loss at 160°, 171; Na, 3*3. C^H^OgN^Na^IHgO 
requires H 2 0, 17*2; Na, 3*4%). This sodium hydrogen salt is 
sparingly soluble in hot water, and a boiling saturated aqueous 
solution when allowed to cool gives two phases, a clear supernatant 
liquor and anisotropic aggregates simulating ill-formed, crystalline 
growths. On filtration on hardened paper under pressure, both 
phases passed through, yielding a macroscopieally homogeneous 
filtrate with a crystalline sheen. Examined microscopically, it 
showed complete absence of particles, the whole fluid being aniso¬ 
tropic under polarised light. On prolonged centrifuging there is a 
separation of a clear aqueous upper layer and a more uniform 
orientation of the sheen in spiral form in the lower layer. 

B-Carbamide of 2-NaphthylamineA ; 8 -disulphonic Acid .—This 
carbamide was prepared by a double phosgenation of the parent 
amine (5*0 g,), separation being completed by addition of sodium 
chloride. After neutralisation it was twice crystallised from water 
and separated in clusters of microscopic needles (yield, 3*5 g.) 
(Found: Loss at 160°, 11-3; Na, 11*1. C 21 H 12 0 13 N 2 S 4 Na 4) 5H 2 0 
requires H 2 0, 11*1; Na, 11-3%). This carbamide is soluble in 
water at room temperature to the extent of 5%. It is not very 
readily salted out and is not precipitated by concentrated hydro*- 
chloric acid. 

B-Carbamide of m-Amimbenzoyl-2-mphthylamimA : 8-disulphonic 
Add ,—For the preparation of this carbamide, 80 volumes of water 
were required and a double phosgenation was necessary. At the 
end of the phosgenation the crude carbamide separated in the liquid 
crystalline state, in the form of stringy, anisotropic masses. After 
saturation with sodium chloride, the product could be filtered off 
on hardened paper and after neutralisation with alkali it was dis¬ 
solved in 9 volumes of hot water and treated with an equal volume 
of alcohol. The carbamide separated on keeping in clusters of small 
needles. The yield was 10*5 g. from 10*0 g. of initial material 
(Found : Loss at 160°, 18-4; Na, 7-5. C 35 H 22 0i 6 N 4 S 4 Na 4 ,12H 2 0 
requires H 2 0, 18-4; Na, 7-8%), This carbamide is readily soluble 
in water, is fairly readily salted out, and is precipitated by excess 
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of concentrated hydrochloric acid in the liquid crystalline state; 
if, however, the solution be warmed and allowed to cool slowly, the 
carbamide separates in discrete crystalline growths. The calcium 
and barium salts are sparingly soluble, the latter notably so. 

s -Carbamide of m'-Aminobenzoyl-m~aminobenz6yl-2-naphthylamine- 
4; S-disulphonic Acid .—The parent amine (5 g.) was phosgenated 
in the usual way, and precipitation of the crude product completed 
by addition of sodium chloride. It was dissolved in 30 c.c. of 
boiling water, neutralised, and treated with 70 c.c. of alcohol. 
On keeping, the carbamide separated without definite recognisable 
structure, but the product was anisotropic (yield, 4*7 g.) (Found: 
Loss at 160°, 18*2; Na, 5*7, 6*1. 0 49 H 32 0 17 N* 6 S 4 Na 45 14JH 2 0 
requires H 2 0, 17*9; Na, 6*3%). This carbamide is soluble in water 
and crystallises from concentrated solutions in microscopic, circular, 
crystalline aggregates. It is readily precipitated, possibly as the 
free tetrasulphonic acid, by addition of concentrated hydrochloric 
acid in a similar crystalline form. The magnesium , barium , and 
calcium salts are sparingly soluble. 

m-Nitrobenzoyl~2-naphthylamine-6 : S-disulphonic Acid .—G-Acid 
(9*8 g. of anhydrous sodium hydrogen salt) in 120 c.c. of water was 
nitrobenzoylated in the usual way. The solution was diluted with 
425 c.c. of water to dissolve the solid which had separated; it was 
then acidified and extracted with ether. After neutralisation the 
solution was concentrated at 50° and the successive crops of gelatin¬ 
ous solid were collected without washing. The combined crops 
were made up to 150 c.c. with boiling water, and 150 c.c. of alcohol 
added. On keeping, the mtro-amide separated in soft, woolly 
needles (yield, 14*55 g.) (Found; Loss at 160°, 19*9; Na, 7*7. 
C 17 H 10 O 9 N2S2Na 2 ,7H 2 O requires H 2 0, 20*3; Na, 7*4%). This 
amide is readily soluble in hot water and separates on cooling as 
an anisotropic, gelatinous phase, possibly a semi-rigid liquid crystal¬ 
line phase, as it flowed when submitted to pressure under a cover- 
slip. Addition of concentrated hydrochloric acid gave an aniso¬ 
tropic gelatinous precipitate, as also did the addition of sodium 
chloride, which even in small quantities has a salting-out effect. 

m-Aminobenzoyl-2-naphlhylamine-6 : S-disulphonic Acid .—The 
foregoing nitro-oompound (12*4 g.) in 250 c.c. of water was reduced 
with ferrous chloride and alkali at 25°. On acidification, the filtrate 
and alkaline extracts of the ferric hydroxide gave a crystalline 
precipitate, and the mother-liquors on concentration a further small 
crop. These were dissolved in 50 c.c. of boiling water and treated 
with 20 c.c. of alcohol. The amide separated on cooling as a 

compact mass of needles (yield, 8*8 g.) (Found : Loss at. 

OAO^SssNa^PgO requires H 2 0,18*2%. Found in 
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solid : Na, 5*1. C 17 H 13 0 7 N 2 S 2 Na requires Na, 5*2%). This amide 
is readily soluble in hot water. A hot concentrated solution, when 
cold, becomes transformed into a viscous liquid crystalline mass 
with a sheen. This remains unchanged when kept in a stoppered 
tube for months. The amide forms a sparingly soluble diazo¬ 
compound , crystallising in needles with a primrose-yellow colour. 

m'-Nitrobenzoyl-m-aminobenzoyl-2-naphthylami?ie-6 : S-disulphonic 
Acid. —The preceding amino-compound (16*3 g.) in 370 c.c. of water 
was nitrobenzoylated in the usual way. The very viscous solution 
which resulted was acidified and mixed with an equal volume of 
alcohol. On keeping at 0°, the precipitate crystallised (yield, 19*5 g.). 
It separated from hot 65% alcohol in minute, soft needles (Found : 
Loss at 160°, 14*7. O 24 H 15 O 10 N 3 S 2 Na 2 ,6H 2 O requires H 2 0, 14*9%. 
Found in anhydrous solid : Na, 7*2. O 24 H 15 O 10 N 3 S 2 Na 2 requires 
Na, 7*5%). This amide is soluble in 14 parts of boiling water and 
separates in anisotropic gelatinous globules. If the amide be left 
in contact with 18 volumes of water, the original white powder 
disappears and the whole of the fluid becomes a white elastic mass 
with a sheen. Under the polarising microscope it retained the 
anisotropic sheen and flowed under uneven pressure of the cover- 
slip. A hot solution treated with concentrated hydrochloric acid 
deposits a microcrystalline precipitate, possibly of the free di- 
sulphonic acid. The amide is very readily salted out and gives 
sparingly soluble precipitates with calcium, magnesium, and barium 
chlorides. 

m , ~Aminobenzoyl-m~aminobe%zoyl-2-napMhylamim-(>:&-di$ulphonic 
Acid— The preceding nitro-amide (17*4 g.) was dissolved in 600 c.c. 
of water at 30° and treated with 84 c.c. of 22V r -sodium hydroxide. 
The solution set to a clear anisotropic gel, which gradually dis¬ 
integrated on addition of 33*6 g. of ferrous chloride in 50 c.c. of 
water. Finally, a further 84 c.c. of 2N-sodium hydroxide were 
added, the final reaction being made faintly alkaline to litmus. 
After being stirred for 1 hour, the solution was warmed to 50° to 
ensure complete solution and reduction of the nitro-compound. The 
filtrate and alkaline extracts of the ferric hydroxide on acidification 
deposited the amino-compound in soft, matted, microscopic needles. 
Precipitation was completed by addition of sodium chloride. The 
collected solid was dissolved in the minimum volume (700 c.c.) of 
boiling water and treated with 350 c.c. of alcohol; on cooling, the 
amino-amide crystallised in clusters of soft, white needles (yield, 
14*7 g.) (Found; Loss at 160°, 14*5 ; Na, 3*5, Ox^^OgNaS^a^IHgO 
requires H 2 0,15*0; Na, 3*5%), This awmo-compound is soluble in 
boiling water; the solution, on cooling, develops a white sheen, due 
to separation of the liquid crystalline phase* If a small amount of 
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sodium chloride be added to a clear dilute solution, this develops 
the liquid crystalline sheen, but only temporarily, the amide separ¬ 
ating eventually in the solid crystalline condition. Hydrochloric 
acid also precipitates a liquid crystalline phase, and in very dilute 
hydrochloric acid a clear solution gives a liquid crystalline diazo- 
sulphomte on addition of sodium nitrite. The disodium salt is 
readily obtained as well-formed needles by dissolving the sodium 
hydrogen salt in warm sodium hydrogen carbonate solution and 
allowing it to cool. The magnesium , calcium , and barium salts 
are sparingly soluble in water. 

s -Carbamide of 2-Naphthylamine-6 : 8 -disulphonic Acid. —G-Acid 
(5 g.) was submitted to a thrice-repeated phosgenation under the 
usual conditions* sodium carbonate (20 mols.) being used each time. 
Separation of the solid was completed by addition of sodium 
chloride. After neutralisation it crystallised from boiling water, in 
which it was very soluble, in fine, colourless needles (Found : Loss 
at 160°, 19*9. C 21 H 12 O 13 lSr 2 S 4 Na 4 ,10H 2 O requires H 2 0, 20*0%. 
Found in the dried salt: Na, 12-6. 0 21 H 12 0 13 N 2 S 4 Na 4 requires 
Na, 12*8%). This carbamide has a sweet taste. It is readily soluble 
in water and is very readily salted out, in needles. It gives a 
sparingly soluble barium salt and with concentrated hydrochloric 
acid a precipitate of fine needles, probably the free tetrasulphonic 
acid. 

s -Carbamide of m-Aminobenzoyl-2-naphtbylamineS : 8-disulpho?iic 
Acid.— The parent amino-compound (5 g.) was submitted to a 
treble phosgenation. Separation of the solid, which consisted of 
very fine, small needles, was completed by saturation with sodium 
chloride. The product was dissolved in 50 c.c. of hot water and 
neutralised. It separated in round, weakly anisotropic nodules, 
which coalesced on attempted washing. It was redissolved in 
25 c.c. of water, and 25 c.c. of alcohol added; it then slowly separated 
in clusters of needles (yield 3*5 g.) (Found in substance crystallised 
from water : Loss at 160°, 19*8. C 35 H 22 0 15 N 4 S 4 Na 4 ,13H 2 0 requires 
H a O, 19*6%, Found in anhydrous salt: Na, 10*0. C 3B H 23 0 15 N 4 S 4 Na 4 
requires Na, 9*6%). This carbamide is very readily salted out. It 
gives sparingly soluble salts with magnesium, calcium, and barium 
chlorides. With concentrated hydrochloric acid it gives a pre¬ 
cipitate of needles, probably the free tetrasulphonic acid. 

s -Carbamide of m'-Aminobenzoyl-m-aminobenzoyl^-naphthylamine- 
6: 8-dimlphonic Acid .—The parent amino-compound (5 g.) was 
submitted to a double phosgenation. Separation of the carbamide 
was completed by addition of sodium chloride. It was then dis¬ 
solved in 150 cx. of boiling water with the aid of sufficient alkali , 
to adjust the reaction to neutrality. To the hot solution 1^ 
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of alcohol were added and ok keeping the carbamide separated. It 
was again crystallised from 100 c.c. of water and 325 c.c. of alcohol 
(yield, 3*8 g.) (Found: Loss at 160°, 19*9. C 49 H 32 0 17 N 6 S 4 ]Sra 4 ,16 JH 2 0 
requires H 2 0, 19*9%. Found in anhydrous salt: Na, 7*6. 
C 49 H 32 0 17 N 6 S 4 Na 4 requires Na, 7*7%). This carbamide separates 
from water-alcohol mixtures in weakly anisotropic, gelatinous 
particles. It is soluble in water; a hot concentrated solution on 
cooling deposits circular anisotropic clusters, but the surrounding 
aqueous medium also is anisotropic and flows under pressure of a 
cover-slip. Crystallisation of the solid phase proceeds at the 
expense of the liquid crystalline phase. Addition of dilute hydro¬ 
chloric acid to a solution of the carbamide gives a clear anisotropic 
gel. The magnesium , calcium , and barium salts are sparingly 
soluble. 

l-m-Nitrobenzoylamino-8-naphihol-3 : 6 -disulphonic Acid .—H-Acid 
(14*7 g.) was suspended in 70 c.c. of water with addition of 5*5 g. 
of hydrated sodium acetate (1 mol.) and nitrobenzoylated as 
described for earlier members. After acidification to Congo-paper, 
the heavy crop of crystals was collected, dried, and extracted with 
ether, leaving 18*2 g. of crude amide. The mother-liquors gave a 
further 2*6 g. on concentration. These combined crops were dis¬ 
solved in boiling water and treated with a quarter of its volume of 
alcohol. On keeping, the pure amide separated in compact clusters 
of needles (Found: Loss at 120°, 19*3. O 17 H 10 O 10 N 2 S 2 Na 2 ,7H 2 O 
requires H 2 0, 19*7%. Found in anhydrous salt: Na, 8*9. 
O 17 H 10 O 10 N 2 S 2 Na 2 requires Na, 9*0%). This amide is readily 
soluble in warm water and is not precipitated by concentrated 
hydrochloric acid. It is only salted out with difficulty and separates 
in a crystalline state. The barium salt, tufts of needles, is readily 
soluble in warm water but much less soluble in cold. 

l-m-Ami7wbenzoybmino*8-na$hthol-S ; 6-disulphonic Acid.—The 
foregoing nitro-amide (12*8 g.) was reduced with ferrous chloride 
and alkali at 0° in the usual way. The filtrate and alkaline extracts 
of the ferric hydroxide on neutralisation gave a copious crystalline 
precipitate, which was collected, dissolved in 200 c.c. of boiling 
water, and treated with 100 c.c. of alcohol. After an interval, the 
pure amino-compound separated in delicate needles (yield, 9*3 g.) 
(Found: Loss at 160°, 17*4. O^H^OgNgS^a^HaO requires 
H 2 0, 16*4%. Found in dried salt: Na, 4*7. 0 17 H 13 0 8 N 2 S 2 Na 
requires Na, 5*0%). This sodium hydrogen salt is not very soluble 
in warm water and it separates in anisotropic gelatinous particles. 
A dilute aqueous solution gives an immediate anisotropic precipitate 
cm addition of dilute hydrochloric acid, probably of the disulphonic 
acid, which separates in microscopic leaflets if the solution be warmed 
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and allowed to cool. The calcium , magnesium, and barium salts are 
sparingly soluble, gelatinous precipitates. The disodium salt is very 
soluble in water and crystallises in needles. 

1 -m'- Nitrobenzoyl - m - aminobenzoylamino - 8 -naphthol - 3 : 6 -disul- 
phonic Acid .—The foregoing amino-compound (10*7 g.) was nitro- 
benzoylated as described at the previous stage. The resulting 
solution consisted of a viscous syrup containing anisotropic stringy 
or worm-like masses in suspension. It was diluted with 2000 c.c. 
of water, acidified, and extracted with ether. The solution was 
neutralised and then set to a clear anisotropic gel. It liquefied on 
rise of temperature and was concentrated at 50° to one-half its bulk 
and acidified with 200 c.c. of concentrated hydrochloric acid. This 
caused the precipitation of anisotropic liquid threads from which 
the mother-liquor could be decanted. When these were dissolved 
in hot water (140 c.c.) and treated with 280 c.c. of alcohol, the 
required salt separated in a filterable condition (yield, 11*8 g.) 
(Found: Loss at 160°, 17*4. C2 4 H 15 0 11 N 3 S2]Sra 2 ,7JH 2 0 requires 
H 2 0, 17*6%. Found in dried salt: Ha, 7*3. C 24 H 15 O n N 3 S 2 Na 2 
requires Na, 7*3%). This disodium salt is soluble in boiling water 
and, on cooling, separates in anisotropic, worm-like growths. A 
dilute aqueous solution treated with a little sodium chloride sets 
to a clear anisotropic gel. Under the most favourable conditions 
for crystallisation—a little water and excess of alcohol—it separates 
in anisotropic, gelatinous aggregates devoid of recognisable structure. 

1 -m' - Aminobenzoyl-m-aminobenzoylamino-S-naphthol-3 : 6 - disul - 
phonic Acid ,—The preceding intro-compound (9*0 g.) was reduced 
at 0 a with ferrous chloride and alkali. The filtrate and alkaline 
extracts of the ferric hydroxide were neutralised to Congo-paper 
and on being kept for 24 hours deposited almost the whole of the 
amino-compound as an amorphous precipitate. This was dissolved 
in 100 c.c. of boiling water and treated with 60 c.c. of alcohol; 
it‘then separated slowly in the amorphous condition (Found : Loss 
at 160°, 16*9. requires H 2 0, 16*8%, 

Found in anhydrous salt: Na, 4*3. C^HjgO^SgNa requires 
Na, 4*0%). This sodium hydrogen salt is not very soluble in boiling 
water. It separates on cooling in microscopic spicules or leaflets. 
Its dilute aqueous solution is precipitated by concentrated hydro¬ 
chloric acid as a gelatinous, anisotropic product, which dissolves 
on warming and then crystallises in fine needles. It gives an 
orange colour on diazotisation. 

QE-Carbonyl~l : &-aminonaphthol-3 : 6 -disulphonic Acid,— H-Aoid 
(5 g.) was dissolved in 100 c.c. of water containing 10 c.c. of 2N* 
sodium hydroxide and 20 g. of anhydrous sodium, carbonate. The^ 
solution was phosgenated till acid to Oongo-pap&r. The 
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collected and crystallised from hot water (40 c.c.) (yield, 4 g.) 
(Found : Loss at 150°, 16-1. C 11 H 5 0 8 NS 2 Na 2J 4H 2 0 requires H 2 0, 
15-6%. Found in dried salt: Na, 11-8. C n H 5 0 8 NS 2 Na 2 requires 
Na, 11*8%). This disodium salt is soluble in 10 parts of cold water 
to a neutral solution. It crystallises in needles which darken on 
exposure to the air. It is readily salted out by sodium chloride 
and gives a very sparingly soluble barium salt. Unlike all the other 
derivatives of H-acid described in this paper, which give an intense 
magenta-red colour with Pauly’s reagent in sodium carbonate 
solution, this salt gives no coloration. 

s ‘Carbamide of l-m-Aminobenzoylamino-8-naphthol-3 : 6-disul - 
phonic Acid .—Five g. of the aminobenzoylamide were submitted to 
a double phosgenation as described in previous instances. The 
precipitated solid was collected, dissolved in 15 c.c. of boiling water, 
neutralised, and treated with 7 c.c, of alcohol. The carbamide 
separated in clusters of gelatinous leaflets (yield, 3-0 g.) (Found : 
Loss at 160°, 19*8. C 35 H 22 0 17 N 4 S 4 Na 4 ,13pi 2 0 requires H 2 0,19*7%. 
Found in anhydrous salt : Na, 9-2. C 35 H 22 0 17 N 4 S 4 Na 4 requires Na, 
9*3%). This carbamide is soluble in boiling water and crystallises, 
on cooling, in the same way as from dilute alcohol. A solution in 
dilute nitric acid gives an orange-red solution on boiling. With 
magnesium, calcium, and barium chlorides it yields sparingly 
soluble, gelatinous precipitates. 

.. s -Carbamide of l-m f -Aminobenzoyl-m-aminobenzoylai7iino-S-naph- 
Ihol- 3 : 6 -disulphonic Acid. —Five g. of the amino-compound were 
phosgenated in the usual way. The solution was saturated with 
sodium chloride, and the solid collected. It was dissolved in 260 c.c. 
of boiling water, neutralised, and treated with 200 c.c. of alcohol. 
The carbamide separated in gelatinous particles which were 
isotropic (yield, 3*3 g.) (Found: Loss at 160°, 20-6; Na, 6*0, 
C4ftH 82 0 ld N 6 S 4 Na 4 ,17£H 2 0 requires H 2 0, 20*4; Na, 6*0%). This 
carbamide is not very soluble in water, It is readily salted out 
and gives sparingly soluble salts with magnesium, barium, and 
calcium chlorides. 

2‘m-Nitrobenzoylamino^‘mpMiol-Z : 6 -diml/phonic Acid »—2R- 
Acid (24*2 g. of commercial disodium salt) was dissolved in 150 c.c. 
of water and nitrobenzoylated in the usual way. The’ highly 
coloured but clear solution was acidified to Congo-paper and on 
being kept for 12 hours at 0° gave 37 g. of crystalline solid, which, 
on ether extraction, gave 27*0 g. of amide. The original aqueous 
liquors after extraction with ether and concentration gave a further 
4*2 g. of amide. The combined crops crystallised from 100 c.c. of 
water in small prisms (yield, 25*2 g.) (Found: Loss at 160°, 13*6. 
C i ^Hj 0 O 10 N requires H 2 0, 13*7 %* Found in anhydr- 



AND CHEMICAL CONSTITUTION. TART VII. 


3093 


ous salt: Na, 8-7. C 17 H 10 O 10 N 2 S 2 Na 2 requires Na, 9*0%), This 
disodium salt is readily soluble in hot water but sparingly soluble in 
cold. It forms a barium salt, sparingly soluble in water, which 
crystallises in microscopic clusters of needles. This amide is readily 
salted out; it gives an eosin-like colour in sodium carbonate solution 
with Pauly’s reagent. When boiled with dilute nitric acid it gives 
an orange-red solution. 

2-m-Aminobenzoylamino-8-naphthol-3 : 6-disulphonic Acid .—The 
above-described nitro-compound (20*8 g.) was reduced at 0° with 
ferrous chloride and alkali in the usual way. The filtrate and 
alkaline extracts of the ferric hydroxide on neutralisation to Congo- 
paper deposited 16-8 g. of small needles. The mother-liquor on 
concentration gave a further 2*1 g. The product was recrystallised 
from 10 volumes of boiling water (Found : Loss at 160°, 13*6. 
C 17 H 13 0 8 N 2 S 2 lSra,4H 2 0 requires H 2 0,13-5%. Found in anhydrous 
salt: Na, 4*7. C 17 H 13 0 8 N 2 S 2 Na requires Na, 5*0%). This amide 
has a faint acid reaction to Congo-paper. It forms a diazosulphonate, 
fine needles, and it gives a sparingly soluble barium salt, granular 
crystals. It is very readily salted out. 

2 - m' - Nitrobenzoyl - m - aminobenzoylamino - 8 - naphthol - 3 : Q-disul- 
phonic Acid .—The preceding amino-compound (10-6 g.) in 100 c.c. 
of water was nitrobenzoylated by the usual process. The final 
product was a clear anisotropic gel. Addition of a little con¬ 
centrated hydrochloric acid gave a limpid fluid, but excess gave a 
clear anisotropic gel. This was stirred with sodium chloride; it 
then coagulated and could be filtered. It was dissolved in 150 c.c. 
of boiling water and treated with 400 c.c. of alcohol. On keeping, 
the nitro-compound separated in the amorphous state, but gradually 
transformed into clusters of microscopic needles (yield, 11*5 g.) 
(Found in product from 50% alcohol: Loss at 160°, 17*1. 
C24H 15 0 11 N 3 S 2 Na 2J 7H 2 0 requires H 2 0, 16*7%. Found in dried 
salt: Na, 7*2. O^H^gOuNgSgNag requires Na, 7*3%), This nitro¬ 
compound is best obtained white and in needles by stirring it with 
just insufficient boiling water to dissolve it and adding alcohol 
gradually to complete its solution and then several volumes of 
alcohol. The calcium and barium salts are sparingly soluble, 

2 - m! -Aminobenzoyl-m-aminobenzoylamino~$-naphthol - 3 : 6 - disul- 
phonic Acid .—The foregoing nitro-compound (12*0 g.) was dissolved 
in 222 c.c. of 0*5iV-sodium hydroxide and reduced with ferrous 
chloride and alkali at 15° in the usual way. The filtrate and 
alkaline extracts of the ferric hydroxide were acidified and separ¬ 
ation of the anisotropic solid was completed by saturation with 
sodium chloride. The gelatinous solid obtained on ; ffltration 
dissolved in TOO c.c. of boiling water and treated with 300 

Bt. m'M ’ k- iMSM 
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alcohol. On keeping at 0° for some days, a gelatinous, anisotropic 
mass filled the fluid. This was collected by filtration and washed 
free from chloride by 90% alcohol. The mother-liquors were 
concentrated to a small volume and re-treated in a similar way. 
The total yield of solid, dried in a vacuum, was 9-0 g. (Found : Loss 
at 160°, 20*6. C^H^Og^SaNajBlHaO requires H 2 0, 20-9%. 
Found in dried salt: Na, 4*3. C 24 H 18 0 9 N 3 S 2 Na requires Na, 4*0%). 
This amino-compound is readily soluble in hot water and separates 
on cooling in gelatinous, anisotropic needles. It is very readily 
salted out and if such a solution be warmed until clear and be 
allowed to cool, it sets to a clear anisotropic gel. A dilute solution 
in hydrochloric acid gives a clear anisotropic, gelatinous solution on 
addition of sodium nitrite and the product couples with alkaline 
p-naphthol. Hot dilute nitric acid gives a red coloration, and an 
alkaline solution couples with diazotised sulphanilic acid with 
production of an eosin-like coloration. 

s -Carbamide of 2 : 8 -Aminonaphthol -3 : Q-disulphonic Acid .— 
211-Acid (5*0 g.) in 250 c.c. of water containing 26 g. of anhydrous 
sodium carbonate was phosgenated until the reaction was acid to 
Congo-paper. The solution was neutralised and saturated with 
sodium chloride and on being kept for several days deposited the 
carbamide mixed with some unchanged amine* It was redissolved, 
submitted to a second phosgenation, and when the conditions were 
adjusted for its isolation it slowly separated. It crystallised from 
2 volumes of boiling water in rods (yield, 45%) (Found: Loss at 
160°, 19*2. C 21 H 12 O 15 N 2 S 4 Na 4 ,10H 2 O requires H a O, 19*3%. 

Found in dried salt: Na, 12*3. C 21 H 12 0 15 N 2 S 4 Na 4 requires Na, 
12*2%). This carbamide is readily soluble in water and is not 
readily salted out. It gives no precipitate with concentrated hydro¬ 
chloric acid, whereas 2E-acid gives a precipitate of needles. Unlike 
2R-aoid, it gives a microcrystalline barium salt on addition of con¬ 
centrated barium chloride solution. 

s -Carbamide of 2-m-Aminobenzoylamino-S-napUhobi : Q-disul¬ 
phonic Acid.—The parent amine (5*8 g.) was submitted to a double 
phosgenation in the usual way. The precipitated solid was dis¬ 
solved in 17*5 c.c. of boiling water with neutralisation and pre¬ 
cipitated by addition of an equal volume of alcohol (yield of material 
dried in a vacuum, 2*8 g.) (Found; Loss at 160°, 13*6. 
C 3S Hg 2 0 17 N 4 S 4 Na 4 ,8JH 2 0 requires H 2 0, 13*4%. Found in dried 
solid: Na, 9*2. C 35 H 22 0 17 N 4 S 4 Na 4 requires Na, 9*3%). This carbamide 
is readily soluble in water and crystallises from very concentrated 
solutions as a microcrystalline powder, but better by addition of 
sodium chloride. The calcium and barium salts are sparingly 
soluble. 
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s- Carbamide of 2-m r 'Aminobenzoyl-m-aminobenzoylamino-8-naph- 
thol- 3 : 6-disulphonic Acid .—The parent amine (5 g.) in 100 volumes 
of water containing 20 g. of sodium carbonate was submitted to a 
double phosgenation at 30°. The precipitated solid was neutralised, 
dissolved in 120 c.c. of boiling water, and treated with 120 c.c. of 
absolute alcohol. The yield of material dried in a vacuum over 
sulphuric acid was 3*0 g. (Found: Loss at 160°, 11-9. 
QdH 3 oO 19 N 6 S 4 Na 4 ,9H 2 0 requires H 2 0, 11*7%. Found in dried 
solid: Na, 7-6. C 49 H 32 0 19 N 6 S 4 Na 4 requires Na, 7*5%). This 
carbamide is easily soluble in warm water and is readily salted out 
as a weakly anisotropic solid. Concentrated hydrochloric acid 
precipitates a weakly anisotropic, finely divided substance, possibly 
the free tetrasulphonic acid. The magnesium , calcium , and barium 
salts are sparingly soluble, gelatinous substances. 

m-Nitrobenzoyl-l-naphthylamineA : 6 : 8-trisulphonic Acid .—The 
parent naphthylaminetrisulphonic acid (9*0 g. of disodium salt) 
was nitrobenzoylated in the usual way. After removal of 
nitrobenzoic acid the neutralised liquors on concentration gave 
the required amide, which w r as recrystallised from a small 
volume of w^ater (yield, 13*55 g.) (Found: Loss at 160°, 11*7. 
C 17 H 9 0 12 N’ 2 S 3 Na a ,4^H 2 0 requires H 2 0, 11*9%. Found in dried 
substance: Na, 11*4. C 17 H 9 0 12 N 2 S 3 Na 3 requires Na, 11-5%). 
This amide is very readily soluble in water and is only salted out 
with difficulty. It is best crystallised from diluted alcohol and 
then separates in clusters of needles. It forms a readily soluble 
calcium salt and a somewhat less soluble barium salt, crystallising 
in woolly needles. 

m -Aminobenzoyl -1 - naphthylamine >4:6:8- trisulphonic Acid .— 
13*3 G. of the above nitro-amide were reduced with ferrous chloride 
and alkali. The neutralised filtrates, freed from iron, were con¬ 
centrated under reduced pressure at 80° and as much sodium 
chloride removed as possible by evaporation and filtration and 
precipitation with alcohol. The amino-compound was then pre¬ 
cipitated as an oil by excess of alcohol and gradually solidified. 
The yield of crude material containing some sodium chloride was 
11-1 g. It was not obtained sufficiently pure for analysis. It is 
extremely soluble in water and is not salted out. It is also soluble 
in hot methyl alcohol. It diazotises and then couples with 
p-naphthol. From ethyl-alcoholic solutions containing a little 
water it crystallises in needles or prisms. 

m'-Nitrobenzoyl-m’aminobenzoyl-l-naphthylamineA ; 6 : 8 4risuU 
phonic Acid .—8 G. of the above amino-compound were nitro¬ 
benzoylated in the usual way. The neutralised liquor on con* 
centration deposited a felted mass of needles, which were eolleh^^l 
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without washing, dissolved in 10 c.c. of hot water, and treated with 
50 c.c. of alcohoL When cool, the required nitro-amide had 
separated as a felt of very fine needles (yield, 74 g.). For analysis, 
it was recrystallised from 90% alcohol (Found : Loss at 160°, 16-7. 
^H^O^^SgNa^jSHgO requires HaO, 16*7%. Found in dried 
substance : JSTa, 9*4. C 24 H 14 0 13 N‘ 3 S 3 N'a 3 requires Na, 9*6%). This 
nitro-amide is very easily soluble in water, but is readily salted 
out. On addition of calcium or barium chloride the calcium or 
barium salt is precipitated as a gelatinous, anisotropic product, 
but on keeping the barium salt crystallises in tufts of woolly needles, 
m'-Amimbenzoyl-m-aminobenzoyl-l-TiaphthylamineA : 6 : 8 -trisuU 
phonic Acid .—The preceding nitro-compound (7*5 g.) was reduced 
at 0° with ferrous chloride in the usual way. The solution, neutral¬ 
ised to Congo-paper and free from iron, was concentrated to about 
60 c.c.; it then set to a paste of fine, short needles. These were 
collected without washing, dissolved in 20 c.c. of hot water, and 
treated with 25 c.c. of absolute alcohol. The product separated as 
an anisotropic, gelatinous mass filling the solution. It was filtered 
off and well washed with 80% alcohol, but could not thus be freed 
from chloride. The yield of material dried in a vacuum was 4*5 g. 
This product is a disodium salt and can be salted out from aqueous 
solutions, but not very readily. For analysis it was dissolved in a 
small volume of hot water, neutralised to litmus, and treated with 
several volumes of alcohoL On keeping, the solution deposited 
balls of woolly needles of the trisodium salt (Found in material 
dried in a vacuum : Loss at 160°, 8*7. C 24 H lc 0 1 j L Kr 3 S 3 Na3,3|H20 
requires H 2 0, 84%. Found in anhydrous solid: Na, 9*6. 
C24H 16 0 11 N 3 S 3 Na 3 requires Na, 10*0%). The trisodium salt is not 
salted out and is extremely readily soluble in water. If the reaction 
of the original liquors from the reduction be neutral to litmus 
instead of neutral or acid to Congo, no amino-compound separates 
until almost all the sodium chloride has been removed and the 
solution concentrated to a syrup, 
s-Carbamide of l-NapMkylamineA : 6 : S4risulphonic Acid .—The 
parent amine (10 g.) was phosgenated at 30° in a solution containing 
100 g. of anhydrous Sodium carbonate in 250 c.c. of water. The 
solution was neutralised and concentrated repeatedly under reduced 
pressure with intermediate removal of as much sodium chloride as 
possible. The residual filtrate was evaporated almost to dryness 
in a vacuum, treated with a few c.c. of warm water, and decanted 
from undissolved sodium chloride. On cooling, the carbamide 
separated in long, delicate needles, which were recrystallised from 
a little water. In this way, 4*1 g. of the carbamide were obtained, 
still containing some sodium chloride which could notbe removed 
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from the limited quantities at our disposal. This carbamide is 
extremely readily soluble in water, is not salted out, and gives no 
precipitate on addition of concentrated hydrochloric acid or 
alkaline-earth chlorides. 

s- Carbamide of m-Aminobenzoyl- 1 -naphthylammeA : 6 : 8-trisul- 
phonic Acid .—The unisolated amino-compound prepared from 10 g. 
of the corresponding nitro-eompound was made up to 500 c.c. 
with water and treated with 40 g. of anhydrous sodium carbonate, 
and carbonyl chloride passed in until the solution was acid. The 
neutralised solution was concentrated and as much sodium chloride 
removed as possible, first by direct crystallisation, then by addition 
of ethyl alcohol, and finally by addition of methyl alcohol. The 
liquor was then concentrated to a small volume and several volumes 
of methyl alcohol were added so long as there was precipitation of 
sodium chloride; after a few days, below 0°, the required carb¬ 
amide separated in soft needles (yield, 6*8 g.). For analysis, it was 
recrystallised under the same conditions from 66% methyl alcohol 
at — 5° (Found in material dried in a vacuum : Loss at 160°, 6T. 
C 35 H 20 O 21 N 4 S 6 Na 6 ,4H 2 O requires H 2 0, 5*8%. Found in dried 
solid: Na, 11*4. C 35 H 20 O 21 N 4 S 6 Na 6 requires Na, 11*9%). This 
carbamide is hygroscopic and extremely readily soluble in water or 
in 98% methyl alcohol and is not salted out. 

s-Carbamide of m'-Amiriobenzoyl-m-aminobenzoyl- 1 -naphthylamine - 
4:6: 84risulphonic Acid. —The base prepared from the nitro¬ 
compound (13*8 g: anhydrous) without isolation was phosgenated 
in 500 c.c. of water in presence of 50 g. of anhydrous sodium 
carbonate. The carbamide was isolated in the same way as the 
preceding member. The yield of crystalline solid containing a 
little chloride was 9*65 g. For analysis, it was dissolved in 10 c.c. 
of hot water and treated with 3o c.c. of 98% methyl alcohol; it 
then slowly crystallised, below 0°, in clusters of white needles. It 
was washed with 80% methyl alcohol, cooled to — 5° (yield, 8*1 g.)- 
As it was hygroscopic, it was dried in a vacuum (Found : Loss at 
160°, 9*3. C 49 H 30 O 23 N 6 S$Na 6 ,8H 2 O requires H 2 0, 9*3%. Found in 
dried solid: Na, 9*5. O^HgoO^NgSgNag requires Na, 9*8%). 
This carbamide is very soluble in water or methyl alcohol and is not 
salted out. With saturated barium chloride solution, it gives after 
some delay a barium salt in anisotropic particles. It gives no pre-. 
cipitate with lead acetate, but is precipitated by basic lead acetate. 

The thanks of the authors are due to Mr. W. K. Anslow for 
assistance in the preparations and analyses. 
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CCCCVIII .—Investigations on the Reactivity of Halogens 
in Various Types of Naphthalene Derivatives . 
Part I . 

By John Baldwin Shoesmith and Hannes Rubli. 

A series of investigations has been undertaken with the view of 
extending work already carried out on halogenated derivatives of 
benzene (J., 1922, 121, 1391; 1923, 123, 2828; 1924, 125, 1312, 
2278; 1926,214, 2832; this vol., p. 1768) to the naphthalene series. 
It has been discovered that the ease of replacement of both nuclear 
and side-chain halogen in naphthalene compounds is markedly 
different from that in the corresponding benzene derivatives; thus, 
a- and 3-naphthylmethyl bromides are both more readily hydrolysed 
in aqueous alcohol at 25° than is benzyl bromide, the order of ease 
of hydrolysis being a>(3, a fact which substantiates the rule put 
forward by Olivier (Bee. trav. chim 1923, 42, 775) showing the 
connexion between the rate of hydrolysis of benzyl halides and 
substitution in the aromatic nucleus. Owing to the rapidity of the 
hydrolysis, it was not possible to ascertain whether this order 
remained the same at higher temperatures, but it appeared to be so 
at 60°. The two isomerides are also almost equally more rapidly 
reduced than benzyl bromide at 77°. 

Of the a- and (3-bromo- and iodo-naphthalenes, only a-iodo- 
naphthalene is appreciably reduced at 100° by hydrogen iodide, and 
it appears as if the halogen (especially iodine) attached to the 
nucleus in the position which is most readily attacked during sub¬ 
stitution is correspondingly most readily removed by hydrogen 
iodide. 

The reduction of 1 -bromo-(3-naphthol and 4-bromo-a-naphthol 
proved of interest in that (1) they are both very readily reduced, 
and (2) the order of ease of reduction is o>p, the reverse of the case 
in the corresponding benzene series. It has already been suggested 
(J.,1924, 125, 1314) by one of us, and independently by Nieholet 
(J. Amer. Chem. Soc., 1927, 49, 1812), that the intermediate form¬ 
ation of molecules of a quinonoid type probably assists the re¬ 
duction of such compounds, a suggestion borne out by the great 
. reactivity of the ortho-compound above (since ortho-quinonoid 
forms are recognised as more prevalent in the naphthalene than in 
the benzene series), and also by the very slow rate of reduction of 
5-bromo-a-naphthol in which the possibility of intervention of 
quinonoid formation is not so marked. 

The formation of active quinonoid molecules is probably a power¬ 
ful factor in the ease of reduction of the second series of nuclear* 
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halogenated naphthalene derivatives examined,* viz., 1-bromo- 
2-methylnaphthalene and 4-bromo-l-methyhmphthalene, both of 
which are reduced by hydriodic acid at 100°, in contradistinction to 
the bromotoluenes, which are stable, and the order is again 1:2 > 1:4. 

In various substituted a-naphthylnaethyl bromides the reactivity 
of the bromine atoms was in the decreasing order _p-OMe>£>-CH 3 > 
unsubs. >p-Br, which is the same as in the hydrolysis of substituted 
benzyl bromides, the reciprocal of the time (in days) for 50% 
hydrolysis, which gives a measure of the velocity coefficient, being 
shown in parenthesis after each compound : 4 -methoxy-oi-nwphtJiyl- 
methyl bromide{oo ) > 4:-methyl-x-napMhylmethyl bromide (6*0) > a- 
naphthylmethyl bromide (0-55) > 4- bromo - oc-naphthylmethyl 
bromide (0*29). 4-Methoxy-a-naphthylmethyl bromide resembles 
^-methoxybenzyl bromide in being almost instantaneously 
hydrolysed in aqueous alcohol, and its great reactivity, e.gr., in a 
moist atmosphere (see Experimental), must be due to the combined 
influences of the general and the powerful alternating effect of the 
methoxyl group, supplemented by a further effect due to the com¬ 
pound’s “ naphthalenoid ” (as opposed to benzenoid) character. 
4-Methyl-a-naphthylmethyl bromide also is very readily hydrolysed 
in aqueous alcohol, and the naphthalenoid enhancing influence is so 
great that in 2-methyl-a-naphthylmethyl bromide, in w r hich a 
decreased reactivity might have been expected from steric hindrance, 
the bromine atom is almost as readily replaced as that in the 1 : 4- 
isomeride. 

Whilst the hydrolysis of the methoxyl and methyl compounds 
proved to be too rapid to allow a satisfactory velocity coefficient to 
be obtained, the comparative slowness of the hydrolysis of the 
unsubstituted a- and (^naphthylmethyl bromides and of 4-bromo-a- 
and 1 - bromo - p-naphthylmethyl bromides has enabled us to obtain a 


Table I. 


Compound. k x 10 6 . 

1. C 10 H 7 *CH 2 Br(a) . 270 

2. C 10 H 7 *CH 2 Br(j$) . 210 

3. C 6 H 5 *CH 2 Br. 125 

4. MeO{5)*a 0 H e *CH 2 Br(a) 485 

5. Br(5)*C 10 H 6 *CH 8 Br(a)... 129 


Compound. 

6. Br(4)*C 10 H 6 *CH 2 Br(a) 

7. Br( 1 )*C 10 H 6 *CH 2 Br(jS) 

8. Br(4)*C 6 H 4 *CH 2 Br( 1) 

9. Br(2)*C 6 H 4 *CH 2 Br{ 1) 


k X 10«. 
137 
59 
71 
31) 


numerical value of the increased reactivity, due to the compounds 
having acquired naphthalenoid characteristics in the a or ^-position, 
by comparing the values in Table I (k — unimolecular velocity 

* That formation of molecules of a quinonoid type might be intermediate 
in the reduction of the halogenated methylnaphthalenes appears probable in 
view of recent work of Schorigin ( Ber 1926, 59, 2504), who claims to have 
demonstrated the existence of the quinonoid modification of toluene, , 
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coefficient at 25°). The ratio for compounds 1 and 3 is 2*16, and 
that for compounds 6 and 8 is 1*92; the reaction is therefore approx¬ 
imately twice as fast for the a-naphthalene derivatives as for the 
corresponding benzene derivatives. In the case of the g-naphthalene 
derivatives the increase is not so great, as may be seen from 
the ratio between Nos. 2 and 3 (1*68) and between Nos. 7 and 
9 (1*52). 

Definite evidence of the transmission of an influence from the 
5- to the 1-position of the naphthalene nucleus has been obtained, 
in that the order of ease of hydrolysis of the following compounds is : 
5-methoxy-a-napMhylmetJiyl bromide (h — 0*000485) > a-naphthyl- 
methyl bromide (h = 0*000270) > 5-bromo-a-mpMhylimthyl bromide 
(k = 0*000129); it is important to note that this is the order of 
reactivity of the 1: 4-isomerides, but whilst 4-methoxy-a-naphthyl- 
methyl bromide is hydrolysed with great rapidity in aqueous- 
alcoholic solution, the 1:5-isomeride is comparatively slowly 
hydrolysed. This is in agreement with the generalisation of Olivier 
{loc.cit.), since a-naphthol in the form of its carbonate is brominated 
in the 4-position. The fact that the 5-methoxy-derivative is more 
reactive than the unsubstituted compound is of interest, and it is 
possible that in a-naphthol itself the 5-position is liable to attack, 
but the overwhelming reactivity of the 4-position completely masks 
the tendency to produce a 1: 5-derivative. 

The nuclear bromine atom in 5-bromo-a-naphthylmethyl bromide 
exercises a powerful retarding influence on the rate of hydrolysis 
of the lateral bromine atom, and the 1 : 4-isomeride (k — 0-000137) 
is slightly but definitely more reactive than the 1:5-isomeride 
(k = 0*000129), which is again in agreement with the production 
of more l:4-dibromo- than 1:5-dibromo-naphthalene in the 
bromination of a-bromonaphthalene (Armstrong and Rossiter, 
Ghem . News, 1892,65, 59), 

The differences which exist between the hydrolysis of the 1: 4- 
and 1:5-isomerides suggest that, whilst both alternating and general 
influences are readily transmitted from the 4- to the 1-position in 
naphthalene as in the corresponding benzene derivatives, the 
alternating influence does not readily pass from the 5- to the 1- 
position. An, effect due to the general influence is apparent, 
viz., the retarded reactivity of 5-bromo-a-naphthylmethyl 
bromide and the slightly enhanced reactivity of 5-methoxy-a- 
naphthylmethyl bromide as compared with the unsubstituted 
a-naphthylmethyl bromide, since bromine retards and methoxyl 
increases such reactivity in a general way (compare Shoesmith and 
Slater, X, 1926,217). 
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Experimental. 

The isomeric naphthylmethyl bromides were prepared by bromin- 
ating the appropriate methylnaphthaJene at the boiling point in 
direct sunlight. They were purified by crystallisation from alcohol; 
the a-isomeride had m. p. 53°, and the p- had m. p. 56°. They both 
possess lachrymatory properties, and produce a burning sensation 
on the skin. 

4:-Methoxy-^-naphthylmethyl Bromide .—4-Methoxy-oc-naphthalde- 
hyde, prepared from a-naphthyl methyl ether by Gattermann’s 
method (Annalen, 1907, 357, 365), was converted into 4-methoxy-a- 
naphthylcarbinol of m. p. 35° (Anal. Fis . Quim 1919, 17, 125) by 
means of 66% aqueous potassium hydroxide (25% alcoholic potass¬ 
ium hydroxide was without action), and the carbinol, dissolved in 
dry benzene, was converted into the corresponding bromide by 
means of dry hydrogen bromide. The resulting yellow, needles 
could not be recrystallised from any solvent owing to their great 
instability; they had m. p. 119—120° (decomp.) (Found: Br, 
hydrolysable, 24*7. C 12 H n OBr,C 6 H 6 requires Br, 24-3%). . The 
whole of this bromine became ionisable in 90% aqueous alcohol in 
5 minutes. The yellow crystals fumed and rapidly liquefied in the 
atmosphere owing to hydrolysis. 

An attempt to prepare 2-methoxy-a-naphthylearbinol by a similar 
method was unsuccessful; 4-methoxy- and 2-methoxy-a-naphtho- 
amides were found by Gattermann (Annalen, 1888, 244, 72) to 
display analogous differences in their behaviour with potassium 
hydroxide; moreover 2-methoxy-a-naphthaldehyde gives anomalous 
results with Schrff’s reagent. An attempt to obtain the carbinol 
by reduction of 2-methoxy-a-naphthaldoxime (by means of sodium 
amalgam in glacial acetic acid) to the corresponding amine also 
failed. This suggests that reactions involving the carbon atom 
of the aldehyde group are inhibited by the proximity of the methoxyl 
group on the one side and the additional ring system on the other. 

An attempt was also made to prepare 3-methoxy- a-naphthyl- 
methyl bromide, and the synthesis was carried as far as the corre¬ 
sponding alcohol, but insufficient of this was obtained for the 
purpose. 

S-Methoxy-a-naphthaldehyde. —a-Naphthylamine-3 : 8-disulphonic 
acid (100 g.), dissolved in 11. of water containing 25 g. of sodium 
hydroxide, was reduced with 200 g. of 4% sodium amalgam, and 
the a-naphthylamine-3-sulphonic acid was converted into %-methoxy- 
a-napMhaMehyde by the methods already given (J., 1926, 3241). 
Especial care was necessary to ensure the absence of 3-hydroxy-oe- 
naphthoic acid from the intermediate 3-methoxy-a-naphthoic acid^ 
this was converted into Z-methoxy-u-napMhoyl 
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needles from light petroleum, m. p. 79° (Found : Cl, 15*5. C 12 H 9 0 2 C1 
requires Cl, 16*1%), which was catalytically reduced. The aldehyde 
crystallises from light petroleum in colourless, rhombic plates, 
m. p. 60° (Found: C, 77*1; H, 5*4. C 12 H 10 O 2 requires C, 77*5; 
H, 5*4%); oxime , white needles from aqueous alcohol, m. p. 102° ; 
p-n iirophe?iylhydrazone } brick-red needles from acetic acid, m. p. 
197°; semicarbazone , white needles from aqueous alcohol, m. p. 
200°. The yield of aldehyde is very small and only sufficient was 
obtained for characterisation and conversion as above into a small 
sample of 3 -methoxy-ai-mphthylcarbinol. The carbinol crystallised 
from water in fine, colourless needles, m. p. 88° (Found : C, 76*1; 
H, 6*4. 0 12 K n 0z requires C, 76*5; H, 6*4%). 

4-Bromo-a-naphthol was prepared by Reverdin and Kaufimann’s 
method (. Ber 1895,28,3053) and, when purified by steam distillation 
in an atmosphere of nitrogen, was obtained as colourless needles, 
m. p. 129°. When the intermediate 4-bromo-a-naphthyl carbonate 
is treated in methyl-alcoholic solution alternately with 5% methyl- 
alcoholic potassium hydroxide and methyl sulphate in an atmosphere 
of nitrogen, k-bromo-cL-naphthyl methyl ether , a colourless oil, b. p. 
181°/18 mm. (Found : Br, 33*6. C u H 9 OBr requires Br, 33*8%), 
may be obtained. 

1-Bromo-p-naphthol, prepared by direct bromination of @- 
naphthol and repeatedly crystallised from acetic acid, had m. p. 84°. 

1-Bromo-p- and 4-bromo-a-methylnaphthalenes were prepared 
by direct bromination of (3- and a-methylnaphthalene, respectively, 
and purified by repeated fractionation in a vacuum. The samples 
used in the reduction experiments were free from hydrolysable 
bromine. They were converted into 1-bromo-p-naphthylmethyl 
bromide (m. p. 107°) and 4-bromo-a-naphthylmethyl bromide 
(m. p. 103°), respectively, by a current of dry bromine at 210—220°, 
and recrystallisation from light petroleum (Mayer and Sieglitz, 
j&r., 1922, 55, 1839). 

4- Methyl- a -mphthylmethyl Bromide. —4-Bromo-l-methylnaph- 
thalene (13 g.) was treated in ethereal solution with magnesium 
(1*5 g.), and after the vigorous reaction had ceased paraformaldehyde 
(18 g.) was added, and the whole heated for 48 hours; the product 
was mixed with ice and sulphuric acid, extracted with ether, the 
ether evaporated, the residual oil dissolved in alcohol, and the 
4-methyl-a-naphthylcarbinol, m. p. 75°, obtained by fractionally 
precipitating the oil first with water. The carbinol was converted 
into 4-?nethyl-<x-7iaphthylmethyl bromide in dry benzene by means of 
hydrogen bromide. It crystallised from light petroleum in long 
needles, m. p. 77° (Found : Br, 34*3. C 12 H n Br requires Br, 34*0%). 

, 2-3Sfethyl-a-naphthylmethyl bromide was obtained similarly 
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from l-bromo-2-methylnaphthalene, and had m. p. 88° (Ziegler 
and Tiemann, Ber., 1922, 55, 3411), 

For comparative purposes, co - br omo -p - xylene was prepared from 
p-toluonitrile by reduction by Stephen’s method (J. } 1925, 127, 
1874) to p-tolualdehyde, and thence by 25% alcoholic potassium 
hydroxide to p-tolylcarbinol, which gave o-bromo-p-xylene on 
treatment with hydrogen bromide. This should also prove a more 
convenient method for the preparation of the meta-isomeride than 
any yet published. 

Attempts to prepare 4-bromo-2-methylnaphthalene were without 
appreciable success; the method of Vesely and Kapp (Rec. irav . 
chim.y 1925, 44, 371) failed to produce a satisfactory yield of the 
required 4-amino-2-methylnaphthalene, and a method involving the 
bromination of aceto-2-methyl-a-naphthalide with subsequent 
elimination of the amino-group yielded only a trace of impure 

4- bromo-2-methylnaphthalene. 

Aceto - 4 - bromo - 2 - methyl - a - naphthalide. —Aceto - 2 - methyl -1 - 
naphthalide (Lesser, Annalen, 1913, 402, 38) (5 g.) was dissolved in 
25 c.c. of glacial acetic acid, and bromine (5 g.) in glacial acetic acid 
(3 c.c.) slowly added. After 1 hour, the mixture was poured into 
water; the precipitate obtained crystallised from alcohol in fiocculent 
needles, m. p. 223° (Found : Br, 28*7. c 13 h 12 ONBr requires Br, 
28*8%). This acetyl derivative was hydrolysed by a boiling 
mixture of hydrochloric acid (8 parts) and alcohol (8 parts). After 
6 hours, the whole was poured into water, and concentrated ammonia 
added to the hot solution. The precipitated 4-bromo-2~methyl-v.- 
naphthylamine crystallised from light petroleum in white needles 
(rapidly becoming pink in the air), m. p. 82° (Found : Br, 33*4. 
CnH 10 NBr requires Br, 33*9%); the yield was very poor. 

5-Bromo~u~ / >iaphthylmethyl Bromide. —The bromination of a- 
naphthoic acid dissolved in warm glacial acetic acid produced 

5- bromo-a-naphthoic acid, which, when recrystallised several 
times from alcohol, had m. p. 262° (Found: Br, 31*5, Calc. : 
Br, 31*8%) (Eckstrand, J. pr. Chem., 1888,38,155, gives m. p. 246°; 
Baiford and Lankelma, J. Amer. Chem . Soc., 1925, 47, 1119, give 
244°). The acid was converted by means of thionyl chloride into 
5-bromo-a-naphthoyl chloride (compare Baiford and Lankelma, 
foe. cit .); this was recrystallised from light petroleum (b. p. 40— 
60°), and reduced by Bosenmund’s method ( Ber 1918, 51, 591) to 
5-bromo-a-naphthaldehyde (see Bupe and Metzger, Helv. Chim. 
Acta , 1925,8, 838), which crystallised from light petroleum in white, 
prismatic needles, m. p. 104° (Found: Br, 33*9. Calc.: Br, 
.34*1%); p -nitropkenylhydrazone, red needles from acetic acid, m. p. 
263°. The aldehyde was allowed to stand in contact with twiefei 
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its weight of 66% aqueous potassium hydroxide and a few drops of 
alcohol for 3 days, being warmed for a few minutes each day to 60°. 
When reduction was considered to be complete, the reaction mixture 
was diluted with water and extracted with ether, the extract shaken 
with sodium bisulphite solution to remove unchanged aldehyde, 
and the ether evaporated. The 5-bromo-a-naphthylcarbinol so 
obtained crystallised from light petroleum as fine, white needles, 
m. p. 124° (Found : C, 55*5; H, 3-7. C n H 9 OBr requires C, 55*7; 
H, 3*8%). Dry hydrogen bromide passed into the benzene solution 
of this gave D-brom&’Oc-napMhylmethyl bromide , which crystallised 
from light petroleum in white needles, m. p. 101° (Found: Br, 
hydrolysable, 26-7. C n H 8 Br 2 requires Br, hydrolysable, 26*8%). 

o-Methoxy-a-napUhyhnethyl Bromide .—5-Methoxy-a-naphthalde- 
hyde (Shoesmith and Rubli, J., 1926, 3241) was prepared in a 
relatively large quantity (5 g.). The purification of 5-methoxy-oc- 
naphthoie acid was more economically effected by repeated crystal¬ 
lisation than by our former method, and Dr.- C. E. Sosson has 
obtained a sample of m. p. 230°. The corresponding acid chloride, 
obtained by the use of thionyl chloride, yields the aldehyde on 
reduction (yield, 30—40%). 

The aldehyde was reduced as in the case of the bromo-compound 
above; the o-methoxy-cc-naphthylcarbinol obtained crystallised 
from water in long, colourless needles, m. p. 98° (Found : C, 76*5; 
H, 6*3. requires G, 76*5; H, 6*4%); with dry hydrogen 

bromide in benzene solution it yielded 5-methoxy-aL-naphthyl- 
meihyl bromide , which crystallised from light petroleum (b. p. 
40—60°) in white, prismatic needles, m. p. 65° (Found: Br, 31*4. 
Ci 2 H n OBr requires Br, 31*9%). It is more stable in the air than 
the 4-methoxy-derivative. Both 5-bromo- and 5-methoxy-a- 
naphthylmethyl bromides produce a burning sensation on the skin, 
but neither is lachrymatory, 

5-Bromo~oL-napJithoh —Bromine (40 g.) was gradually dropped 
into vigorously stirred, dry s molten a-nitronaphthalene (85 g.), the 
temperature being maintained at 80—100°. 5-Bromo-a-nitro¬ 
naphthalene, m. p. 122°, was obtained pure by crystallising the 
reaction mixture from alcohol, and was reduced by West's method 
(J., 1925,127, 994) to 5-bromo-a-naphthylamine, which crystallised 
from ligroin in plates, m. p. 69°. The insoluble sulphate of this 
compound was diazotised in the usual manner. The rather stable 
diazomum sulphate decomposed most satisfactorily when dropped 
into a boiling solution of 43% sulphuric acid; 5-bromo-a-naphthol 
was then distilled in steam, and crystallised as white needles, m. p. 
1§7° (Fuson^ J. Amer. Chem. Soc ,, 1924, 46, 2779). 
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Hydrolysis of Compounds containing Halogen in the Side Chain.— 
The hydrolyses were carried out at 25° in aqueous alcohol prepared 
by the addition of sufficient alcohol to every 10 c.c. of water to 
produce a volume of 100 c.c., 10 c.c. of the reagent being used for 
each 0*06 (approx.) g. of compound. Aliquot portions of the 
mixture were at intervals run into a large excess of water and rapidly 
titrated with standard alkali. The resulting unimolecular velocity 
coefficient, h (Table I), was satisfactorily constant in each case. 

The rapidity of hydrolysis of 4-methyl-a-naphthylmethyl bromide 
(A) and 2-methyl-a-naphthylmethyl bromide (B) is seen from 
Table II, in which the hydrolysis of 4-bromo-a-naphthylmethyl 
bromide (C) is included for comparison, and t, w, and x have the 
same significance as in former publications. 


w = 

t (hours). 

A. 

0-5172 

X. 

Table II. 

B. 

0-5080 

X. 

t (days). 

c. 

0*6125 

X. 


2 

29 

24 

2 

32-4 


4 

50 

45 

3 

44-8 


8 

68 

65 

4 

54-7 


25 

95 

94 

7 

75-1 


Compound. 

Table III. 

Reagent. 

0 2 H 4 O 2 (c.c.). HI (c.c.). 

T. 

t (hrs.). 

X. 

C 10 H 7 Br(a) . 

10 

10 

100° 

4 

4 

C 10 H,Br(j3) . 

99 

99 

99 

99 

Nil 

C I0 H,I(a) . 

99 

99 

99 

99 

62 

C 10 H,IO) .. 

99 

99 

99 

99 

7 

C 10 H 7 -CH 2 Br(a) ... 

99 

99 

99 

1 

96 

... 

99 

99 

77 

2 

40 

99 ... 

99 

»» 

100 

4 

65 

C 10 H,-CH s Br(j3) ... 

99 

99 

1 

96 

99 "• 

99 

99 

77 

2 

42 

99 

99 

99 

>9 

4 

71 

Br(l)-C 10 H e -OH( j 8) 

15 

5 


0*25 

94* 

99 

22 

99 

25 

0*50 

63 

99 

99 

99 

99 

0*75 

76 

99 

99 

99 

99 

1*50 

93 

Br(4)*C l0 H ft *OH(a) 

15 

99 

77 

0-25 

95* 

99 

22 

99 

25 

0*50 

27 

99 

99 

99 

99 

0*75 

38 

_ 99 

99 

99 

99 

1*50 

63 

Br(i)-c J0 H,-cas[,{/3) 

10 

99 

100 

2 

60 

99 

99 

99 

99 

4 

78 

99 _ 

99 

99 

99 

6 

88 

Br(4)*C 10 H e .CH,(a) 

99 

99 

99 

2 

29 

99 

m 99 

99 

99 

4 

50 

_ _ 99 

>» 

99 

99 

6 

62 

Br(5)-C 10 H,-OH(a> 

» 

99 

99 

5 

20 


* The ease of reduction of these compounds is indicated here* 
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The reciprocal of the time (in days) taken for half hydrolysis of 
co-bromo-^-xylene was 1-0. 

Reduction of Various Halogenated Naphthalene Derivatives .— 
In Table III are summarised all the results of the reduction experi¬ 
ments with hydriodic acid. These were carried out in the usual 
manner, approximately 0*170 g. of each compound being used in 
glacial acetic acid and constant-boiling hydriodic acid; t and x 
have their usual Significance, whilst T is the temperature of 
experiment. The liberated iodine in each case was taken as a 
measure of the amount of reduction which had taken place. 

The authors wish to acknowledge a grant from the Chemical 
Society and a Carnegie Teaching Fellowship to one of them (J. B. S.) 
during the tenure of which the research was carried out, 

Edinburgh Uniyebsity. [Received, October 3 rd 9 1927.] 


CCCCIX .—Investigation of the Constitution of Glycerides 
in Natural Fats. A Preliminary Outline of Two 
New Methods . 

By Thomas Percy Hilditch and Colin Henry Lea. 

Quantitative information in regard to the composition of the 
natural fats is much less available than in the case of most natural 
organic materials. It is only within the past few years that trust¬ 
worthy data have been forthcoming as to the quantitative com¬ 
position of the fatty acids present in combination in natural fats, 
and even at the present time the fats for which such figures are 
available form but a small proportion of the total number of those 
in common use. Information as to the manner in which these 
fatty acids are combined with glycerol in the natural fats is still 
more lacking, and it is indeed no exaggeration to say that at present 
we are without anything approaching quantitative knowledge of 
the structure of the glycerides in any of the natural fats. 

The qualitative detection of individual solid glycerides by sub¬ 
jecting natural fats to exhaustive crystallisation from selected 
solvents has received much attention by several investigators, for 
example, Klimont (Monatsh., 1902, 23, 51; 1903, 24, 408; 1904, 
24, 929; 1905, 26, 563; 1912, 33, 441; etc.), Bomer (Z. Unters. 
Nahr. Genussm:, 1907, 14, 90; 1909, 17, 353; 1913, 25, 321; 
1920* 40,97; 1924,47, 61; etc.) and Amberger (ibid., 1913, 26, 65 ; 
1918, 35, 313 ; 1923,46,276,291; 1924,48,371; etc.} ; as Klimont 
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has emphasised, it is difficult (if not impossible) to obtain complete 
separation of any one component by this procedure. 

The present communication is a description of the results so far 
obtained in some attempts to attack this complex problem by the 
application of new principles. We are not yet in a position to 
give a complete analysis of all the glycerides composing any natural 
fat, but there is reason to believe that further progress along the 
lines of investigation which we have developed will lead to more 
complete results in this direction. Many of the products which 
result from our treatment of the fats are novel in type, and new 
methods of separation must perforce be devised as the work develops; 
it is therefore probable that complete execution of the scheme we 
have in mind will occupy considerable time. Our procedure, 
however, now permits us to ascertain for the first time the propor¬ 
tion of completely saturated triglycerides present in a fat, and also 
to suggest certain general features of the structure of natural fats 
which have already become apparent. 

General Description of the Methods employed .—The primary 
objective has been to alter the chemical characteristics of the 
glycerides in such a way that, without disturbance of the combined 
glyceryl radical, new glycerides may be formed which are separable 
more readily than the original natural mixture. 

Two methods have been applied for this purpose, both of them 
processes of controlled oxidation which have been applied hitherto 
to the simple esters of the higher unsaturated fatty acids : 

1. E. P. Armstrong and one of us (J. Soc. Ghem. Ind. 9 1925, 
44, 43t) showed that the methyl or ethyl ester of a higher unsatur¬ 
ated fatty acid, when dissolved in acetone and submitted to the 
action of powdered potassium permanganate, broke down almost 
quantitatively into a monobasic fatty acid and the hydrogen ester 
of a dicarboxylic acid : 

CH 3 '[CH 2 ] 7 *CH:0H*[CH 2 ] 7 *C0 2 Me —* CH a *[CH 2 ] 7 -C0 2 H + 

H0 2 C*[CH 2 ] 7 -C0 2 Me. 

We have now found that the same decomposition can be effected 
in the case of neutral glycerides without appreciable rupture of the 
glyceryl ester-linking. In cases where the unsaturated glycerides 
are derived from either oleic, linoleic or linolenic acid, the products 
of oxidation are, in addition to nonoic, hexoic or propionic acid, 
complex glycerides united to at least one azelaic acid residue (the 
remaining carboxyl group of which is free). If the possible com¬ 
binations of glycerol with saturated fatty acid (S*C0 2 H) and oleic 
acid (U*C0 2 H) be considered, it will be seen that the following 
products may arise- 
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Original glyceride. Product of oxidation# 


Fully saturated. C 3 H 6 (0*COS ) 3 C 3 H 5 (0*COS ) 3 

/(O-CO-S), ,(0-C0*S ) 2 

Mono-oleo-derivative ... C 3 H 5 ( C 3 H 6 <^ 

\0-00-U) \0-C0-[CH a ] 7 -C0 a H) 

.(OCO-S) .(O-CO-S) 

Dioleo-derivative .. C 3 H 5 <f C 3 H 5 <^ 

\o-CO-U) t \(0-C0-[CH 2 ] 7 ‘C0 2 H ) 2 

Triolein ... C 3 H 6 (0*C0-TJ ) 3 C 3 H 5 (0-C0-[CH a ] 7 -C0 a H ) 3 


The acid azelaic glycerides (of which it is necessary in due course 
to synthesise individual representative members, in order to study 
and compare their characteristics) form as a rule a somewhat com¬ 
plicated mix ture, diffi cult at present to separate satisfactorily. 
Only general discussion of these products is therefore offered at the 
moment, and their detailed examination is reserved for a future 
communication: methods for quantitative separation of the total 
neutral products (i.e., completely saturated glycerides) from the 
acidic products of oxidation (emanating from any glycerides con¬ 
taining unsaturated fatty acids) are, however, given. 

2. It was found by one of us (J., 1926, 1828) that hydrogen 
peroxide in concentrated acetic acid solution effected the practically 
complete conversion of oleic acid or of methyl oleate into a corre¬ 
sponding dihydroxystearic derivative. The dihydroxystearic 
compounds are in general distinguished from the simply fatty acids 
by their higher melting points and sparing solubility in most 
solvents, and it was thought that similar treatment of the natural 
fats might convert them into mixtures more amenable to fractional 
crystallisation than the original materials. The products to be 
expected may be given as follows :— 

Glyceride. 

Fully saturated. 

Mono-oleo-derivative 

Dioleo-derivative ... 

Triolein ................ 

This method has not, up to the present, yielded results quite so 
promising as the more disruptive oxidation, partly in consequence 
of complications in the mode of addition of the hydroxyl radicals to 
the ethylenic linkage which escaped notice in the earlier work on 
the action of hydrogen peroxide upon oleic acid or its simple esters 
(compare Experimental, p. 3114). Nevertheless, the unsaturated 
glycerides can be converted completely into dihydroxylated deriv- 


Product. 

C s H s (0-C0-S), 

, 0 . 0 °^ 

No-CO-[GH 2 ] 7 *CH(OH)*CH(OH)-[CH 2 ] 7 -CH 3 ) 

/(O-CO-S) 

C 8 h/ 

No*CO-[GH 2 3 7 *CH(OH)*CH(OH)d€H a ] 7 -CH 3 ) 2 
C a H &( 0 ’CO *[CH 2 ] 7 * CH(0H) 4 CH( OH)*[CH a ] 7 'CH 3 ) 3 
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atives by this procedure and its employment in conjunction with the 
other method has assisted us in formulating the conclusions now 
put forward. 

Discussion of the Results obtained .—We shall refer mainly in this 
paper to the data which we have collected on the constitution of 
the glycerides of mutton tallow, cacao butter, and cotton-seed oil. 
We hope at a later stage to report in fuller detail upon the con¬ 
stitution of individual fats (in addition to the above, fats such as 
lard, palm-kernel oil, palm oil, Chinese vegetable tallow, Hlip4 
fat, and other vegetable and animal fats are included in the scheme 
of investigation by these methods in these laboratories), but we 
desire here to draw comparisons between different types of fat rather 
than to deal with individual cases. 

The composition of the fatty acids combined in mutton tallow, 
cacao butter and cotton-seed oil is given by Armstrong and Allan 
(J. Soc. Chem. Ind ., 1924, 43, 216 t) as : 

Mutton tallow. Cacao butter. Cotton-seed oil. 


Myristic .. 1-5 — — 

Palmitic. 21*0 23*2 23*4 

Stearic . 30*0 33*6 —* 

Oleic . 43*0 41*8 23*0 

Linoleic . 5*0 1*4 53*6 


We may add that the fatty acids of the cacao butter used in the 
present experiments gave, on separation and fractional distillation 
of the methyl esters of the saturated and the unsaturated portions, 
figures in good general agreement with the above : Palmitic 24-3, 
stearic 34*5, oleic 39*2, linoleic 2*0. 

By applying the permanganate-acetone process of oxidation to 
these fats, we have obtained the following figures for the percentage 
of completely saturated glycerides present in the original fat; the 
results of two separate oxidations are given in each case : 


Mutton tallow 
Cacao butter ... 
Cotton-seed oil 


Completely saturated 
glycerides, %. 
f 24*7 
\ 26*2 

| Below 

/ 1*6 * 

\ 1*5 


Mean equivalent of 
fatty acids. 
268*2 
266*5 
275-4 


* These figures represent maximum, rather than absolute, percentages 
present. 

The non-volatile acidic products of oxidation, as already men¬ 
tioned, are low-melting materials the complete separation of which ; 
may require considerable time; and we therefore limit discussion j 
for the time being to the general relations disclosed between t 
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distribution of saturated and unsaturated fatty acids in the glycer¬ 
ides of vegetable and animal fats; 

In mutton tallow, which contains 26% of completely saturated 
glycerides, the fatty acids of which have a mean equivalent of 
266*5, we see that, to a first approximation, the proportions of fatty 
acids in the unsaturated glycerides are, by difference, about 35% 
of saturated and 65% of unsaturated acids. 

On the other hand, the relative composition of the unsaturated 
glycerides of cacao butter, allowing for 5% of fully saturated 
glycerides (p. 3109), is about 56*5% of saturated fatty acids and 
43*5% of unsaturated fatty acids. 

The mean composition of the unsaturated glycerides lies in each 
case between that of a mono-oleic and that of a dioleic glyceride, 
but clearly approxi m ates more closely to the former in cacao butter 
and to the latter in tallow. 

So far as cacao butter is concerned, indeed, there is evidence that 
the predominating components are mono-oleic derivatives, and that 
oleopalmitostearin is an important constituent. In one of the 
oxidations carried out as described on p. 3112, the separation of a 
considerable quantity of an insoluble soap-like mass was observed 
at the interface between the ethereal solution and the aqueous 
sodium carbonate. This material was separated by filtration, 
washed with ether, and then acidified in the usual manner; a hard 
fatty substance was then obtained which possessed a saponification 
equivalent of 191 and an equivalent by direct titration of 703 
(oleopalmitostearin requires respectively 191*5 and 766); the 
amount isolated in this manner (which is from the nature of the 
case not likely to be the whole of that present) was 60% of the total 
acidic glycerides produced. 

The alternative method of oxidation of cacao butter in acetic 
acid solution with hydrogen peroxide leads to much the same 
conclusion. Large amounts of apparently homogeneous material, 
either in the form of dihydroxylated glyceride or as the monoacetyl 
derivative of the latter (compare p. 3114), were obtained; the 
products approximated in composition to glycerides cont ainin g 
palmitic, stearic, and dihydroxystearic acids in proportions corre¬ 
sponding closely with those of the palmitic, stearic, and oleic acids 
present in the original fat. 

Whilst dioleo-derivatives are of course present to a certain extent 
in cacao butter, we are definitely led from our experience with both 
methods of oxidation to conclude that mono-oleo-d.erivatives 
predominate, and there is considerable evidence that oleopalmito¬ 
stearin is an important component of the fat. This conclusion is 
not incompatible with Klimont’s results (foe. cit.), but is not in 
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accordance with those of Amberger and Bauch (Z. Unters. Nahr. 
Genussm ., 1924, 48, 371).* 

It has been customary in some quarters to conclude that those 
vegetable fats (of which cacao butter is a notable example) which 
combine the especially useful qualities of non-greasy, brittle texture 
and low melting point owe these properties to the presence of certain 
selectively produced glycerides, and the impression is widely held 
that certain plants tend to elaborate specific types of glyceride. 
Our investigations, so far, have led to a somewhat different con¬ 
clusion, namely, that the fatty acids in vegetable glycerides are 
distributed impartially rather than selectively, and that there is a 
distinct tendency towards even distribution of unsaturated acids 
throughout the whole fat, so that the occurrence of simple tri¬ 
glycerides, and even of mixed saturated glycerides, is reduced to a 
minimum. If this be the case, the physical properties of a mature 
vegetable fat depend primarily upon the mixture of fatty acids 
from which it emanates. 

Hence, in the case of cacao butter, in which the proportions of 
palmitic, stearic and oleic acidsTUpproach equality relatively more 
closely than in most fats, it is not unnatural that the final mixture 
resembles an individual glyceride in properties more nearly than a 
fat in which the variation in kind and proportion of the component 
fatty acids is more pronounced. 

Again, permanganate-acetone oxidation of cotton-seed oil has 
proved that entirely saturated glycerides are present only in very 
small proportion, although 25% of the combined fatty acids is 
palmitic acid; this acid is thus practically wholly in combination 
as mixed glycerides with the unsaturated fatty acids, which in this 
oil are present in the proportion of about three molecules per 
molecule of palmitic acid. 

Also, work on palm-kernel oil, at present in an early stage in these 
laboratories, has already indicated that the oleic acid present is 
combined almost entirely with saturated fatty acids in mono- or 
di-oleic glycerides. 

The only animal fat yet studied by these methods, mutton 
tallow, has yielded data which point to an entirely different state 
of affairs, the amount of fully saturated glycerides present being 
far larger than that in the vegetable fats. We prefer, naturally, to 
defer further discussion of the animal fats until we have collected a 
wider range of analytical data. 

* These authors state that cacao butter contains 55% of palmitodiolein, 
25% of oleodistearin, and 20% of oleopalmitostearin ,* the calculated iodine 
value of the original fat is thus 45*7, whereas the recorded figure is 38'6, 



3112 HXLDITCH AND LEA : INVESTIGATION OE THE 

Experimental. 

I. Oxidation of Glycerides with Potassium Permanganate in Acetone 
Solution .—The fats employed were of best edible quality and were 
submitted to oxidation in the neutral condition, i.e., after removal 
of free fatty acids by washing with dilute aqueous alkali. 

The procedure employed in working up the products of oxidation 
differed somewhat in detail with the various fats oxidised, but a 
typical experiment with mutton tallow may be described. 

Mutton tallow . The tallow (100 g.) was dissolved in anhydrous 
acetone (1000 c.c.), and powdered potassium permanganate (250 g.) 
added in small quantities with frequent shaking; the heat of reaction 
•was sufficient to keep the acetone in vigorous ebullition (reflux 
condenser). The mixture was refluxed for 4 hours and kept over¬ 
night. (The admixture of sufficient anhydrous magnesium sulphate 
with the permanganate to neutralise potassium hydroxide liberated 
during oxidation is a further precaution which we have employed 
in some cases in order to restrain any tendency to glyceride saponi¬ 
fication.) The acetone was distilled off and the residue after 
admixture with water was treated with sodium hydrogen sulphite 
and 30% sulphuric acid (the slightest possible excess of free sulphuric 
acid being maintained) at a moderate temperature until decolorised. 
The product was extracted several times with somewhat large 
quantities of ether. In the particular experiment described, the 
first ethereal extract deposited on standing a white, crystalline solid, 
which was recrystallised from acetone (A). The combined ethereal 
extracts were washed free from mineral acid, evaporated to dryness, 
and combined with the residue from the acetone mother-liquor of 
(A). This product was dissolved in a little hot alcohol and titrated 
against JV-alcoholic potash; the neutralised solution was now 
poured into aqueous sodium carbonate and extracted repeatedly 
with ether to remove neutral matter. 

The acidic glyceride products of oxidation are not removed 
efficiently by simple agitation of the ethereal solution with aqueous 
sodium carbonate, and as an alternative to the potash neutralisation 
process outlined above, the following method has been used, par¬ 
ticularly when the proportion of fully saturated glyceride in the 
original fat is fairly large (as in mutton tallow and palm-kernel oil). 

The crude oxidation product is boiled with a slight excess of 
sodium carbonate until a clear layer of neutral fat separates on the 
surface. The aqueous layer, still retaining a considerable amount 
of emulsified neutral fat, is syphoned off, and the separated neutral 
product washed by boiling with water until free from alkali. The 
united alkali extract and washings are now repeatedly extracted 
with ether as above. 
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By these methods a separation is ultimately achieved yielding on 
the one hand the acidic products of oxidation substantially free 
from neutral glycerides and on the other the neutral product 
containing only traces of acid substances. Thus in the experiment 
cited above, the following results were obtained : 

A. White solid separated from ether and acetone—completely 
neutral, 12*5 g. 

B. “ Neutral 55 residue from ether, still containing a little soap, 

24 g. . ' 

C. Acidic glycerides recovered from alkali solutions : partly 
freed from monobasic (nonoic) acids produced in the oxidation by 
heating at 95—100°/2 mm. until the weight became constant. Not 
submitted to further oxidation, 66*4 g. 


B possessed an iodine number of 7*5 (original tallow, iodine 
number 41*2) and was reoxidised with 4 times its weight of powdered 
permanganate in acetone solution; the products were worked up 
by a combination of the methods described above, yielding 15*3 g. 
of neutral products (D) and 5*1 g. of acidic products (E). 

Thus there were obtained in all 27*8 g. of crude neutral glyceride 
(A and D) and 71*5 g. of acidic glyceride (C and E). 

The crude neutral glyceride (27*8 g,) was finally purified by 
boiling with dilute sodium carbonate solution and then repeatedly 
with water, the aqueous and alkaline liquors being then united as 
before and exhaustively extracted with ether. There was thus 
obtained a total proportion of 26*4% of fully saturated glycerides 
in the original tallow. 

The fully saturated glyceride—iodine number 0*8—gave on 
saponification a mixture of fatty acids the mean equivalent of which 
was 266*5, corresponding to 59*8% of palmitic and 40*2% of 
stearic acid. 

In another independent oxidation of mutton tallow, the fully 
saturated glycerides were 24-7% of the total fat—the fatty acids 
having a mean equivalent of 268*2. 

Cacao butter. Two similar oxidations of cacao butter were 
undertaken with the following results : 


Expt. I. Expt. II. Calc.* 


*3-s-Sf i88£r»*s^-~ 

Combined acidic products (free from mono¬ 
basic acids) ........ 

Mean saponification equivalent .. 

* On the basis of 5% and 1*5% of saturated 


22*1 24-7 

6*5 8*9 

4*8 4*8 

1*6 1*1 
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Cotton-seed oil . The final general results obtained so far are : 



Expt. I. 

Expt. II. 

Calc* 

Fully saturated glycerides .. 

Combined acidic products (free from mono- 

1*6 

1-5 


basic acids) ....... 

(80) f 

68*3 

73-4 

Mean saponification equivalent . 

Combined acidic products (solids insoluble in 

cold ethyl acetate) . 

Mean equivalent ... 

53*6 

137-6 

123*1 

123*2 


* On the basis of 5% and 1*5% of saturated glycerides respectively, 
f Not freed from nonoic acid. 


II. Oxidation of Glycerides with Concentrated Hydrogen Peroxide 
and Acetic Acid. —Neutral unsaturated fats are oxidised with 
much the same ease as the corresponding fatty acids or methyl 
esters when agitated at 40—80° with excess of concentrated hydrogen 
peroxide in moderately concentrated acetic acid solution. The 
products contain, however, not only glycerides of dihyclroxystearic 
acid, but also a considerable proportion of the latter in the mono- 
acetylated form. The presence of combined acetic acid in these 
compounds was apparent at an early stage of the investigations 
and, whilst at first it seemed possible that displacement of one or 
other higher fatty acid radical by that of acetic acid had occurred, 
we were able to satisfy ourselves that this took place, if at all, only 
to an insignificant extent, and that the quantitative data at our 
disposal definitely pointed to acetylation of one of the hydroxyl 
groups introduced. 

The conditions employed in earlier work by one of us (Hilditch, 
J., 1926, 1828) on the oxidation of methyl oleate or oleic acid by 
this reagent probably led to the presence of any monoacetyl 
derivatives of dihydroxystearic acid or its methyl ester being 
overlooked, and we hope shortly to return to the study of 
this action in its simpler applications in the light of the present 
results. 

In the meantime the presence of a considerable degree of acetyl¬ 
ation in the products from hydrogen peroxide oxidation of the 
neutral glycerides has unfortunately complicated matters seriously, 
since it is obviously very difficult (although apparently not impos¬ 
sible) to remove the acetyl residues without at the same time 
hydrolysing the glycerides themselves. It is possible to reduce 
the amount of acetylation to some extent by conducting the process 
in more dilute acetic acid and at as low a temperature as possible 
(40—60°), hut the oxidation then becomes very slow and is difficult 
to carry to completion even after several days. We consider at 
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present that the more promising procedure is to operate in con¬ 
centrated acetic acid solution at a fairly high temperature; the 
oxidation then proceeds rapidly to completion. A description will 
be given of preliminary results obtained in this way with cacao 
butter and mutton tallow. 

Cacao butter. Cacao butter (100 g.) was heated with glacial 
acetic acid (400 c.c.) in a wide-necked conical flask provided with 
a good mechanical stirrer and immersed in a water-bath main¬ 
tained at 75—80°. 35% Hydrogen peroxide solution (50 c.c.) was 
added, further additions of 25 c.c. of this solution being made after 
2 hours and after 5 hours from the commencement. After a total 
period of 9 hours at 75—80° with constant stirring, the product was 
cooled and poured into water. A large quantity of hard, tough 
solid separated and was removed, and the filtrate was made alkaline 
with excess of sodium carbonate solution and then extracted with 
ether several times. The solid cake was dissolved in the ethereal 
solution, and the whole washed with water. 

The residual fat from the washed ethereal extract was boiled in 
water with a slight excess of dilute sodium carbonate solution, 
settled, and separated from the aqueous layer by siphoning ofl the 
latter, and then washed similarly and repeatedly with boiling water 
until neutral. The aqueous and alkaline washings were united and 
re-extracted with ether. There were thus obtained 101*6 g. of 
neutral product (95*8 g. from the aqueous extraction, and 5*8 g. 
recovered by ether from the aqueous layers). 

All aqueous and alkaline liquors were methodically acidified and 
the higher fatty acids (4*3 g.) recovered. 

The neutral product (101*6 g.) had an iodine number of 1*6 and 
a saponification equivalent of 251*5 (calc, from the known com¬ 
position of the total fatty acids, 302*9 as dihydroxystearic deriva¬ 
tive, or 225*3 if the latter are in the monoacetylated form); it 
contained 3*0% of combined acetic acid (as CH 3 *CO). 

From the mean equivalent (251*5) of this product, it may be 
calculated that (a) assuming displacement of fatty acid by acetic 
acid in the glyceride itself, the fatty acids displaced should have 
amounted to 22*4 g. of the total product, with production of 86*8 g. 
of neutral product; ( b ) assuming acetylation of the dihydroxystearic 
radical produced, there should have been no production of free 
fatty acids and a yield of 108*5 g. of neutral product. 

The experimental data are thus strongly in favour of the latter 
hypothesis, the small amount of free fatty acid observed being 
accountable for by slight hydrolysis under the conditions of the 
reaction. % 
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The neutral product was resolved by repeated systematic frac¬ 
tional crystallisation from acetone into the following fractions: 

% of whole. Sap. eq. 


A. Least soluble; apparently homogeneous, hard, 

white, crystalline solid, m. p. 68—69° .. 22*5 293*4 

B. Sparingly soluble; hard and crystalline; gelatin¬ 

ises with acetone; m. p. 47° . 6 256*6 

C. Intermediate fraction; soft, granular mass, m. p. 

- 3S—42° (indef.) . 4 243*3 

B, From combined mother-liquors (except the first); 

soft, oily paste . 42*5 241*1 

E. Most soluble portion from first crystallisation; oily 25 231*7 


Dihydroxystearie acid (m. p. 95°) was present as glyceride in all 
these fractions, but a rigid method for its separate determination 
when mixed with palmitic and stearic acids is not yet available. 

The mixed acids (mean equivalent 284*5) from fraction A, how¬ 
ever, yielded by crystallisation from light petroleum 77% of the 
amount of this acid which would be required for the product derived 
from an original mono-oleic glyceride. This fraction apparently 
still contained traces of acetylated products. 

Fractions D and E contained considerable quantities of acetylated 
products [CH 3 *CO found : 3*45% (D) and 4*35% (E)]. 

These results indicate that the hydrogen peroxide treatment of 
unsaturated glycerides leads to a complicated mixture of products 
and that the method in its present stage of development is not 
adapted for quantitative work; nevertheless the above group of 
fractions affords confirmatory evidence of the general and to a large 
extent even distribution of oleic acid throughout the glycerides 
present in cacao butter. 

MvMon tallow ... Mutton tallow (100 g.) was oxidised in acetic 
acid with 35% hydrogen peroxide solution under exactly the same 
conditions as cacao butter. After 9 hours’ treatment at 75:—80° 
lie mixture was cooled, and the neutral portion of the product 
obtained free from acetic acid and traces of fatty acid. 

The neutral product (100*7 g.) had an iodine number of 1*6 and 
a saponification equivalent of 245*3; it contained 4*65% of acetic 
acid {oalculated as COSTCO). The yield of neutral product, together 
with its content of combined acetic acid, points, as in the previous 
case, to acetylation of one of the hydroxyl groups rather than to 
displacement of fatty acid residues by acetic acid in the glycerides 
, present. 

The product was similar in general appearance to that from 
cacao butter and was separable by crystallisation from acetone into 
a hard, white, sparingly soluble material and more soluble con- 
Quantitative resolution of the hydroxylated tallow by 
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tMs ^means is at present in progress and the results will forin part 
of a subsequent communication. 

We wish to acknowledge the assistance of Mr. G. Collin (who is 
also engaged in the investigation of palm-kernel oil by these methods) 
in connexion with one of the oxidations of cotton-seed oil referred 
to in this paper. 

The University, Liverpool. [Received, October 26th, 1927.] 


COCOX .—The Heat of Adsorption of Oxygen on 

Charcoal . 

By Angtjs Bitz Chab les Henderson Ward and Ebio Kbightley 

Rideal. 

Calobimetbic determinations of the heat evolution on adsorption 
of oxygen by charcoal have been made by Dewar (Proc. Boy . Soc., 
1904, A , 122, 1904), Blench and Gamer (J., 1924, 125, 1288), and 
Keyes and Marshall (J. Amer . Chem . Soc., 1927, 49, 156). In 
extending Warburg's work ( Biochem . Z ., 1924,145,461) on oxidation 
at charcoal surfaces, Rideal and Wright (J., 1925, 127, 1347) and 
Wright (this vol., p. 2323) showed that in a sugar charcoal three 
different types of surface could be distinguished and their relative 
areas determined by the method of selective poisoning. The most 
active area permits autoxidation when the charcoal is shaken with 
water containing dissolved air or oxygen. The reaction is of zero 
order, due to the escape of carbon dioxide from the active patches. 
It is natural to- suspect that the portions of the charcoal surface 
which, according to these observations, are readily autoxidisable 
would be those on which the energy change, as noted in the calori¬ 
metric experiments of Blench and Garner on adsorption of the gas, 
would likewise be greatest. 

Since charcoal is an extremely variable material, and different 
results are obtained from samples prepared in different ways, it 
seemed desirable to use several varieties and to attempt to correlate 
the heats of adsorption of oxygen with other properties of the 
charcoal. The determination of the heats of adsorption for four 
different charcoals is now described, together with the rate of 
autoxidation, the true densities, the apparent bulk densities, the 
adsorption of methylene-blue at 6*5, and the particle size. 

Experimental. ; j : 

The charcoals employed were: (I) Merck’s blood oharco^^ 
purified by digestion with hydrochloric acid and .aotiyatfidy ^p 
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heating in air for \ hour to dull redness; (2) Griffin’s sugar charcoal, 
reignited and washed; (3) “ supra-norite,” made from wood dry 
distilled at 700° and then activated by superheated steam; (4) 
potash sugar charcoal, prepared by charring lump sugar with 20% 
of potassium carbonate in a porcelain dish and extracting the mass 
with hydrochloric acid, and, after prolonged reflux washing with 
boiling water, activated by ignition in a silver crucible. We are 
indebted to Dr. C. G. L. Wolf for the last three charcoals. 

Determination of the Adsorption of Methylene-blue .—The adsorption 
isotherms of charcoal for various solutes vary greatly. With iodine 
or acetic acid, the amount adsorbed is proportional to the bulk 
concentration over a wide range; but phenol, quinine, and methyl¬ 
ene-blue reach adsorption maxima at low concentrations (Honig, 
KoU.-Chem. Beih., 1926, 22, 345). Kruyt, Pincussen, and Warburg 
have offered various objections to the use of methylene-blue, but 
Paneth and Radu (Ber., 1924, 57, 1221), from experiments on 
powdered diamond and charcoal, conclude that the saturation 
maximum is attained on covering the available surface with a 
unimolecular layer of the dye. Methylene-blue will, however, 
give no indication of the extent of the micro-pores owing to the size 
of the molecule; for example, active coconut charcoal readily 
adsorbs gases and acetone, but its methylene-blue adsorption is 
small. The adsorption of many dyes varies with the acidity of the 
solution, and all determinations were conducted at 6-5. A 
solution of methylene-blue containing 1 mg. per c.c. was added to 
0-1 g. of charcoal (more in the case of sugar charcoal) from a burette 
until it ceased to be completely decolorised on shaking and keeping 
for some whale. Further quantities of the dye were then added and 
the residual amounts in the solution were determined colorimetrically 
with the aid of a Klett biocolorimeter. The results, obtained on the 
assumptions of Paneth and Radu, that 1 mg. of dye will cover 
1 sq. m, of surface, are as follows : 


Charcoal. 

Areas (sq. m. per g.). 

Mean. 

(1) 

642, 644, 573, 630 

622 

<2) 

8*4 

7*5 

8*0 

(3) 

503 

546 

525 

(4) 

6*0 5*0 

5-5 


The ash contents of the dried charcoals, determined by the slow 
ignition of about 0*5 g. and heating the residue until of constant 
weight, were: 


Charcoal.... (I) (2) (3) 

Ash content, % .... 1*00 0-15 9-59 


(±) 

0-37 


The densities of the charcoals were determined by opening specimens 
of charcoal sealed in glass under water after prior exhaustion with a 
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diffusion pump for 5 hours, the charcoals having been heated at 
200° to 300° during the process of exhaustion. La such determin¬ 
ations there occurs a “ drift ” in the values obtained for the densities 
(Cude and Hulett, J. Amer. Chem. Soc., 1920, 42, 391), due to the 
gradual penetration of the liquid into the micro-pores. The values 
obtained after 15 minutes’ immersion are found to differ from the 
c ‘infinity” value by about one unit in the third decimal place. 
This period was accordingly adopted as convenient for these experi¬ 
ments. The apparent bulk densities, which gave an indication of 
the state of aggregation, were determined by weighing the amount 
of the powders necessary to fill a definite volume, the tubes being 
tapped to ensure uniformity of packing. The values obtained were 
reproducible. The charcoals were also examined for possible 
changes in the apparent bulk densities after the experiments on the 
adsorption of oxygen had been completed. The results obtained 
are in the following tables : 

Apparent bulk density 

y -—N 

Charcoal. True density. (before). (after). 

(1) 1-37 0-22 0-22 

(2) 1-42 0-58 0-58 

(3) 2-03 0*14 0*115 

(4) 1*43 0*30 0*32 

It will be noted that charcoal (3) is relatively unstable, in that the 
apparent bulk density undergoes a diminution during the process 
of exhaustion necessary for the determination of the heat of adsorp¬ 
tion of oxygen, although the charcoal did not lose weight to any 
measurable extent during evacuation. This charcoal has a true 
density of above 2-0, yet its bulk density is least, an indication that 
the ash of the charcoal probably gives a support to enable the 
charcoal to exist in a much more porous but unstable state. 

The rates of autoxidation of the charcoals were determined at 40° 
with the aid of a Barcroft differential shaking machine in the 
manner described by Bideal and Wright (J., 1925, 127, 1347), and 
are given for specimens of the charcoal both before and after the 
determination of the heats of adsorption of oxygen : 

Rate of autoxidation (in nun. 3 of 0 2 at N*T.P. per g. per hour at 40°). 

Before adsorption After adsorption 

Charcoal. experiments. Mean. experiments. Mean. 


a) 

232 

229 

230 

242 

244 

243 

(2) 

165 

159 

162 

196 

208 

202 

(3) 

64-8 

72*8 

69 

218 

209 

214 

(4) 

352 

364 

358 

316 

318 

317 


Again it will be noted that charcoal (3) is exceptional, in that the 
process of prolonged exhaustion necessary for the determination, 
of the heat of adsorption has caused a very considerable increase in 
the autoxidisable area. ..V. 
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The Determination of Particle Size .—The sizes of the charcoal 
particles were measured with the microscope and oil-immersion 
objective, with a scale in the eye-piece. This was standardised by 
comparison with blood corpuscles (7^ diameter). Charcoals (2), 
(3), and (4) were fairly homogeneous, but (1) varied considerably, 
the largest particles being seven or eight times the smallest. For 
(2), (3), and (4), the maximum variation in size was 3- or 4-fold. Char¬ 
coal (1) was made up of particles of very irregular shape, charcoals 
(2) and (4) were almost cubic or spherical, and in charcoal (3) one- 
third of its particles consisted of thin rods, with a length of five or 
six times the thickness. The diameter given below represents for 
this charcoal an average value of the different dimensions. The 


Fig. 1. 



mean diameters of the charcoals are as follows (average of measure¬ 
ments on a large number of particles): 


(1) 8*1^* (2) 5--gji; (3) 4*9[x; (4) 5-8^. 

iBrownian movements were easily observed in the ease of the smallest 
particles. 

* Determination of the Adsorption and Beats of Adsorption of Oxygen. 
—The oxygen was prepared by the electrolysis of a 10% solution of 
caustic soda, and passed over calcium chloride, solid potash, and 
phosphoric anhydride; in order to remove any hydrogen present 
the gas was then passed over palladium-asbestos, and again dried 
by phosphoric anhydride. The oxygen was introduced into the 
measuring burette A (Fig. 1), which was enclosed in a water jacket 
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kept at uniform temperature by a fine stream of air bubbles being 
driven through it. 

In an experiment, the taps T 2 and T 3 were kept open, and a 
measured quantity of the gas was delivered into the vessel B by way 
of the three-way tap T 4 . This was a hollow-barrel tap by which 
B could be put into communication with either the burette or the 
high-vacuum pumps (a Langmuir pattern mercury-vapour diffusion 
pump, backed by a Hyvac pump). The vacuum kept the barrel 
well pressed down all the time. By raising the level of the mercury 
in B to the mark C, the gas could be driven over via the tap T 6 and 
the spirals of capillary tubing E (kept in melting ice) into the 
adsorption vessel G. This was made of Pyrex glass and connected 
to the rest of the apparatus by a ground joint. Inside G was placed 
a thin rod of Pyrex with several discs on it, to keep the charcoal 
from being pressed down too tightly. The possible poisoning of the 
charcoal by mercury vapour was prevented by a small tube con¬ 
taining gold foil (H in the figure). The pressure of the oxygen was 
measured on the tube and scale D. 

For the measurement of the heat of adsorption, the Bunsen ice 
calorimeter was used, as described by Schuller and Wartha (Wied. 
Ann., 1877, 1, 359). Instead, however, of their method of weighing 
the mercury which moved along the capillary tube, it was found 
sufficiently accurate, and much quicker, to measure the distance 
that the mercury meniscus moved along the tube by means of a 
scale behind. The inner tube of the calorimeter was about half 
filled with mercury to ensure good contact with the source of heat 
placed inside it. The calibration of the instrument was effected by 
introducing weighed amounts of various metals at known temper¬ 
atures and with known specific heats, and the movement of the 
mercury along the scale was observed. After various methods of 
freezing a sheath of ice round the central tube had been tried, it 
was found that the most convenient method was to push down the 
centre an iron rod which had been cooled in liquid air. The mercury 
caused uniform cooling, and the ice sheath was regular. 

Since the water inside the calorimeter is under a slight pressure 
due to the column of mercury, Lamb and Coolidge ( J . Amer, Ghent* 
Soc 1920, 42,1146) put a couple of drops of alcohol in the water 
of the surrounding vessel to depress its freezing point by the same 
amount and prevent the gradual movement of the mercury meniscus 
due to the slow melting of the ice sheath. In these experiments 
it was found that this effect was altogether masked by the impurity 
of the ice in the outer jacket, which was at a slightly lower tern- f 
perature than 0°, and caused a slow freezing inside. This 
decreased by first washing the ice in distilled water, but 
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be got rid of entirely; this, however, proved to be no disadvantage, 
for by the method adopted readings could be taken more quickly 
when there was a slight outward movement of the mercury. 

At the beginning of an experiment, a weighed quantity of charcoal 
was placed in the adsorption vessel, and baked for 2 or 3 days at 
about 420° until the pressure decreased to about 10“ 5 mm. At the 
beginning of the evacuation there was always a danger of some of 
the charcoal being carried away owing to the rapidity of evolution 
of gas. To prevent this a small wad of cotton wool was placed in 
the tube leading out of the adsorption vessel. 

When the pressure was sufficiently low, the tap T 5 was closed, 
and the McLeod gauge shut off from the rest of the apparatus. The 
ice calorimeter was then placed under the adsorption vessel and 
raised into position. After equilibrium had been reached (about 
2 hours), a small amount of gas was transferred from the burette 
A into B, and then driven into the vessel C. The pressure of the 
oxygen, as measured on the scale D, gradually decreased as more of 
the gas was adsorbed, and at the end of about J hour had reached its 
final value. More gas was then transferred from the burette, and 
the procedure repeated. At each reading of the pressure or volume, 
the temperature of the air in the neighbourhood of the apparatus 
and that of the water jacket round the burette were observed. 

The volume of the adsorption vessel and the tubes leading to it, 
as far as the mark C, had previously been determined by letting in 
various known amounts of gas and measuring the pressure. In an 
actual adsorption experiment, part of the volume of the system is 
at room temperature, and part at 0°. The volume of the part at 
room temperature was found by measuring the lengths and internal 
diameters of the various tubes that made it up, and by subtracting 
this from the total volume, the volume of the part at 0° was found. 
The relative amounts of these two volumes need not be known so 
accurately as the total volume, as the error due to this is not so 
great. 

The amount of gas adsorbed was determined as follows. 

Let v x = volume of system at room temperature; v % = volume 
of system at 0° (allowance must be made here for the volume actually 
occupied by the charcoal); P = atmospheric pressure; p = 
pressure of gas in the system; t = room temperature; T = tem¬ 
perature of burette; and V = volume of gas from burette. Then 
if the volume of V corrected to N.T.P. is F', 

. F = 273FP/760(273 + T). 

If the volume of gas which fills v 1 becomes i\' when reduced to 

Jp:, then 
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v 2 similarly defined would then be given by v 2 ' = pvj 760, and the 
amount of gas adsorbed (in c.c. at N.T.P.) would be V' — (vy + 
v 2 r ). From this the amount adsorbed per g. is easily found. The 
results obtained with the various charcoals are given graphically, 
the amount of oxygen adsorbed being plotted against the pressure. 

With the calorimeter in position scale readings were taken at 
frequent intervals and plotted against time on as large a scale as 
possible. In the intervals between the liberations of heat, parallel 
straight lines were obtained, but when the gas was let in there was 
a resulting inflexion in the curve, which again became straight when 
equilibrium was reached. The distance between the lines, measured 
parallel to the axis of scale readings, was proportional to the heat 
evolved. With the capillary tube used, the sensitivity of the 
instrument was about 0*5 cal. per mm. of the scale. The sensitivity 
of the calorimeter depends, of course, on the diameter of the capillary 
tube, but it is not convenient to use capillary tubes narrower than 
this, as the mercury sticks and makes accurate reading difficult. 

By this means the evolution of heat was found for each small 
addition of gas, and after summing these, a curve was plotted for the 
total amount of heat liberated against the total amount of gas 
adsorbed at different pressures (integral heat of adsorption). The 
slope of the tangent to the curve at any point gave the differential 
heat of adsorption in cals, per c.c. or cals, per g.-mol. according to 
the scale used. These values were then plotted against the amount 
of gas adsorbed. 

Results . 

Table I is an example of the experimental results [for the charcoal 
(1)]. For the other charcoals similar results were obtained, but 
these are only shown graphically. 

Table I. 

Sum of Sum of 




Press. 

C.c. 0® 

differential 


Press. 

C.c. Oo 

differential 



of O s 

adsorbed heats (cals. 


of 0 2 

adsorbed heats (cals. 

Expt. 


(cm.). 

perg. 

per g.). 

Expt. 

(cm.). 

per g. 

per g.). 



f 11*20 

2*35 

0*96 


f 10*85 

2*38 

1*20 

(1)1 

- 

26*10 

5*28 

1*53 


23*85 

5*06 

1*66 



[40*75 

8*05 

2*30 

(1)3 - 

35*47 

7*37 

2*14 



f 13*20 

2*90 

1*62 


50*80 

10*37 

2*64 



20*50 

4*38 

1*97 


1 62*70 

12*42 

3*11 

(1)2 


38*48 

8*02 

2*74 


f 1*52 

0*28 

0*48 



49*21 

10*05 

3*30 


3*15 

0*65 

0*71 



[71*71 

14*08 

4*03 


8*00 

1*77 

1*01 


f 1*00 

0*21 

0*38 

(1) * * 

20*53 

4*54 

1*39 

(1) 3 

\ 3*30 

0*72 

0*76 


55*40 

11*22 

2*54 


{ 5*87 

1*38 

0*92 

■ 

70*30 

13*82 

3*07 


The amounts of oxygen adsorbed at different pressures 
shown on the adsorption isotherms (Fig. 2). For any partiei^g 
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charcoal, the figures found in the different runs fall very closely on 
the same curve. There is not much difference in the curves for the 
different charcoals, (2), (3), and (4) being almost identical, and (1) 
slightly greater. The isotherms, although not quite straight lines, 
are nevertheless very far from the shape to be expected if the 
adsorption maximum were almost reached. They are very nearly 


Fig, 2. 



linear at the beg inning of the curve, when the amount adsorbed is 
almost directly proportional to the pressure. Just by the origin, 
however, there is a slight divergence from this, especially noticeable 
for the charcoal (4). The curve, which is nearly straight down to 
about 4 cm., bends downwards and becomes slightly concave to the 
pressure axis; i.e., at low pressures the charcoal adsorbs rather more 
oxygen for a given pressure increase than at higher concentrations. 
This effect occurs also with (2) and (3) although to a less extent, : 
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ADSORPTION OF OXYGEN ON CHARCOAL. 

More marked differences in behaviour between the charcoals are 
found when the heat of adsorption of oxygen (in cals, per g.-mol.; 
mean of several experiments) is plotted against the amount adsorbed, 
Fig. ,3. For one charcoal, the agreement in this case between 
different runs is not nearly so good as for the adsorption isotherm. 
This is not due to inaccuracies of measurement, for the divergencies 
obtained are much greater than the possible error of the ice calori- 


Fig. 3. 



meter. The charcoal surface must have been altered in some way 
during the out-gassing between runs. As far as possible, the same 
temperature was used in all cases, but owing to difficulties of control, 
an error of 10° in the regulation was not impossible; jnoreover, 
owing to various circumstances, the out-gassing was continued for 
different times (1, 2, or 3 days). 

The first noteworthy point about the heat evolution curves is the 
initial steep part, owing to the relatively high heat of adsorptio%^ 
for the first amount of oxygen adsorbed. On account of 
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capacity of the calorimeter system it was found impracticable to 
work with more than 1*5 g. of charcoal; in addition, the sensitivity 
was such that accurate measurements both of the amounts of oxygen 
adsorbed and of the corresponding thermal evolution could not be 
conducted on less than 0*15 c.c. adsorbed per g. With these quanti¬ 
ties, the ascending portions of the Q,x curve noted by Garner would 
not be obtained, but the relatively high heats of adsorption for the 
initial steep portions of the curve could be accurately determined. 
In the graphs, the straight portions of the curve indicate uniformity 
of properties and a constant heat of adsorption, but the portions 
near the origin correspond to the areas of the charcoal more active 
in adsorption. From a determination of the area covered by this 
amount of oxygen, the area of the active patches can readily be 
found. The volumes of oxygen adsorbed with an increased heat 
evolution are approximately as follows : 

Charcoal. (1) (2) (3) (4) 

C.c. strongly adsorbed (per g. at N>T.P.) ,1*0 0*6 0*6 1*3 

Taking the radius of the oxygen molecule as 1*81 A. (Jeans, ;c Dyna¬ 
mical Theory of Gases ”), we obtain for the respective areas 

(1) 2-78 m. 2 ; (2) 1*67 m. 2 ; (3) 1-67 m. 2 ; (4) 3-62 m*. 

These areas vary in the same order as do the rates of autoxidation 
of the charcoals. Neglecting charcoal (3), which we have noted 
as being extremely variable in nature and possessing a very high 
initial heat of adsorption for oxygen, we obtain the following ratios 
between the areas of the active portions and the rates of autoxidation. 

(1) 2*78/230 = 0*0121; (2) 1*67/162 = 0-0103; 

(4) 3*62/358 = 0*0101. 


This agreement is as satisfactory as could be expected in view of 
the inaccuracies in estimating the areas of the patches with high 
heats of adsorption. A further comparison may be made with the 
data on selective poisoning furnished by the experiments of Rideal 


and, Wright (foe. ciL). In their experiments, it was found that 
poisoning of the autoxidation of a charcoal, which consumed oxygen 
at the rate of 0-013 mm. 3 per mg. per hour at 40°, was effected on 
adsorption of 2*38 x 10 15 molecules of amyl alcohol per mg. 

With this value, and since poisoning of autoxidation appears to 
be a linear function of the amount adsorbed, it is possible to calculate 
the number of molecules of amyl alcohol which would be necessary 
to poison these much more active charcoals, and to compare these 
values, derived frojh entirely different charcoals and by a different 
method, with the quantities of oxygen adsorbed on the active areas. 



data are in the following table : 
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Char¬ 

Rate of 
autoxidation 
(mm. 8 per g. 
per hr. at 

No. molecules 
amyl alcohol 
(X 10~ 19 ) per g. 
required to 

C.c. of 0 2 
adsorbed per 
g. with high 
heat of 

Equiv. no. 
of molecules 
(X 10- 1 ®) 
adsorbed 

Ratio, 
Col. 3 

coal. 

40°). 

poison. 

adsorption. 

per g. 

Col. 5' 

(1) 

230 

4*22 

1*0 

2-70 

1*56 

(2) 

162 

2*96 

0*6 

1*62 

1-83 

(3) 

67 

1*22 

0*6 

1*62 

0-75 

(4) 

358 

6*56 

1*3 

3*62 

1 *SG 


On comparison of the data in cols. 3 and 5 for the charcoals (1), (2), 
and (4), it is clear that the method of poisoning with amyl alcohol 
and the thermal method for oxygen adsorption yield results for the 
extent of the antoxidisable areas of charcoals in close agreement 
with one another. It cannot, of course, be definitely stated that all 
the oxygen molecules adsorbed with a heat evolution in excess 
of the normal relate to the autoxidisable portion, or that the ratios 
in col. 6 bear any relationship to the relative covering powers of 
amyl alcohol and oxygen molecules on the charcoal surfaces, for 
there is no reason to suppose that the selectiveness of the adsorptions 
on the active portions of the charcoal surfaces is identical for each 
material. It is interesting to note that these ratios are consistent 
for the three stable charcoals when it is assumed that all the 
oxygen adsorbed with a high heat evolution is autoxidisable; if the 
assumption is restricted to the quantity of oxygen adsorbed with 
heat evolutions exceeding 10,000 (or 20,000) cals. 1 per g.-mol., 
then the ratio between this quantity and the rate of autoxidation 
shows rapidlyincreasing discrepancies between the different charcoals. 

Finally, Keyes and Marshall supposed that the high initial heat 
corresponded to the first unimolecular layer, and that the lower 
subsequent heats were due to the building up of thicker films of 
adsorbed oxygen, but as a result of our work their view seems 
improbable for the following reasons : The fact that the adsorption 
isotherm is nearly a straight line means that the charcoal is not 
nearly saturated; and also, to take the case of charcoal (1) which 
is most adsorbent, even at atmospheric pressure the oxygen only 
covers 1 /50 of the methylene-blue area, and, on account of the large 
size of the molecule of the dye, this is a considerable under-estimate 
of the total area available for the oxygen. 


Summary. 

1. Experiments have been conducted on four different types of 
charcoal and the following properties investigated : the adsorption 
of oxygen and the heat of adsorption, the rate of autoxidation, the 
area of methylene-blue adsorption, the ash content, the true and 
the apparent bulk densities, and the particle size. 

2. The high initial heats of adsorption have been determined 
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the areas of the corresponding active patches have been found to be 
proportional to the rates of autoxidation of the charcoals. 

3. The covering power of oxygen has been compared with that of 
amyl alcohol and shown to be of the same order and to have a con¬ 
stant ratio for all charcoals. 

4. In the case of a charcoal with a high ash content, an instability 
of the carbon surface and a very high initial heat of adsorption for 
oxygen were found. 

Our tha nks are given to Jesus College for the provision of a 
Scholarship, and to the Department of Scientific and Industrial 
Research for a research grant to one of us (A. F. H. W.) which 
permitted this investigation to be carried out. 

Laboratory of Physical Chemistry, 

Cambridge. [j Received, November 3 rd, 1927.] 


CCCCXL —The Condensation of Glyoxalines with 
Formaldehyde . 

By Robert Grindley and Frank Lee Pyman. 


Few examples of the condensation of glyoxalines with aldehydes 
have been studied hitherto. Windaus (Ber. s 1909, 42, 758) has 
shown that the condensation product of 4(5)-methylglyoxaline and 
formaldehyde is 4(5)-methyl-5(4)-hydroxymethylglyoxaline, since it 
gave 4:5-dimethylglyoxaline on reduction, and Ewins (J., 1911, 
99, 2052) isolated the condensation product in a yield of 43%. 
Chloral also substitutes 4(5)-methylglyoxaline in the 5(4)-position 
(Gemgross, Ber., 1912, 45, 509), whilst both histidine (Wellisch, 
Biochem. Z 1913, 49, 173) and histamine (Frankel and Zeimer, 
ibid,, 1920, 110, 234) yield dicyclic compounds on condensation 
with methylal and hydrochloric acid, the glyoxaline ring being here 
also substituted in the 5(4)-position. On the other hand, 5-chloro- 
l-methylglyoxaline condenses with formaldehyde to give 5-chloro- 


l-methyl-2-hydroxymethylglyoxaline in good yield (Sarasin, Helv. 
Ghm. Acta, 1923, 6, 3771924, 7, 713; Sonn, Hotes, and Sieg, 
Ber., 1924,57,953,2134) and 5-bromo-l-methylglyoxaline similarly 
yields a 2-hydroxymethyl derivative (Balahan and Pyman, J., 1924, 
125, 1564). Sonn, Hotes, and Sieg (be. cit.) have also stated, 
without giving experimental details, that 1-methylglyoxaline con¬ 
denses with formaldehyde mainly in the 2-position, and that 
4:5-dihromo-l-methylglyoxaline does not condense with form- 



. It would thus appear from previous work that gly- 
with a free imino-group give 4(5)-hydroxymethyl deriy- 
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atives, and N -methylated glyoxalines give 2-hydroxymethyl deriv¬ 
atives, whilst the accumulation of acidic groups in the molecule, as 
in 4: 5-dibromo-l-methylglyoxaline, prevents condensation. The 
present investigation was carried out with the object of amplifying 
the experimental material, and the results are in harmony with the 
conclusions s um marised above, except that it has been shown that 
an ^-methylated glyoxaline may yield a 5-hydroxymethyl deriv¬ 
ative. The ready condensation of 5-chloro-l-methylglyoxaline with 
formaldehyde reported by previous investigators (supra) was con¬ 
firmed, and in our hands the yield of 5-chloro-1-methyl-2-hydroxy- 
methylglyoxaline was 89%, but attempts to condense the isomeric 
4-chloro-l-methylglyoxaline with formaldehyde under similar 
conditions were unsuccessful, 4-chloro-l-methylglyoxaline being 
recovered unchanged to the extent of 60%. As an example of an 
unmethylated 4(5)-halogen-substituted glyoxaline, 4(5)-bromo- 
glyoxaline was available and this was found to give a poor yield of 
4(5)-bromo-5(4z)-hydroxymethylglyoxaline (I) together with some 
unchanged base and much amorphous material. The constitution 
of the product (I) was established through its reduction by hydriodic 
acid and phosphorus to 4(5)-methylglyoxaline (II). 


HO-CH 2 *C-NH^ rTT 

CBr-N >CH 


Next, the effect of the more strongly polar nitro-group was 
examined, and the condensation of 4(5)-nitroglyoxaline and its two 
isomeric A-methyl derivatives with formaldehyde was attempted ; 
4(5)-nitroglyoxaline and 4-nitro-l-methylglyoxaline were then 
recovered unchanged to the extent of more than 90%. 5-Nitro- 
1-methylglyoxaline was recovered unchanged to the extent of 68% 
only, this indicating that some condensation had taken place, 
although the presumed condensation product could not be isolated 
in a pure state. The condensation of the two A-methyl derivatives 
of 4(5)-methylglyoxaline was then studied. 1:4-Dimethylgly- 
oxaline condensed with formaldehyde, giving a 44% yield of 
1 : 4:-di7rwthyl~5-hydroxymethylglyomli7ie (III), the constitution of 
this product being proved through its reduction by hydriodic acid 
and phosphorus to the 1:4: 5-trimethylglyoxaline (IV) previously 
made by Jowett (J., 1905, 87, 405) by the methylation of 4 :5-di- 
methylglyoxaline. 


(in.) (iv.) (V.) , 

In earlier attempts to orient the base (III), 4(5)-methyl*S|^j 
hydroxymethylglyoxaline was methylated, a mixture 


OMe-NMi 
CMe—I 


*> oh ho.ch,S 
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with the isomeric 1 :5-dimethyl-4-hydroxymethylglyoxaline (V) 
being expected. The only methylation product isolated in a pure 
state was not identical, but isomeric, with (III) and is consequently 
1 : o-dimethylA-hydroxymeihylglyoxaline (V). The condensation of 
1 : 5-dimethylglyoxaline with formaldehyde, however, did not give 
rise to this product but to an isomeride, which must consequently 
be 1: 5-dimethyl-2-hydroxymethylglyoxaline (VI). Its constitution was 
confirmed by reduction, a trimethylglyoxaline being thus obtained 
which was not identical with 1:4:5-trimethylglyoxaline, and must 
consequently be 1:2 : 54rimeihylglyoxaline (VII). 

(VI.) pM e -NMe >c .CH 2 -QH —* n^ e ™>CMe (VII.) 

The condensation of 1-methylglyoxaline with formaldehyde gave 
1 -methyl-2-hydroxymethylghjoxalim (VIII) as stated by Sonn, Hotes, 
and Sieg (he. cit.), the yield being more than 60%. The constitution 
of this base was established through its reduction to I : 2-dimethyl- 
glyoxaline (IX). 

<vm.) ^^>C-CH 2 OH —> |^™>CMe (IX.) 

Finally, the condensation of glyoxaline with formaldehyde was 
studied, but no crystalline products could be isolated. 

Experimental. 

Condemation of Glyoxalines with Formaldehyde. —The general 
method of procedure was as follows : The glyoxaline base and 
40% aqueous formaldehyde (abbreviated below to formaldehyde) 
were enclosed in a sealed tube or pressure bottle and heated in an 
oil-bath. Except in the cases of 4(5)-nitroglyoxaline and 4-nitro- 
1 -methylglyoxaline, the products were worked up by adding picric 
acid (I mol.) in hot aqueous solution; as a rule, resinous picrates 
then separated first, followed by the crystalline picrates of the 
hydroxymethyl compound and of the unchanged glyoxaline in this 
order. The identity of the material recovered unchanged was 
established in each case by the mixed m. p. method. 

4(5)-Nitroglyoxaline and Formaldehyde. — {a) 4(5)-Nitroglyoxaline 
(7*0 g.) and formaldehyde (10 c.c.; 2*3 mols.) were heated for 3 hours 
at 125°. The base was then mainly undissolved, and after washing 
with water and crystallisation from glacial acetic acid, 6*83 g. of 
unchanged 4(5)-nitroglyoxaline, m. p. 311—312° (corr.), werb 
recovered; yield, 97*6%. 

(6) 4(5)-Nitroglyoxaline (2*0 g.) and formaldehyde (2*8 c.c.; 
2*2 mols.), heated for 6 hours at 150°, gave 1*92 g. of recovered 
4(5)^trogIyoxaline, m. p. 310—312° (corr.); yield, 96*0%. 
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4-Nitro-l-methylglyoxaline and Formaldehyde. —4-Nitro-l-methyl¬ 
glyoxaline (1*08 g.) and formaldehyde (1*9 c.c,; 3 mols.) were 
heated for 5 hours at 135°. The base was then mainly undissolved, 
and after crystallisation from water 0*98 g. of unchanged 4-nitro- 
1-methylglyoxaline, m. p. 134° (corr.), was recovered; yield, 90*8%, 

5 - Nitro -1 - methylglyoxaline and Formaldehyde. — (a) 5-Nitro- 
1-methylglyoxaline (0*65 g.) and formaldehyde (1*6 c.c.; 4 mols.) 
were heated for 5 hours at 125°. The product gave with hot 
aqueous picric acid, first resinous picrates, then crude 5-nitro- 
1-methylglyoxaline picrate. This was recrystallised from water, 
0*64 g., m. p. 151—152°, and 0*60 g., m. p. 149—151°, being obtained; 
yield, 68*1%. 

(b) A similar result was obtained on heating the reactants for 
6 hours at 130°, 5-nitro-l-methylglyoxaline picrate being recovered 
in 52% yield together with a resinous picrate. In both cases, the 
base and hydrochloride prepared from the resinous picrate failed to 
crystallise. 

4(5)-j Bromoglyoxaline and Formaldehyde .—This condensation was 
carried out under various conditions as shown below, and the 
products were worked up as picrates. The fourth column gives 
the yield (a) of 4(5)-bromo-5(4)-hydroxymethylglyoxaline isolated 
as pure picrate, and the fifth the yield ( b) of 4(5)-bromoglyoxaline 
recovered as pure picrate. Considerable quantities of resinous 
picrates were also obtained. 

Mols. CH 2 0 Duration of 


used. 

heating (hrs.). 

Temp. 

a, %■ 

b, % 

2*5 

2 

110° 

Nil 

98*1 

3 

1 

150 

9> 

53*7 

1*5 

2 

150 


42*7 

3 

3 

150 

8*8 

30*0 

3 

4 

150 

9*3 

35*2 

3 

5 

150 

10*4 

10*6 

3 

8 

150 

0*3 

Nil 

3 

3£ 

160 

1*5 

3*8 


4;(5)-Bromo-5(4c)-hydraxymethylglyoxaline (I) crystallises from 
alcohol in colourless plates, m. p. 116—117° (corr.), which contain 
|H 2 0 (Found, in air-dried base : loss at 80°, 5*3. C 4 H 5 0N 2 Br,|H 2 0 
requires H 2 0, 4*8%. Found in dried base : C, 26*9; H, 3*0. 
C 4 H 5 ON 2 Br requires C, 27*1; H, 2*8%). It is sparingly soluble in 
cold waterj readily soluble in alcohol, acetone, or chloroform, but 
insoluble in ether or benzene. The hydrochloride crystallises from 
alcohol in colourless prisms, m. p. 157° (corr.; efi.) [Found in 
salt dried at 100° (loss 0*8%): C, 22*5; H, 2*8. C 4 H 5 ON 2 Br,HCl 
requires C, 22*5; H, 2*8%]. It is very easily soluble in water, 
and easily soluble in hot alcohol or concentrated hydrochloric acid# : 

The picrate crystallises from water in yellow,lustrous, '-serj^^i 
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needles, containing ITLfi, which is lost at 95° but not in a vacuum 
over sulphuric acid at the ordinary temperature. The dried salt 
has m. p. 180° (corr.). It is sparingly soluble in cold water, but 
readily soluble in hot water, alcohol, or acetone (Found in air-dried 
salt: loss at 95°, 4*5. C 4 H 5 0N 2 Br,C 6 H 3 0 7 N 8 ,H 2 0 requires H 2 0, 
4*3%. Found in dried salt: C, 29-3; H, 2*2. C 4 H 5 0N 2 Br,C 6 H 3 0 7 N 3 
requires C, 29*6; H, 2*0%). 

j Reduction. 4(5) - Bromo - 5(4) - hydroxymethylglyoxaline hydro - 
chloride (0*45 g.), hydriodic acid (1*9 c.c.; d 1*7), and red phosphorus 
(0*13 g.) were heated in a sealed tube for 5-| hours at 160°. The 
product was diluted with water, filtered, and extracted with chloro¬ 
form whilst acid to remove impurities. The aqueous solution was 
then concentrated, saturated with potassium carbonate, and 
extracted first with chloroform, then with ether. The extracts 
were converted into picrates, and gave 0*55 g. of 4(5)-methyl- 
glyoxaline picrate, m. p. 159—160° (corr.), alone or mixed with a 
known specimen; yield, 83*9%. 

4 - Chloro -1 - methylglyoxaline and Formaldehyde .—4 - Chloro - 
1 -methylglyoxaline (1*77 g.) and formaldehyde (5*5 c.c.; 4*8 mols.) 
were heated for 4 hours at 130°, and the product was converted 
into picrates; 3*16 g. of 4-chloro-l-methylglyoxaline picrate, 
m. p. 166°, were obtained (yield, 60*2%) together with a resinous 
picrate. The base and hydrochloride from the latter failed to 
crystallise. 

5 - Chloro -1 - methylglyoxaline and Formaldehyde ,—5 - Chloro - 
1-methylglyoxaline (1*08 g.) and formaldehyde (2*4 c.c.; 3*5 mols.), 
heated for 8 hours at 135—140°, gave 5 - chloro -1 -methyl-2-hy dr oxy- 
methylglyoxaline, isolated as picrate, m. p. 151° (corr.), in 89% 
yield. Sarasin (loc. cit .) and Sonn, Hotes, and Sieg ( loc . oil.) record 
yields of 95 and 80% respectively. 

1: k-Dimethylglyoxaline and Formaldehyde .—1: 4-Dimethylgly- 
ox&line (10-6 g.) and formaldehyde (22*3 c.c.; 3 mols.) were heated 
for 6 hours at 125°, and the product was converted into picrates 
and crystallised fractionally from water and methyl alcohol; 
17-5 g. of pure I:4-dimethyl-5-hydroxymethylglyoxaline picrate 
(yield, 44*6%) were obtained together with 1*43 g. of pure 1: 4-di- 
methylglyoxaiine picrate (yield, 4*0%). 

1: A-Dimethyl-&-hy<ko%^ (III) crystallises from 

absolute alcohol in small, colourless prisms, m. p. 126—127° (corr.) 
(Found : C, 57*0; H, 8-0; IT, 22*0. C e H 10 ON 2 requires C, 57*1; 
H, 7*9; IT, 22*2%). It is very readily soluble in water or alcohol, 
readily soluble in chloroform, but very sparingly soluble in ether. 

The hydrochloride crystallises from concentrated hydrochloric acid 
in colourless plates, m. p. 145 0 (corr.), which are very hygroscopic. 
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The hydrogen oxalate crystallises from absolute alcohol in colour¬ 
less prisms, m. p. 106—107° (corr.) (Found: C, 44*6; H, 5*6. 
C 6 H 10 QN 2 ,C 2 H 2 O 4 requires 0, 44*4; H, 5*6%). It is very readily 
soluble in water, less soluble in cold alcohol. 

The 'picrate crystallises from water in yellow prisms, m. p. 167— 
168° (corr.), which suffer no loss at 110°. It is sparingly soluble in 
cold water, alcohol, or acetone, but readily soluble in the hot solvents. 
Attempts to estimate carbon and hydrogen in this salt were frus¬ 
trated by explosions. 

Reduction . 1 : 4-Dimethyl-5-hydroxymethylglyoxaline (0*63 g.), 

hydriodic acid (1*5 c.c.; d 1*7), and red phosphorus (0*082 g.) were 
heated in a sealed tube for 6 hours at 160°. The product was 
diluted with water, filtered, made strongly alkaline with sodium 
hydroxide, and extracted with chloroform and ether. The extracts 
were converted into picrates and gave 1:4: 5-trimethylglyoxaline 
picrate in 79% yield (1*26 g., m. p. 218—219°, + 0*08 g., m. p. 215— 
216°). This salt was identified by the mixed m. p. method, with 
the help of a specimen of 1:4:5-trimethylglyoxaline picrate, 
m. p. 218°, prepared by Jowett (J., 1905, 87 , 405) for which we 
are indebted to the Wellcome Chemical Research Laboratories. 
The salt was also analysed (Found: C, 42*7; H, 3*9. Calc.: 
C, 42*9; H, 3*8%), and from it the base was prepared. This was 
not completely purified (it had m. p. 39—40°; Jowett gives 46°), 
but was converted into the chloroaurate. This had m. p. 201° 
(corr.) (Jowett gives 202°) (Found: Au, 43*6. Calc.: Au, 43*8%). 

1:5 -Dimethylglyoxaline and Formaldehyde .—1 : 5-Dimethylgly¬ 
oxaline (1*4 g.) and formaldehyde (4*9 c.c.; 4*5 mols.) were heated 
for 6 hours at 130° and the product was converted into picrates, 
1*75 g. of pure 1:5-dimethyl-2-hydroxymethylglyoxaline picrate 
(yield, 33*8%) and 2*06 g. of 1 :5-dimethylglyoxaline picrate, 
m. p. 163—164° (yield, 43*5%), being isolated. Under milder 
conditions (4 hours at 115—120°) no condensation product was 
isolated, but 1 :5-dimethylglyoxaline was recovered as picrate in 
83% yield. 


I; 5-Dimethyl-2-hydroxymethylglyoxaline (VI) crystallises from 
absolute methyl alcohol in colourless, hexagonal plates, m. p. 
126—127° (corr.) (Found in air-dried base: loss at 110°, 4*1, 
C 6 H 1 c ON 2 ,£H^O requires H a O, 6*7%. Found in dried base: 
C, 57*4; H, 7-9. CeH 10 ON 2 requires C, 57-1; H, 7*9%)V It is 
very readily soluble in water, readily soluble in methyl or ethyl 
alcohol or chloroform, but very sparingly soluble in ether. A 


mixture of approximately equal parts of this base and T : 4~di* 
methyl-5-hydroxymethylglyoxaline, which also melts at 126— 
had m. p. 76—80°. # v.v, ;; 
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The picrate crystallises from water in small, yellow, anhydrous 
prisms, m. p, 174° (corr.) (Found: C, 40*7; H, 3*9; N, 19*6. 
C 6 H 10 ON 2 ,C 6 H 3 O 7 N 3 requires C, 40*6; H, 3*7; N, 19*7%). It is 
sparingly soluble in cold water or alcohol. 

Reduction . 1 : 5-Dimethyl-2-hydroxymethylglyoxaline (0*39 g.), 

hydbriodic acid (0*9 c.c.; d 1*7), and red phosphorus (0*051 g.) were 
heated in a sealed tube for 6 hours at 160°. After dilution, filtra¬ 
tion, and extraction with chloroform to remove impurities, the liquor 
was saturated with potassium carbonate and extracted with chloro¬ 
form, which took up a brown mobile oil (0*37 g.) having a faint 
pyridine-like odour. This was converted into picrate; 1:2: 5-tri- 
methylglyoxaline picrate (0*97 g.; m. p. 204°; yield 92*2%) was 
then obtained. 

1:2: 5-Trimethylglyoxaline picrate (VII) crystallises from water 
in long, pale yellow, lustrous, anhydrous needles, m. p. 208—209° 
(corr.) (Found: C, 42*6; H, 4*0; N, 20*7. C 6 H 10 N 2 ,C 6 H 3 O 7 N 3 
requires C, 42*5; H, 3*8; N, 20*6%). It is sparingly soluble in cold 
water or alcohol. A mixture of approximately equal parts of this 
salt with 1:4:5-trimethylglyoxaline picrate (m. p. 218°) had 
m. p. 194—195°. The base prepared from the pure picrate did not 
crystallise, and was converted into the chloroaurate , which crystal¬ 
lised from dilute hydrochloric acid in orange-yellow, anhydrous 
plates, m. p. 186—187° (corr.) (Found : Au, 43*6. C 6 H 10 N 2 ,HAuC 1 4 
requires Au, 43*8%). 

Methylation of 4(5 )-Methyl-5(4:)~hydroxymethylglyoxalim .—At¬ 
tempts to methylate this base by heating with either methyl iodide 
or methyl sulphate failed, for no crystalline substance other than a 
small proportion of the unchanged material could be isolated (as 
picrate) from the reaction product, but methylation with methyl 
sulphate and aqueous sodium hydroxide was more successful, 

4(5)-Methyl-5(4)-hydroxymethylglyoxaline (2*35 g.) was methyl¬ 
ated by the gradual addition with shaking of 10% aqueous sodium 
hydroxide (23*6 c.c.) and methyl sulphate (2*4 c.c.). After the 
mixture had been kept for 2 hours, chloroform extracted a yellowish- 
brown, ^ mass (0*8 g.}, which was converted into picrate 

and this crystallised from water, 0*5 g. of pure 1 :5-dimethyl- 
4-hydroxymethylglyoxaline picrate being obtained : yield, 6*7%. 

1 : 6-IHmethylA-hydroxymethylglyoxaline (V) crystallises from 
absolute methyl alcohol in colourless, hexagonal plates, m. p. 164— 
165° (corr.) (Found: C,57*2; H, 8*0. C 6 H 10 ON 2 requires C, 57*1; 
H? 7*9%). It is very readily soluble in water, and readily soluble in 
methyl or ethyl alcohol, acetone, or chloroform. The picrate 
crystallises from water in small, pale yellow, anhydrous prisms, 
m, p. 178—179° (corr.) (Found : 0, 40*7; H, 3*7; N, 19*5. 
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C e H 10 ON 2) C 6 H 3 O 7 N 3 requires C, 40-6; H, 3-7; N, 19-7%). It is 
sparingly soluble in cold water or alcohol. 

1 -Methylglyoxaline and Formaldehyde .— (a) 1 -Methylglyoxaline 
(2*8 g.) and formaldehyde (4-6 c.c.; 3-5 mols.) were heated for 
5 hours at 140°. The product was converted into picrates, and 
these crystallised fractionally from water. First, a molecular com¬ 
pound of l-methyl-2-hydroxymethylglyoxaline picrate and 1-methyl- 
glyoxaline picrate (5*48 g.; m. p. 144—145°) separated, then 
l-methyl-2-hydroxymethylglyoxaline picrate (4-42 g.; m. p. 137°). 
The yield of l-methyl-2-hydroxymethylglyoxaline is thus 62-6%, 
whilst 24*6% of 1-methylglyoxaline was recovered unchanged. 

( b) 1-Methylglyoxaline (3*1 g.) and formaldehyde (4-4 c.c.; 3-0 
mols.), heated for 4 hours at 130°, gave 11-35 g. of the picrate, 
m. p. 144—145°, and some 1-methylglyoxaline picrate (0-11 g.; 
m. p. 158°). The yield of l-methyl-2-hydroxymethylglyoxaline is 
here 46*1%, whilst 47*0% of 1-methylglyoxaline was recovered 
unchanged. 

l-Methyl-2-hydroxymethylglyoxaline (VIII) crystallises from chloro¬ 
form in colourless prisms, m. p. 116° (corr.) [Found in base dried 
at 80° (loss 1-3%): C, 53-4; H, 7*0. C 5 H 8 ON 2 requires C, 53*6; 
H, 7-1%]. It is readily soluble in water or alcohol, soluble in hot 
acetone or chloroform, but insoluble in ether or benzene. It is not 
volatile in steam. The picrate crystallises from water in small, 
yellow, lustrous prisms, m. p. 138° (corr.) [Sonn, Hotes, and Sieg 
(loc. ciL) give m. p. 136—137° (uncorr.)] (Found : loss at 100°, 3-3. 
C 5 H 8 0N 2 ,C 6 H 3 0 7 N3,4H 2 0 requires H 2 0, 2-6%. Found in dried 
salt: C, 38*8; H, 3*2. C 5 H 8 0N 2 ,C 6 H 3 0 7 Isr 3 requires C, 38-7; 
H, 3*2%). It is very sparingly soluble in cold water. 

Reduction . 1 - Methyl - 2 - hydroxymethylglyoxaline (0*7 g.), 
hydriodie acid (1*4 c.c.; d 1-7), and red phosphorus (0-06 g.) were 
heated at 155—160° for 5 hours, and the product was worked up in 
the usual way; 1:2-dimethylglyoxaline picrate (0*6 g.; yield 
29-5%; m. p. 178—179°, alone or mixed with an authentic specimen 
for which we are indebted to the Wellcome Chemical Research 
Laboratories) was then obtained together with l-methyl-2-hydroxy- 
methylglyoxaline picrate (0-49 g.; yield 23-0% ; m. p. 136—137°). 

The molecular compound of l-methyl-2-hydroxymethylglyoxaline 
picrate and 1-methylglyoxaline picrate crystallises from water in 
pale yellow needles, m. p. 145—146° (corr.) [Found in air-dried 
salt: loss at 100°, M. C 4 H 6 N 2 ,C 5 H 8 0N 2 ,(C 6 H 3 0 7 N a ) 2 ,iH 2 G 
requires H 2 Oj 1-4%. Found in dried salt: C, 38*8; H, 3-2; 
N, 21*7. C 4 H 6 N 2 ,C 5 H 8 0N 2 ,(C e H 3 0 7 N 3 ) 2 requires C, 38-7; H, 3-1; 
N, 21-5%]. It is almost insoluble in eold water, but readily soluble, 
in hot water. A mixture of this picrate with 1 -methyl-2-hydr<^^| 
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methylglyoxaline picrate (m. p. 138°) melted at 129—130°, whilst 
a mixture with 1-methylglyoxaline picrate (m. p. 159°) melted at 
139—140°. On converting the picrate, m. p. 145—146°, into the 
corresponding bases and distilling with steam, 1-methylglyoxaline 
was carried over and l-methyl-2-hydroxymethylglyoxaline remained 
unvolatilised. The separated bases were then converted into 
picrates and identified in the usual way. The constitution of the 
picrate, m, p. 145—146°, as an equimolecular compound of the 
picrates of l-methyl-2-hydroxymethylglyoxahne and 1-methyl¬ 
glyoxaline was confirmed by preparing it from the two salts. 

Municipal College op Technology, 

"University of Manchester. [Received, November 9 th, 1927.] 


CCCCXIL —The Oxide-ring Structure of Normal and 
y-Derivatives of Mannose . Preparation and Oxida¬ 
tion of Derivatives of y-Mannonolactone and 
d-Mannonolactone, with an Addendum on the 
Formulation of Normal and y-Sugars as Derivatives 
of Pyran and Furan and the Suggestion of a New 
Nomenclature . 

By Edward Hague Goodyear and Walter Norman Haworth. 

In continuing the study of lactones derived from sugars we have 
prepared several new derivatives in the mannose series. The 
ordinary y-mannonolactone (HI) was first prepared from mannonic 
acid by Eischer and Hirschberger (Ber. y 1889, 22, 3218) and was 
obtained in purer condition by Nef (Annalen, 1914, 403, 306) and 
by Hedenburg {J. Amer. Chem. Soc. } 1915,37, 345). The latter two 
authors also isolated an isomeric lactone, described originally as the 
“ p ” lactone, which is also obtainable from mannonic acid by 
adopting a different procedure for the anhydridation. We recom¬ 
mend that this “ p ” lactone should now be regarded as the S-man- 
nonolactone (VI) in view of the results obtained in a comparative . 
study of lactones (compare Haworth and Nicholson, J., 1926,1899). 
In the case of the parallel example from gluconic acid, the supposed 
** P 55 gluconolactone also should be described as 3-gluconolactone. 

By solution of y-mannonolactone in dry acetone containing 0-1 % 
of hydrogen chloride, we have prepared the crystalline y-mannomt- 
la£k^ and under slightly different conditions the 

crystalliney-mannonolactone-diacetone (II) has also been obtained. 
The Jatter is identical with the substance originally prepared by 
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Ohle and Berend (Ber. } 1925, 58, 2590) from marmose-diacetone (I) 
by oxidation to the diacetone of mannonic acid, which, by loss of 
water, passes into the corresponding lactone. Specimens have been 
prepared by each of these methods and their identity established. 
The constitution (I) assigned to mannose-diacetone therefore 
receives confirmation. 

By methylation of y-mannonolactone-monoacetone the crystalline 
dimethyl y-mannonolactone-monoacetone was isolated, and on hydro¬ 
lysis with dilute mine ral acid t his gave dimethyl mannonolactone . 
Acetylation of y-mannonolactone gave rise to the tetra-acetyl 
derivative. 

When y-mannonolactone was methylated with methyl iodide and 
silver oxide in the presence of acetone, that is, under the conditions 
described by Levene and Simms (J. Biol. Chem ., 1925, 65, 46), a 
mixture of crystalline products was obtained, from which were 
isolated (a) tetramethyl y-mannonolactone (IV), which gave a 
crystalline jphenylhydr azide, and (6) dimethyl y-mannonolactone- 
monoacetone, identical with the specimen above-mentioned. 
When, however, acetone was avoided as a solvent during the 
methylation of y-mannonolactone, only tetramethyl y-mannono¬ 
lactone was obtained. This showed [a]Jf + 65*2° falling to 61*2° 
in 9 days (compare Drew, Goodyear, and Haworth, this vol., pp. 
1242—3). 

In an attempt to prepare the tetramethyl derivative from 3-man- 
nonolactone by direct methylation, we were only able to recognise 
in the products the tetramethyl y-mannonolactone, and it seems clear 
that the 1:5 ring in the unsubstituted 8-lactone undergoes con¬ 
version into a 1:4 ring under the conditions employed. During 
the process of methylation, water is formed; this appears to open 
the lactone ring, which again closes to give the stable y-lactone. 
The tetramethyl 8-mannonolactone was prepared, however, from 
a-methylmannoside (VIH) by the indirect method, namely, methyl¬ 
ation followed by hydrolysis to normal tetramethyl mannose (IX) 
and oxidation of this sugar by means of bromine water. The 
tetramethyl 8-mannonolactone (VII) is isolated by conversion first 
into the crystalline phenylhydrazide, and after regeneration from 
this derivative is recognisable as a crystalline product, m. p, 23— 
25^ having [«]g* + 150° (initial). 

The constitution of each of these tetramethyl derivatives was 
determined by direct oxidation with nitric acid. Tetramethyl 
y-mannonoiactone (IV) gave on oxidation ^-dimethoxysuccinic acid 
(V), which was identified as the crystalline methyl ester and as tb&; 
crystalline methylamide > the latter being compared with a specin$8$g| 
. prepared from mesotartaric acid by Haworth and Jones (th&v ; ^^ 
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. p. 2352). This lactone should therefore be indexed as 2 : 3 : 5 : 6- 
tetramethyl mannonolactone (IV). The corresponding S-lactone 
(VII) gave on oxidation a small yield of s'-dimethoxysuccinie acid 
(V) and also, in a larger yield, d-arabo-trimethoxyglutaric acid (X), 
which was identified as the crystalline methylamide (m. p. 209)°. 
This was enantiomorphous with a specimen of the methylamide of 
the Z-variety of the acid obtained by Haworth and Jones (loc. cit.) 9 
with which it was compared. This S-lactone should therefore be 
indexed as 2 : 3 : 4 : 6-tetramethyl mannonolactone (VII). 
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The bearing of these results on the structure of the constituent 
sugars is evident. Since a lactone of formula (VH) is derived from 
tetramethyl mannose (IX), which in turn has been prepared from 
o-methylmannoside, it follows that the latter has a 1:5 or amylene 
©side ring structure (YiU). Similarly it has been shown that 
mannose-diacetone is a derivative of y-mannose (I) (Irvine and 
Skinner, J., 1926, 1089; compare Ohle and Berend, loc. tit.). This 
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gives rise on oxidation to the same y-maimonolactone-diacetone 
(II) as we have obtained direct from y-mannonolactone (III), and 
since the latter givesonmethylation a tetramethyl y-mannonolactone 
of constitution (IV), it is demonstrated that the y-mannose derivative 
has a constitution containing a butylene or 1 : 4 oxide ring. This 
conclusion is, however, dependent upon there having been no dis¬ 
placement of the ring during methylation of the y-lactone, and this 
is unlik ely to have occurred; and secondly upon there having been 
no such displacement during the introduction of acetone residues 
into the y-mannonolactone. The latter contingency also is on the 
whole unlikely, because the y-lactone contains two pairs of hydroxyl 
groups which are already favourably situated for as-condensation 
with acetone residues and are also attached to contiguous carbon 
atoms. Moreover the y-lactone is the stabilised form into which 
the S-lactone is convertible. 

The results now communicated assign to the mannose derivatives 
of the normal and the y-series the same structural relationships as 
those of the normal and the y-derivatives of glucose, of fructose, of 
arabinose, and of xylose, all of which have been ..shown by direct 
oxidation methods applied to ‘their related lactones to be amylene 
oxides in their normal forms and butylene oxides in their labile or 
y-forms (Avery, Haworth, and Hirst, this vol., p. 2308; Haworth, 
Hirst, and Learner, ibid ., p. 2432; Haworth, Hirst, and Miller, 
ibid., p. 2436; Haworth and Jones, loc. cit.). In a later paper it will 
be shown that these same structural relationships have been fully 
proved also for galactose in its normal and y-forms. So far, there¬ 
fore, as it is possible to generalise from these direct oxidation results , 
it is seen that the conclusions reached confirm entirely the structural 
formulee which were adduced from a study of the comparative rates 
of hydrolysis of the two series of lactones in aqueous solution, as 
determined (a) by the polarimetric method (Drew, Goodyear, and 
Haworth, loc. cit.) and (b) by the conductivity method. The 
generalisation advanced by Charlton, Haworth, and Peat (J., 1926, 
89), which stated that the normal sugars tend to exist in amylene 
oxide forms and the labile or y-sugars in butylene oxide forms, 
is again supported by the collateral data obtained from the 
oxidation of the methylated lactones. 

Addendum. 

The normal sugars are thus seen to be representatives of the 
parent form indicated by pyran, and the labile or y-sugars have as 
their parent substance furan. The two types of normal and labile ; 
sugars might well be described as the pyran- and fman-typee* 
Thus, arabinose in its normal form is tetrahydroxytetrahydropyi^g& 
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(A), whilst in its labile or y-form it is tetrahydroxymethyltetrahydro- 
furan (B). 
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There is urgent need for the adoption of a simplified, concise, 
standard nomenclature in the sugar group which will define the 
eesential structural differences between a normal sugar form and a 
labile or so-called y-sugar form. Such a revised nomenclature 



3141 


OB' NORMAL AND Y- EERr ^ ATIVES 0E MANNOSE. 

of the various pentoses, hexoses, etc., which may occur in. either 
structural form. 

On the basis of the conclusions now reached, the formula (A) 
must be accepted as a general representation of a normal sugar,, 
which might be described as a pyranose. The normal sugars 
arabinose, xylose, etc., may then be described as arabo-jpyrarcose, 
xylo-pyranose, and both the structure and the configuration would 
be at once intelligible from this nomenclature. The corresponding 
labile or y-isomerides may be described as arabo-/zinmose, xylo- 
furano&e, etc. (B). Proceeding in a similar manner to the repre¬ 
sentation of a hexose, it is only necessary to modify the formula 
(A) by the introduction of a primary alcohol group as a side chain, 
in order to indicate (as a hexa-pyranose) the structural relationships 
of the normal hexoses, and this modification, having regard to both 
the structural and the stereochemical arrangement involved, would 
be recognisable under the name of gluco-pyranose (C), manno- 
pyranose, galacto-^yranose, etc., whilst the labile or y-sugars would 
similarly be described as gluco-/^ra?iose, manno -furanose, etc. (D), 

Similarly in the cases of normal and y-fructoses, which have been 
shown by one of us to have the constitutional formula (E) and (F), 
the corresponding nomenclature would apply : ixucto-pyranose for 
the normal sugar, and ixucto-fur anose for the labile form (Haworth 
and Hirst, J., 1926, 1858; Haworth, Hirst, and Learner, this vol., 
p. 1040; Haworth, Hirst, and Nicholson, ibid., p. 1513; Avery, 
Haworth, and Hirst, loc. cit .; Haworth, Hirst, and Learner, this 
vol., p. 2432). 

The sugars higher in the series, such as the heptoses, occurring in 
either form would be definable as hepta-pynmoses or hepta -fumnoses , 
the device which is already current being used for distinguishing 
between the configurations, namely, glucohepta-p^ranose, etc., 
instead of “ glucoheptose (normal) of the amylene oxide form.” 

It is not without significance that the naturally occurring pigments 
such as the anthocyanins, occurring as glucosides, contain as an 
essential part of their structure a pyran residue, and that the 
anthoxanthins or hydroxyflavones contain the related pyrone 
group. It is conceivable that this residue is traceable to its origin 
as a normal sugar, suggesting that these colouring matters of plants 
are transformation products intimately related in their structure 
to the sugar group. The suggestion has already been made 
that phenols originate through an aldol type of condensation 
between the aldehyde group of an aldohexose of position (6) in the 
chain, giving a hexahydroxyhexahydrobenzene of the type of 
inositol, which then passes by elimination of water to the polyhydrio; 
phenols (Haworth, J. Sot. Chem. JmL,1927,46,295). On the g^^| 
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hand, the frequent occurrence of furan residues in natural products 
suggests that these are similarly traceable to the pre-existing y-sugar. 
We have already shown that tetramethyl y-fructose passes with 
remarkable ease into a furan derivative (Haworth, Hirst, and 
Nicholson, this vol., p. 1513). 

Experimental. 

Meihylation of y-Mannonolactone. —Crystalline y-mannonolactone, 
prepared by the methods described by Nef and by Hedenburg 
(foe. cit.), was methylated with methyl iodide and silver oxide in 
presence of methyl alcohol as solvent. The product was treated 
with the same reagents in the presence of acetone (Levene and 
S imms , J. Biol . Chem ., 1925, 65, 46) and thereafter twice with the 
methylating agents without any extraneous solvent; it then became 
partly crystalline. This product was distilled under diminished 
pressure, subjected to two further methylations, and again distilled. 
The major portion (70% yield), b. p. 100—105°/0*06 mm., became 
partly crystalline and the crystals were collected on porous tile and 
recrystallised from light petroleum (voluminous needles, m. p. 
109—110°). A second crop consisted of both needles and plates, 
m. p. 83°. Recrystallisation of the latter from boiling carbon 
tetrachloride gave prisms, m. p. 110°, showing no depression of 
melting point in admixture with the needles. This material gave 
OMe, 30*25%. It was clear that the compound crystallising in 
needles could also be obtained from carbon tetrachloride in the 
form of prisms. It showed [a]g* + 64-2° in water (c = 1*1), 
changing to + 55*8° in 9 days (Found : C, 53*5; H, 7*3. C 11 H 18 0 6 
requires C, 53*6; H, 7*3%). These analytical figures agree with 
those required for a monoacetone derivative of dimethyl y-mannono- 
lactone, and that this was actually the product obtained was shown 
by an alternative method of preparation which is described later. 

In order to investigate the reason for the occurrence of this com¬ 
pound a further lot of y-mannonolactone was methylated (a) in the 
presence of acetone, and a further quantity (b) in the absence of 
acetone, only methyl alcohol being used as the extraneous solvent. 
In the former case, the same mixture of products was isolated* the 
chief of these being the compound, m. p. 110°, but in the latter case 
(6) an apparently homogeneous product was obtained, m. p. 108°, 
from ligroin; [a]g* + 65*2° in water (c = 1*038), falling to 61*2° 
after 9 days; [a]^ -f 77*0°, falling to 71*8° in 9 days (Found: 
C, 5M; H, 7*6 ; OMe, 52*2. Calc, for C 10 H 18 O 6 : C, 51*25; H, 
7*7; OMe, 54*2%). This substance was obtained either as coloux- 
lesg pl&ies or as long, transparent needles 1—2 cm. in length. 
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When heated with phenylhydrazine, this product, which appeared 
to be the genuine tetramethyl y-mannonolactone, gave a crystalline 
phenylhydrazide , m. p. 167° (from ether) (Found : C, 55-5; H, 7-6; 
OMe, 32*9; N, 8*4. C 16 H2 6 0 6 requires C, 56*1; H, 7*6; OMe, 
36*3; N, 8*2%). These analytical data suffice to show that the 
substance was the phenylhydrazide of a tetramethylmannonic acid. 

y-Mannoriolactone-monoacetone. —y-Mannonolactone was shaken 
with dry acetone containing a trace of hydrogen chloride (about 
0*1%). Complete solution occurred in 20 minutes, and then the 
mineral acid was neutralised with silver carbonate. After filtration 
and evaporation, colourless crystals, m. p. 132°, were collected and 
also a second crop, m. p. 117° (impure diacetone derivative). 
Recrystallisation of the former product from acetone and ligroin 
gave colourless needles (yield, 85%), m. p. .133°; + 55*4° in 

water (c = 1*62) (Found : C, 49*1; H, 66. C 9 H 14 0 6 requires 
0,49*5; H, 6*4%). 

y-Mannonolactone-diacetone. —Finely divided y-mannonolactone 
(6 g.) was shaken with 400 c.c. of dry acetone containing 0*2% of 
hydrogen chloride. After 3 hours, when most of the lactone had 
dissolved, the mineral acid was removed with silver carbonate and 
the acetone evaporated under diminished pressure. Extraction 
of the crystalline residue with large volumes of light petroleum 
yielded colourless crystals, m. p. 122—125°; after recrystallisation 
from ligroin, m. p. 126°. [a]ff + 50*6° in chloroform (c = 1); 
+ 73*65° in 50% alcohol, falling to 45*9° after 20 days (Found: 
C, 55*8; H, 7*15. Calc, for C 12 H 18 0 6 : C, 55*8; H, 7*0%). The 
melting point and physical constants agreed with those of y-man- 
nonolactone-diacetone observed by Ohle and Berend (Ber.,' 1925, 
58, 2590) and the substance was identical with a specimen prepared 
by their method. 

Dimethyl y-Mannonolactone-monoaceione. —The above specimen of 
y-mannonolactone-monoacetone was methylated by means of silver 
oxide and methyl iodide. The product crystallised from ether in 
bulky needles, m. p. 110°, and this was found to be identical with the 
product obtained above during the methylation of y-mannonolactone 
in the presence of acetone (Found: OMe, 25*5. Calc.: OMe, 25*3%). 

Dimethyl y-Mannonolactone. —Hydrolysis of the above product 
with 0*1% aqueous hydrochloric acid gave a crystalline substance 
which crystallised from ethyl acetate-light petroleum in white 
needles, m. p. 109—110°; [a]g* + 61*1° in water (c — 1*03), fallin g 
to 60*5° in 19 days. Yield, 60%. This was dimethyl y-mannono- 
lactone (Found: *C, 46*6; H, 7*1; OMe, 28*9. C 6 H 14 0 8 requires 
C, 46*6; H, 6*8; OMe, 30*1%). 

Tetra-acetyl y-Mannmolactone. —A mixture of y-mannonolactone 
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(1 g.), acetic anhydride (5 g.), and dry pyridine (6*7 g.) was shaken 
for 45 minutes until a clear solution was obtained, and this was kept 
in a stoppered vessel in the ice-chest for 2 days. After dilution with 
50 c.c. of cold chloroform the solution was poured on powdered ice. 
The chloroform extract of this product was washed with water and 
sodium carbonate solution, dried, and evaporated. This gave a 
syrup which crystallised from ether in needles, m. p. 115—117°; 
the yield was 0*5 g. Recrystallisation from dry ether raised 
the m, p. to 120°. [a] D + 44*9° in chloroform (c = 1*56) (Found ; 
0,48*6; H, 5*3. C 14 H 18 O 10 requires C, 48*55; H, 5*2%). This 
appeared to be the tetra-acetyl derivative of y-mannonolactone. 

Attempted Preparation of Derivatives of <$-Mannonolactone. —This 
crystalline substance, first described by Nef ( loc . tit.) as p-mannono- 
lactone, was prepared by Nef’s method as modified by Hedenburg 
(loc. cit.). M. p. 162° (after recrystallisation from boiling ethyl 
alcohol); [a]g # + 114*0° in water (c = 1*24), falling to + 27*5° 
after 21 hours. 20 G. of pure calcium mannonate gave 6*5 g. of this 
lactone. 

This substance was treated with methyl iodide and silver oxide 
twice in the presence of methyl alcohol and once in the presence of 
acetone. The semi-crystalline product was drained on a tile and 
extracted with light petroleum, which removed a mobile liquid 
having n l g 1*4370. The crystals (m. p. 108°) showed no depression 
of m. p. in admixture with the specimen of tetramethyl y-mannono- 
lactone (Found; OMe, 52*2. Calc.; OMe, 54*2%), It thus 
appeared that the S-lactone had been transformed into a y-lactone 
during condensation with acetone which had been used as solvent 
in the methylation process. 

Oxidation of Tetramethyl y-Mannonolactone. —This crystalline 
lactone (1*5 g.) was heated with 13 c.c. of nitric acid (d 1*42) at 100° 
for about 15 minutes in order to initiate the oxidation. The bath 
was maintained at 95—100° for a further 7 hours, and the 
solution was then cooled and diluted, and the nitric acid removed 
as completely as possible by distillation under diminished pressure, 
followed by repeated dilution and further distillation* The syrupy 
residue, which contained crystals, was esterified with 4% methyl- 
alcoholic hydrogen chloride, and the product (0*85 g.) distilled under 
01m : Fraction I, from bath at 110—115°; 0*25 g., which 
crystallised immediately. Fraction II, bath at 115—120°; 0*4 g., 
which crystallised on nucleation with methyl dimethoxysuecinate. 
Fraction III, bath at 120—140°; 0*1 g., which was partly 

crystalline. 

Fractions I and II were identical, since each gave on recrystallis- 
light petroleum a crystalline ester, m. p. 68°, which was 
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identical with a specimen of methyl ester prepared from meso - 
tartaric acid, and this was confirmed by a mixed m. p. determination. 
The substance was therefore methyl z-dimethoxysuccinate (Found : 
0,46-46; H,9*6; OMe, 59*3. Calc.: C,46*6; H,9*6; OMe, 60*1%). 

0*1 6. of this compound was converted into the methylamide 
by dissolving it in a saturated solution of methylamine in methyl 
alcohol. Crystals separated after 2 days, m. p. after recrystallis¬ 
ation 209°, giving no depression in ad m ixture with i-dimethoxy- 
succinomethylamide prepared from mesotartaric acid by Haworth 
and Jones (Zoc. cit.) (Found: C, 47*1; H, 7*6; N, 13*1. Calc. : 
C, 47*1; H, 7*8; N, 13*7%). 

Oxidation of Tetrameihyl S-Mannonolactone .—Crystalline 
2:3:4: 6-tetramethyl S-mannonolactone (2*7 g.) prepared by the 
method described by Drew, Goodyear, and Haworth (this vol., 
p. 1243) was oxidised by digestion at 90° with 20 c.c. of nitric acid 
(d 1*42). The reaction proceeded smoothly, and after 4J hours the 
evolution of brown fumes had ceased and a colourless solution 
remained. After dilution the nitric acid was repeatedly evaporated 
,at 40° in a vacuum with addition of water, and finally a syrup was 
obtained which was dissolved in 80 c.c. of methyl-alcoholic hydrogen 
chloride (3*5%) and digested at 70° for 6 hours. The cooled solution 
was neutralised with silver carbonate, and the ester obtained 
(2*3 g.) by the usual method of isolation. This distilled at 95— 
100°/0*07 mm. and showed [<x]if — 27*3° (in water, c = 1*21). The 
ester gave on solution in methyl-alcoholic ammonia the crystalline ’ 
amide, m. p. 255°. The ester was, however, identified by means of 
the following preparation of the crystalline methylamide. 

The liquid ester (0*5 g.) was dissolved in methyl alcohol, and the 
solution was saturated with methylamine. Having been kept for 
2 days, the solution was evaporated and gave a solid residue which 
was recrystallised from ethyl acetate. The first crop of crystals 
(0*14 g.) had m. p. 155—160° and obviously contained a slight 
impurity, which was removed on a further crystallisation from the 
same solvent. This gave a colourless, crystalline product (0*04 g.), 
m. p. 208—209°, identical with the specimen of ^-dimethoxy- 
succinomethylamide prepared by Haworth and Jones from meso* 
tartaric acid. A second crop of crystals was obtained by concen¬ 
trating all the mother-liquors; colourless needles (0*3 g.), m. p. 
172°. This substance was recognised as d-arabo-trimethoxy- 
glutaromethylamide, [ajf — 59*7° in water (c = 0*94), the enantio- 
morph of the Z-variety described by Haworth and Jones (toe. cti.) 
as having m. p. 172°, [a]{f + 59*9° in water (c = 1) (Found: 0, 
48*3; H, 8*3; N, 11-0; OMe, 36*3/ Calc.: C, 48-35; H, 

; N, 11*2; OMe, 37-5%). . ^ ^ 
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CCCCXIII .—The Constitution of the Disaccharides . 
Part XVII. Maltose and Melibiose. 


By Waiter Norman Haworth, John Vatjghan Loach, 
and Charles William Long. 


The problem of the structure of maltose and melibiose has excited 
unusual controversy and various rival formulae appear in the 
literature from time to time intended to supplant those submitted 
by one of us. The most recent of these attempts to reconstruct the 
constitution of these disaccharides is that made by Irvine in the 
published transcript of an address to the American Chemical Society 
(Chemical Reviews, 1927, 4, 203). Without contributingany fresh 
evidence, Irvine has now advocated the following scheme, wherein 
maltose is given formula (I) and melibiose is given formula (II): 


I QH-OH 
~-OH 


r-O-l 


ch 2 -oh 

Glucose residue. 



r9H-OH 
I 9H-OH 
9 9H-OH 
l 9h 
CH- 


r9H- 


- 0-1 




Glucose residue. 


(I.) 


I QH-OH 

' 9h-oh 6 
QH-OH 
CH— 

ch 2 -oh 

Glucose residue. Galactose residue. 

(II-) 


J 


jh 2 *oh 


It is to be noticed that the revised structural form initially advocated 
by one of us for glucose in its normal derivatives is adopted for the 
non-reducing residue in (I), whilst the reducing glucose component 
in each disaccharide is given the character of a butylene oxide form 
which one of us applied to y-glucose derivatives. Thus the* effect 
of these new attempts to represent these disaccharides is to emphasise 
that each of them contains as its reducing hexose component a 
labile or y-glucose residue. No evidence is given for the hypothesis 
that either maltose or melibiose is a y- sugar, nor indeed do the 
properties of these disaccharides warrant that such an assumption 
need be entertained. 

These views advanced by Irvine are indeed capable of simple 
and complete investigation, and in the case of maltose they have 
abroad^ been shown to be invalid by Haworth and Peat (J., 1926, 
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3094). The latter authors have demonstrated that maltose has the 
constitution (III), since it gives on oxidation a maltobionio acid 
which can only be formulated as in (IV). Completely methylated 
maltobionio ester (V) yields on hydrolysis only tetramethyl glucose 
and the tetramethyl gluconic acid (VI) which forms the y-lactone 
(VII), and the structure of the latter has been proved by its oxid¬ 
ation to d-dimethoxysuccinic acid (VIII) and not to xylo-trimethoxy- 
glutarie acid (Haworth, Hirst, and Miller, this vol., p. 2436), which 
is obtained from the corresponding tetramethyl S-gluconolactone. 


r^H-OH 

j0H.° H 

0 9H-OH j 


J? 

V /NTT 




!H- 

0 


OH 
CH-OH 
CH-OH 
OH- 


0 


CH 2 -QH 


ch 2 -oh 

Maltose (III.) 



(IV.) 


(1) COgMe r^H-, 90 2 H CO-i 90 2 H 

(2) 9H-OMe n J OH-OMe | (^H-OMe OH-OMe X H-C^-OM. 

(3) OH-OMe f 9H-OMe 0 9H-OMe 9H-OMe i MeO^-H 

(4) 9H- 1 9H-OMe K 9H-OH ^ 9H- J -> C0 2 H 

(5) OH-OMe OH- 1 (jlH-OMe -OH-OMe 

(6) GH 2 -OMe CH 2 -OMe CH 2 -OMe <k 2 -OMe 

(V.) (VI.) (VH.) (VIII.) 


These facts leave no room for doubt that the biose linking in maltose 
is situated at position 4 in the reducing biose. If this result is 
compared with that furnished by the isolation of 2 : 3 : 6-trimethyl 
glucose as a cleavage product of fully methylated maltose (Irvine 
and Black, J., 1926, 862; Cooper, Haworth, and Peat, ibid., p. 876), 
the oxide ring of this hexose unit is seen to be present at the 5th 
carbon atom as shown in the maltose structure (III). 

The case of melibiose is capable of a similar demonstration. 
Methylated melibiose (IX) yields on hydrolysis two cleavage pro¬ 
ducts, one of which (XI) is crystalline, and the other, a liquid (X), 
yields a crystalline glucoside. 


pCH*OMe 
CH-OMe 

0 CH-OMe q j 
^CH-OMe 


-9H- 

9H-OMe 
?H-OMe 
?H-OMeJ 

•OMe 


(XX.) 


r QH*OH 
(jJH-OMe 
0 QH-OMe 
I^CH-OMe 

ch 2 -oh 

(X.) 

2:3: 4-Trimethyl 
glucose. 


+ 


)H-OH 
)H-0Me 
3H-OM© 
)H-OMe 

m 

CH 2 -OMe 
(XI.) 

2:3:4:6-Tetia- 
methyl galactose.,, 
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The inference was therefore drawn by Charlton, Haworth, and 
Hickinbottom (this vol., p. 1527) that the constitution (XII) 
should be allocated to melibiose, and the same formula was also 
supported by the earlier work of Haworth, Hirst, and Ruell on 
raffinose (J., 1923, 123, 3125), and still earlier by Haworth and 
Leitch (J., 1918, 113, 188). 

This formula for melibiose is finally established by an alternative 
proof wherein melibionic acid (XIII) has been methylated to give 
methyl octamethylmelibionate (XIV), which on hydrolysis yields, 
besides crystalline 2:3:4: 6-tetramethyl galactose, the 2 : 3:4 :5- 
tetramethyl gluconic acid (XV) which does not form a lactone. 
The structure of the latter product has been determined by its 
oxidation with nitric acid to tetramethylsaccharic acid (XVI), 
which gives a crystalline methyl ester identical in every respect 
with that obtained by methylating saccharic acid. 

It is therefore demonstrated that since 2:3:4: 5-tetramethyl 
gluconic acid (XV) is the only product isolated which corresponds 
to the glucose component of melibiose, this component is attached 
to the galactose residue through the hydroxyl in position 6. 




co 2 h 

Ty h 

CH-OH 

CH-OH 

OH-OH 

CH-OH 6 

CH-OH 

r0 J CH-OH 

CH-OH | 

CH-OH 

(jjH-OH 

OH--> 

CH-OH 
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CH 2 —1 
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Glucose residue, Galactose residue. 
Melibiose (XH.) 

COjMe 
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(XIV,) 


<xm.) 

90 2 h 

CH-OMe 

CH-OMe 

CH-OMe 

QH-OMe 

CH 2 -OH 

(XV.) 


?° a H 

J3H-OMe 

jJH-OMe 

jH-OMe 

JjH-OMe 

30 2 H 


(XVI.) 


The structural formula assigned by one of us to melibiose (XII) thus 
receives substantial confirmation from these new experimental 
results, as does also our formula for raffinose. 

Another aspect of the constitution of this disaccharide is the 
stereochemical signification given to it in the current literature 
as a glucose-p-galactoside 3 a conclusion based on the observation 
that melibiose is said to undergo slow hydrolysis with emulsin 
(lisch^r and Armstrong, Ber., 1902, 35, 3144). Helferich and 
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Eauch, however, have synthesised a biose of this configuration 
and structure, and the specific rotations both of the sugar and of 
its octa-acetate indicate its non-identity with melibiose (Ber., 
1926, 59, 2655). Other considerations serve to show also that 
the stereochemical characterisation of this sugar revealing the 
presence of a p-biose junction between the two hexose residues is 
unsound. This has been argued in a previous paper (Charlton, 
Haworth, and Hickinbottom, loc. tit.) wherein it is suggested that 
melibiose may be a glucose-a-galactoside corresponding to maltose, 
which is a glucose-a-glucoside. 

The argument may be supplemented by the new data now made 
available in the present experimental work. The methylated 
esters of the monobasic acids corresponding to each of the disacchar¬ 
ides, maltose, cellobiose, lactose, melibiose, have been prepared 
and their specific rotations are given, and in addition the rotation 
changes consequent upon their hydrolysis to the constituent hexoses 
and hexonic acids have been recorded. Each of these methylated 
esters may be regarded, for the purpose of comparison, as the 
equivalent of a methylglucoside or a methylgalactoside which may 
be recognised either as an a- or a (3-form. In the case of the 
simple methylhexosides the magnitude of rotation alone is accepted 
as a sufficient indication of stereochemical homogeneity. If the 
analogous principle be conceded also for the methylated esters of 
the various bionic acids, the data now collected may be valuable 
evidence of the stereochemical nature of the bionic junction between 
the gluconic acid residue and the remaining hexose in a bionic acid, 
and, by inference, of the character also of the biose junction in the 
parent disaccharide. It may be mentioned that methylation of 
a-methylglucoside, etc., does not appear materially to effect inter¬ 
change into the (3-methylglucoside. 


(1) Methyl octamethylmaltobionate ... 

(2) Methyl octamethylcellobionate ... 

(3) Methyl oetamethyl-lactobionate ... 

(4) Methyl octamethylmelibiouate ... 

The significance of these figures is the comparatively small magni¬ 
tude of rotation of the substances Nos. 2 and 3, which are the 
products from the authenticated (3-bioses, namely, cellobiose, which 
is glucose-(3-glucoside, and lactose, which is glucose-p-galactoside. 
It may be further observed that these low rotation values show 
an increase when the ester is hydrolysed to the constituent hexose 
and hexonic acid. The equilibrium rotation value of the hexose i| r 
known already from previous experiments, whilst the 


Equilibrium attained 
[a]D* on hydrolytic cleavage. 

+ 121° —>■ +54-9° 

' + 5 —>■ +55 

+ 34 —• +77*2 

+ 106 —+ +64 
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rotations of the methylated hexonic acids are also known (Drew, 
Goodyear, and Haworth, this vol., p. 1237). 

tab- 


.......................................... + 

2:3:5: 6-Tetramethyl gluconic acid . + 27 

2 : 3:4:5- „ „ ..* -f 10 


Inspection of the figures available for cases Nos. 1 and 4 reveals 
a striking similarity between these two derivatives of maltose and 
melibiose, inasmuch as both the esters have initially a high specific 
rotation which declines to a lower value on hydrolysis. The 
inference which might be drawn is therefore that in each of these 
examples the a-linMng of a glucoside is undergoing cleavage to the 
hexonic acid and to the a + p-equilibrated mixture of the methylated 
hexose. 

If this evidence be considered to provide a valid argument for 
the case of melibiose, it will then be clear that this disaccharide 
is not a glucose-p-galactoside, which is the view commonly accepted 
on the basis of Fischer and Armstrong’s observation, but is a 
glucose-a-galactoside. 

Discussion of Results. 

With the present work there is now concluded a survey of 
the constitution of the six commonly occurring disaccharides— 
sucrose, eellobiose, maltose, gentiobiose, lactose, and melibiose— 
and the structural classification of these may now be reviewed in 
the light of these new data, and of the controversy which these 
and the earlier results of one of us and his collaborators has excited. 

Chief among these criticisms have been those of Irvine in earlier 
papers (J., 1926, 867, 1506), but his more mature views appear to 
be concentrated in his recent article in Chemical Reviews ( loc . cit.). 
The following extract from this article may be quoted: “ In the 
structural classification of the disaccharides built up by Haworth ” 

this important issue * has been entirely overlooked/’ and ■■ in 
addition, it is now recognised that his work involves a fundamental 
experimental error which renders his whole scheme valueless and 
that consequently, so far as the constitution of the disaccharides 
is concerned, we are only at the beginning of things in place of at 
the end.” 

Whilst affirming this belief, Irvine then proceeds to <c turn to 

* Far from Laving been overlooked, .this issue originated in a clear, cautious 
statement by one of us (J., 1926, 98, footnote) and it was there considered to 
be ajpossible though unlikely contingency, a view since justified in that it has 
be^fthown not to arise in any of the cases for which it was entertained*— 
Haworth. ■ 
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the authentic results obtained,’ 5 but instead of giving here only 
examples initiated by his own experimental work he quotes in 
detail, in the cases of no fewer than four of the six disaccharides, 
the experimental results and formulae copied from our original 
papers published before he gave his address to the American Chemical 
Society (see Chemical Reviews ), and in so doing he suppresses all 
reference and acknowledgment to the original authors. 

Irvine is committed to the advocacy of all but two of the con¬ 
stitutional formulae for disaccharides initiated by one of us. The 
following are the formulae quoted by Irvine in detail; these con¬ 
clusions are identical with those previously given by Haworth and 
Hirst (J., 1921, 119, 193), Haworth and Leitch (J., 1918, 113, 
188), Haworth and Wylam (J., 1923,123, 3120), Charlton, Haworth, 
and Peat (J., 1926, 89), and Haworth and Hirst (J., 1926, 1858). 


rCH-OH 
1 yH’OH 
0 CH-OH 

I OH- 

l 9h 

ch 2 -oh 


r^H- 

rO-l 9 H ' 0H 



*ch 2 -oh 


p9H-OH 

r9 H 

I CH-OH 

CH-OH 

9 (?H-OH 

CH-OH 

CH-OH 

r° J CH-OH 

l 9h 

' 9 H ■ 

ch 2 - 

J CH 2 -OH 


Cellobiose (when both hexoses are glucose). Gentiobiose. 

Lactose,(when the hexose * is galactose). 


r-CH— 
I (pH-OH 
o 9H-OH 
! CH-OH 

■mJh 

ch 2 -oh 


9h 2 -oh 

__0- 9 -, 

CH-OH (*) 
9H-OH I 

9H- 1 

CH 2 -OH 

Sucrose. 


The allocation of the above formula to sucrose was dependent 
upon, and could only have been made simultaneously with, the 
disproof and abandonment of Irvine’s butylene oxide formula for 
normal fructose derivatives, since it is this formula which Hayworth 
and Hirst then assigned (July, 1926) to the y-fructose component 
in sucrose (Compare subsequent paper by Avery, Haworth, and 
Hirst, this vol., p. 2308). 

For the constitutions of the remaining two disaccharides, maltose 
and melibiose, against which the main criticism is evidently directed, 
Irvine has contended for the expressions (I) and (II) quoted already 
on p. 3146. The purport of the present communication is to 
demonstrate that in these two examples Irvine’s formulae 
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erroneous, as is also his formula for raffinose, and it thus appears 
that in none of the six eases has a disaccharide formula been 
initiated by Irvine which has survived. The latter author has 
assigned, however, structural formulae to celloisobiose and to the 
mma,ltose of starch, although no experimental evidence accompanies 
these views and most workers, including the discoverers of these 
bioses, would do little more at this stage than postulate the 
probable existence of these two disaccharides (compare Haworth, 
J. Soc . Clem. Ind ., 1927, 46, 295). 


Experimental. 

Oxidation of Melibiose to Melibionic Acid .—Melibiose (28 g.) 
having the recognised constants and having been prepared from 
pure raffinose was agitated with 210 c.c. of water to which were 
added in portions at intervals 16 c.c. of bromine, and the mixture 
was kept at about 20° with frequent agitation during about 7 days; 
then it appeared no longer to reduce Eehling’s solution. The 
solution Was then aerated, treated with hydrogen sulphide, and 
again aerated. Powdered litharge (50 g.) was added, and the 
mixture shaken for 4 hours until all the mineral acid present had 
been neutralised. The filtrate and the washings from the lead 
salts were shaken with finely divided silver oxide and the mixture 
was kept in the dark for some time. It was then filtered, treated 
with hydrogen sulphide, and again filtered, and the filtrate was 
evaporated and digested with precipitated calcium carbonate 
(10 g.). The filtrate and washings from this treatment were treated 
with charcoal and evaporated to a volume of 50 c.c. This solution 
was poured slowly with stirring into about 2 litres of methylated 
spirit. The precipitated, slightly glutinous solid "was placed in 
contact with fresh methylated spirit and stirred until a hard granular 
product was formed. This was collected and dried in a vacuum, 
appearing as an almost white powder which was calcium melibionate. 
A further quantity of this calcium salt was recovered from the 
methylated spirit by evaporation, and purified as before by pouring 
into a fresh lot of methylated spirit. The dried calcium salt was 
devoid of action towards Eehling’s solution. Yield, 92%. The. 
calcium estimation showed Ca 4*74%. It thus appeared that the 
solid contained either two or three mols. of ethyl alcohol. 

Metk/Mim. Calcium melibionate (20 g.) was methylated in 
-the' usual manner with methyl sulphate in presence of sodium 
hydroxide, and the product was submitted to two similar treat¬ 
ments, The methylation process was completed by the use of 
Pardos reagents, which were employed initially in presence of 
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a little water and finally the dry reagents were employed. The 
crude product resulting from this treatment contained OMe, 53*9%. 
It was .then distilled under 0*05 mm., and the small amount (1*4 g.) 
of distillate collected below a bath temperature of 190° was rejected. 
The remaining portion of the distillate (12*5 g.) was collected at a 
bath temperature of 200—210°, and this on redistillation had b. p. 
173 -175°/0*06 mm.; n'f 1*4640; [a]f + 106*4° in water (c = 1*63) 
(Found: C, 51*9; H, 8*5; OMe, 54*5. C 21 H 40 O 12 requires C, 52*1; 
H, 8*3; OMe, 57*65%). The product thus appeared to be essentially 
methyl octamethylmelibionate. 

Hydrolysis. The above product was digested in a bath at 90° 
with a 7% solution of hydrochloric acid, and polarimetric readings 
were taken during the process of hydrolysis. The observations 
were taken by interrupting the course of the hydrolysis, removing 
a small sample and cooling, and these observations were continued 
until a constant rotation was obtained. [a]*®* + 106*1° (initial), 
99*6° (after 30 mins.), 89*6° (60 mins.), 81° (90 mins,), 73*4° (120 
mins.), 64-0° (180 mins.). After the solution had been kept over¬ 
night, the reading was + 64*3°, and it was ascertained that this 
reading remained constant after further heating. The mineral 
acid was then neutralised with barium carbonate, air being drawn 
through the solution at 50° to assist the neutralisation. The 
faintly coloured filtrate was treated with charcoal until quite 
colourless and evaporated at 40° in a vacuum. The residue was 
thoroughly dried by mixing it with acetone and removal of solvent, 
and finally by heating in a vacuum; the white residue thus obtained 
was extracted many times with boiling ether. The collected 
extracts yielded a syrup which crystallised on keeping. It was 
ascertained that this was 2:3:4: 6-tetramethyl galactose (yield, 
96*2% of the theoretical). The crystals were drained on porous 
tile and purified from light petroleum; m.p. 71—72°; [«]»*+ 117-8° 
(equilibrium). A mixed m. p. determination with an authentic 
specimen of 2:3:4: 6-tetramethyl galactose proved its identity. 

Again, 1 g. of the crude sugar was heated with 3 c.c. of aniline 
and 30 c.c. of ethyl alcohol during 5 hours. The crystalline tetra- 
methyl galactose anilide separated and was recrystallised from 
ethyl acetate (yield, 92%); m. p. 192—193°, mixed m. p. deter¬ 
mination with an authentic specimen prepared from lactose, 
192—193°. 

The residue remaining after the ether extraction of the tetra- 
methyl galactose contained a barium salt of an organic This 

was dissolved in water and treated with the equivalent of dilute 
hydrochlorio acid to liberate the whole of the organic acid. - Hn fe 
Solution was completely evaporated at 30° in a vacuum and fo$aB|§ 
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at 35—40°. The residue was thoroughly dried by adding acetone 
and evaporating the solvent and finally by heating in a high vacuum 
at 70°. It was then extracted repeatedly with ether and the 
collected extracts were evaporated, yielding 4*2 g. of a tetramethyl 
gluconic acid (yield, 86*8% of the theoretical). The latter distilled 
under 0*05 mm. very slowly from a bath at 164°, giving a colourless, 
highly viscid syrup, which gave analytical figures pointing to its 
having been converted during this operation into an anhydro-form 
by condensation of two molecules (Found : C, 49*5; H, 8*0; OMe, 
48*6. C 20 H 38 O 13 requires C, 49*4; H, 7*8; OMe, 51*0%). 

The above undistilled acid (1 g.) was now oxidised in contact 
with 10 c.c. of nitric acid (d 1*2). Nitrous fumes began to be 
evolved at 75°. The temperature was gradually raised to 100°, 
and the solution maintained at this temperature for 5 hours. On 
removal of the nitric acid in a vacuum by repeated evaporation, 
accompanied by the intermittent addition of water, a liquid acid 
product was obtained. This was esterified with methyl-alcoholic 
hydrogen chloride (3%). Removal of the mineral acid was effected 
with silver carbonate and the filtrate was treated with charcoal to 
eliminate colloidal silver. A colourless liquid product (0*95 g.) 
was obtained on evaporation of this solvent. This was distilled 
under 0*09 mm. from a bath heated at 116—119°, and gave 0*8 g. 
of a colourless mobile liquid which crystallised during the dis¬ 
tillation. This solid was recrystallised from dry ether, in which 
it was very soluble, giving hexagonal prisms, m. p. 77—78°. These 
were identical with the crystalline methyl tetramethylsaccharate 
which was prepared for the purpose of comparison by the methyl- 
ation of saccharic acid. Karrer and Peyer (Helv. Chim. Acta , 
1922, 5, 577) also have prepared methyl tetramethylsaccharate 
from saccharic acid and they give m. p. 68°. By repeating the 
preparation of these authors, we also observed m. p. 68—71° for 
the partly purified material, but after three reerystallisations from 
ether the m. p. was raised to 76—77°. This preparation of the 
ester and of its derivatives will be described in a subsequent paper 
by Haworth and Jones. Mixed m. p. determination with the 
specimen isolated via melibiose, 77—78° (Found : C, 49*1; H, 7*2; 
OMe, 63*5. Gi^S^O s requires C, 49*0; H, 7*5; OMe, 63*3%). 
The diamide was also prepared; hexagonal plates (from water), 
m. p, 237—239° (Found: C, 45*4; H, 7*7; N, 10*7. Calc.: C, 45*4; 
E, 7*65; % 10*6%). 

The tetramethyl gluconic acid isolated as a cleavage product of 
methyl oetamethylmelibionate is thus seen to be 2 :3 ; 4 ; 5-tetra- 
methyl gluconic acid, since it gives the tetramethylsaccharic acid 
<m oxidation of a terminal -CH^OH group. 
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CCCCXIY .—Ionisation and- Chemical Change during 
Slow Combustion . 

By James Allan Jamieson Bennett and Ernest Walter 
John Mardles. 

During the period of slow combustion, important changes occur 
in a gas mixture rendering it sensitive to inflammation. Bone, 
Fraser, and Witt have recently demonstrated (Proc. Boy. Soc., 
1927, A, 114, 442) that with mixtures of methane and oxygen when 
an electric spark is passed there is a definite lag or induction period 
before main combustion occurs. Ionisation has sometimes been 
detected during the slow combustion of a hydrocarbon, alcohol, 
etc., in air, and is associated with the formation of a fine mist 
(Bennett, Trans. Faraday Soc., 1927, 23, 295). 

It has been found that a system containing liquid droplets is 
more ionised and more sensitive to ignition than the corresponding 
vapour mixture. Many different mixtures of %-hexane and air 
have been passed through a horizontal glass tube, heated in an 
electric furnace to 675°, without ignition occurring, but if the tube 
was tilted or held vertically, a fine mist passed back against the 
stream and then ignition often occurred as low as 550°. When 
hexane was sprayed down the tube ignition occurred at 570°. A 
similar behaviour was observed with a number of substances, as 
shown in Table I. The apparatus employed was the same as 
described by Callendar ( Engineering , 1927, 123, 147) and Bennett 
(loc. cit.); and the spontaneous ignition temperature given is the 
minimum observed on varying the mixture strength. The rate of 
flow through the tubes was the same for both spray and vapour. 

Table I. 

Spontaneous ignition temperatures of vapour or spray of some 
liquids in air; heated-tube method. 


Substance. 

Spray. 

Vapour. 

tn-Xylene ... 

. 610° 

710° 

n-Butyl alcohol... 

635 

725 

Benzyl alcohol . 


550 

. 546 

571 

Amyl ether ..... 

516 

591 

Cymene (b..p, 174—176°) .. 


606 
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The minimum ignition temperature obtained with a falling temper¬ 
ature was often much lower than with a rising temperature. Thus, 
with a mixture of acetylene and air a sharp explosion first occurred 
at 340° with a rising temperature, but on lowering the temperature 
the mixture continued to catch fire at intervals even below 300° 
without violence, indicating that something remained in the tube 
from the previous combustion which rendered the fresh gas mixture 
sensitive to ignition. 

Chemical changes occur below the ignition temperature, and 
these were usually more marked and occurred at lower temperatures 
with the liquid drops present than with the vapours alone. Thus 
with eymene at 370° the aldehyde and peroxide tests were given 
by the liquid drops but not by the vapour; lime-water was turned 
milky at 425° by the products from the spray, but it was necessary 
to raise the temperature to 440° in the case of the vapour before the 
presence of carbon dioxide could be definitely demonstrated. 
Table II gives some results obtained with a spray in quartz tubes 
with light from the mercury-vapour lamp. The electrical con¬ 
ductivity was measured in the manner described by Bennett 
(he. cit). 

Table II. 

Chemical and ionisation changes during the slow combustion of 
(a) eymene; (b) amyl ether; (c) undecane. 

Temp. Observations. 

(а) 275° Aldehyde and peroxide tests given. 

300 Fog formed; slight ionisation. 

400 Dense, white fog, with pronounced ionisation; carbon dioxide 
present. 

(б) 120 Aldehyde and peroxide tests given. 

300 Slight ionisation; white fog formed. 

(c) 150 Aldehyde and peroxide tests given. 

275 Slight ionisation; white fog formed. 

450 Pronounced ionisation; dense white fog and nearly complete 
combustion of undecane to aldehydes, acids, C0 2 , etc. 

Although the high degree of ionisation is regarded as an accom¬ 
paniment of, rather than as the direct cause of, detonation in the 
internal-combustion engine (Symposium on Gaseous Reactions, 
Trans. Faraday /Soc., October, 1926), yet the important role that 
can be played by electron emission follows from Callendar’s nuclear- 
drop theory, the electron being capable of acting as a nucleus 
{Aeronautical Research Committee, R. and M. 1013, H.M.S.O.). 

The coincidence of mist formation and ionisation during the slow 
combustion of a large number of substances raised the question as 
to whether ionisation was due to the development of surface (com- 
jNare Simjpson, Phil. Trans., 3.909, A, 209, 379) or whether it was 
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the result of chemical change, and this matter is under investig¬ 
ation. 

Although it is not certain whether all gaseous reactions are accom¬ 
panied by ionisation (compare Trautz and Henglein, Z. anorg. 
Chem ., 1920,110, 257), the results shown in Table III indicate that 
at higher temperatures slight ionisation occurs with some mixtures. 
Moreover, Brewer ( Proc . Nat. Acad . ScL, 1926,12, 560) has observed 
ionisation during the catalytic oxidation of a number of organic 
substances, e.g ., xylene, acetone, etc. 



Table III. 





Temp, of 

Temp, when 


Composition 

initial 

slight ionisation 

Mixture with air. 

(% by vol.). 

combustion. 

first observed. 

Carbon monoxide.. 

48-5 

465° 

500° 

»> »> ... 

9*0 

460 

460 

Carbon monoxide and hydrogen 1 Sj j 

430 

430 

Hexane . 

5 

350 

650 

Ethyl ether . 

10 

173 

400 


In no case was ionisation observed below the temperature of 
initial oxidation, i.e., when aldehydes were first detected, and usually 
only slight ionisation was observed at higher temperatures even when 
oxidation was extensive. This delay might appear to throw some 
light on the mechanism of chemical reaction during the combustion 
of hydrocarbons. The scission of the oxygen molecule into atoms 
would probably result in profuse liberation of electrons so that 
hypotheses of oxidation and combustion at moderate temperatures 
which involve this atomic separation (e.g., the hydroxylation theory) 
are not so convincing as those in which the oxygen molecule is 
regarded as being incorporated as a whole, i.e., when 0 = 0 becomes 
— 0 — O — in the formation of peroxides from hydrocarbons: 

E-CH S + 0 2 -> R-CH 2 -OOH; >C:C< + 0 2 = 

The formula i = §T a er$ T (where # = !,{, or 2; i = current; 

T = temperature; and 6 and 4> are constants) satisfies cases of 
thermionic emission, ionisation in flames, and ionisation in liquid 
drops-air systems during slow combustion, since in each case, within 
the limits of experimental error, all points plotted with axes (log 
V— a log T) and 1/T fall on straight lines (Bennett, he. cit.). 

The rate of chemical action, dcjdt, is expressed by the above 
equation if a = \ and i ~ dcjdt. Richardson concluded that since 
in the case of chemical action differs from that in the case of 
thermionic emission the emission cannot be due to chemical action, 
but Brewer (he. cit.) has now accounted for this difference. ,, i 
In the light of these conclusions it seems probable that the pup, 4 

■ v w '• 
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cesses occurring at the beginning of and during combustion are (a) 
a thermionic emission and (b) the formation of centres of chemical 
change from ions as soon as they are liberated (compare Lind and 
Bardwell, J . Amer. Chem. Soc., 1926, 48, 2335). 



Action of Iron Carbonyl , Lead Tetraethyl, Aniline , etc., on Slow 
Combustion and Ionisation. 

The presence of iron carbonyl, lead tetraethyl, etc., even in small 
quantities, exerts a great influence on slow combustion, delaying 
spontaneous inflammation and altering the temperature at which 
appreciable combustion begins. Some results are given in Tables 
IV and V. 

Table IV. 


The influence of lead tetraethyl and iron carbonyl on spontaneous 


ignition temperature. 
Substance, spray in air. 

m-Xylene ....... 

„ plus 0-3% (vol.) lead tetraethyl . 

« » 0-5% (voL) lead tetraethyl .......... 

■V ,» 1*0% {vol.) iron carbonyl............. 

»-Bufcyl alcohol ................................i... 

„ „ plus 1% (vol.) lead tetraethyl .... 


Spontaneous ignition 
temp. 

610° 

650 

688 

700 

635 t 
687 
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Table V. 

The influence of iron carbonyl, lead tetraethyl, etc., on chemical 
change and ionisation during slow combustion. 

Temp, of initial 

Substance. combustion.* Ionisation. 

Undecane, spray in air .. 200° Very slight at 275°. 

„ plus 0*2% iron carbonyl 238 Not detected until 330°. 

„ „ 0*5% lead tetraethyl 305 Less than with undecane 

alone, below 350°. 

„ »t 20% m-toluidine . 248 The same as with un¬ 

decane. 

„ „ 20% m-xylidine . 275 „ „ „ 

„ ,, 20% m-cresol . 310 Not detected until nearly 

400°. 

„ „ 20% carbon disulphide 230 „ „ „ 

* J.e., as measured by the appearance of aldehydes. 

The action of iron carbonyl, lead tetraethyl, and other “ anti¬ 
knockers ” appears to be the inhibition of peroxide formation during 


Tig. 2. 



the period of slow combustion (Callendar, loc. cit.) } and although 
below a temperature of about 400°, iron carbonyl and lead tetra¬ 
ethyl reduce the rate of chemical change, yet at higher temperatures 
there is a higher yield of water and carbon dioxide. This is shown 
in Table VI. 

It will be seen from Fig. 2 that the ionisation curves for a very 
rich mixture of hexane and a spray of undecane containing iron 
carbonyl cross those for the “undoped ” fuel, indicating that the 
initial decrease in chemical change is accompanied by a decrease 
in electron emission, whilst increased ionisation at higher temper¬ 
ature results from increased combustion, probably at the surface 
of the metal particles produced by the thermal decomposition of 
the metallic compounds. , v M 
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Table VI. 

The influence of lead tetraethyl on the quantity of carbon dioxide 
in the oxidation products of n-hexane at different temperatures. 

% CO a in oxidation products, 

--" . -N. 

Temp. without lead tetraethyl, with about 0-25% lead tetraethyl. 
265° Trace Nil 

300 2*1 Trace 

400 1*9 3*3 

Experiments with hydrogen, and with hydrogen-air, hexane-air, 
coal-gas-air, and acetylene-air mixtures, with and without puffs 
of iron carbonyl, lead tetraethyl, and nickel carbonyl, were made 
at temperatures up to 600°, and usually the addition of the organo- 
metallic compound was found not appreciably to increase ionisation. 
By a special device, only a trace of iron carbonyl, etc., was allowed 
to enter the stream of gases, and then only for a few seconds while 
the reading was being taken. With carbon monoxide-air mixtures 
there was a rapid movement on the galvanometer scale as the 
“ doped ” gas mixture passed across the electrodes, followed by a 
return to the normal reading after the puff had passed. The fouling 
of the electrodes and tube caused much difficulty in measuring the 
ionisation, and they had frequently to be thoroughly cleaned during 
the experiments. 

The mixture (67% CO + 33% H 2 )-air gave very striking results. 
As a puff rich in iron carbonyl was passed through the combustion 
tube at 500° along with the mixture, the current passing between 


the electrodes 

increased approximately 

2000-fold. The actual 

readings were: 

Galvanometer 


Temp. 

displacement (mm.). . 

Remarks. 

430° 

3 

Without Te(CO) 5 , 

500 

25 

»» » 

500 

450 (with shunt, 100) 

With Fe(CO) fi . 

500 

35 

After passage of puff. 


It will be noticed that (I) after the puff had passed through the 
tube the conductivity decreased to its former order of magnitude, 
(2) there was a slight persistence of increased conductivity, (3) the 
galvanometer reading did not increase suddenly, but at first it moved 
gradually and then rapidly accelerated till, when the spot had 
reached the end of the scale, its velocity was very great. The state 
of ionisation tends to remain unchanged. 

Some typical results with tile less effective mixtures are given in 
Table VTI. v 

A mixture of air and iron carbonyl was passed through the com¬ 
bustion tube and did not cause any movement of the galvanometer. 
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Table VTC. 

Galvano- 

Sfcrength meter dis- 

of placement 

Mixture. mixture. Temp. (mm.). Remarks. 

CO plus air . Weak 520° 0 — 

„ .. „ 600 2 — 

„ .., 560 2 With lead tetraethyl. 

99 99 . 99 600 7 „ „ >t 

Hydrogen-air ... Rich (336 —650) 0 — 

Iron carbonyl ... „ „ 0 ; — 

Hydrogen plus air 50% (525—600) 0 — 

„ n „ „ 2 With lead tetraethyl. 

„ „ „ „ 5 With iron carbonyl. 

„ „ 10% (450—570) 40 With lead tetraethyl. 

Coal-gas-air . 50% 610 10 — 

„ „ . „ „ 20 With iron carbonyl. 

Acetylene-air ... Weak (150—470) 0 — 

„ „ ... „ 470 1 With nickel carbonyl. On 

„ M ... „ 500 — addition of iron carb¬ 

onyl, temp, of electrodes 
rose suddenly to 800° 
and mixture exploded. 


The addition of a puff of the hydrogen-carbon monoxide mixture 
increased the conductivity to a high degree, as described before* 
The temperature was not increased by the puff and it must therefore 
be concluded that the ionisation was due to chemical change. 

The characteristic action of lead tetraethyl and iron pentacarbonyl 
on the slow combustion of the gases mentioned was to delay spon¬ 
taneous ignition and to lower the temperature at which slow com¬ 
bustion began by 50—100°. However, at 600° the amount of 
oxidation of carbon monoxide was not appreciably affected by the 
presence of small amounts of these substances. 

These investigations are published by permission of the Director 
of Scientific Research, Air Ministry. 

Am Ministry Laboratory, [Received, May 18tfi, 1927.] 

Imperial College of Science and Technology, S.W. 7. 

NOTES. 

PregVs Universal Filling applied to Macro-combustions. By 

William Davies. 

The filling used in Pregl’s method (“ Die Quantitative Organische 
Mikroanalyse,’* 1923) of carbon and hydrogen determination has now 
been applied successfully on a macro-scale, and as such a universal 
filling has many advantages, the method is briefly indicated. 

An ordinary combustion tube of about 1*2—1*5 cm. internal 
diameter and 95—100 cm. long is used. A plug of silver wool or 
silver gauze (1*5 cm.) precedes the filling of mixed copper oxide (wire 
form) and lead chromate (about 43 cm.); this is followed by a 
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silver wool and asbestos ping (2*5 cm,), and finally by a filling of lead 
peroxide asbestos (about 13 cm.). The last is prepared after Pregl 
(op. cit., p. 29), but the thorough drying of this material on a large 
scale offers some difficulties, for the temperature at which the 
peroxide begins to decompose is somewhat uncertain (100—290°; 
see Mellor, “ Treatise on Inorganic and Theoretical Chemistry,” 
Vol. VII, p. 687); that used in these experiments was dried in bulk 
at 200° for 4 hours, then spread out in shallow vessels and dried for 
8 hours over calcium chloride at 100° under less than 30 mm. pressure, 
and finally heated before use for 3 hours in a rapid stream of air in 
the combustion tube at 180°. Even after this treatment a trace of 
moisture was still left, and the first value for hydrogen with a new 
tube was apt to be slightly high. The lead peroxide in the com¬ 
bustion tube is heated by a hollow boiler (15 cm. long and with a 
hole of 2*5 cm. diameter) made of brazed copper and is modelled on 
Pregl’s “ Hohlgranate.” The “ Kupferbugel 55 is best in the form 
of an almost cylindrical piece of copper (5 cm. long) which practically 
surrounds the combustion tube and is connected round the middle 
to the copper boiler by means of a thick copper rod. The boiler 
requires about 50 c.c. of liquid, and technical o-dichlorobenzene, 
b. p. 177—181° (corr.), is used. The furnace end of the boiler is 
provided with an asbestos ring which fits closely round the combustion 
tube, and the portion of the combustion tube in the boiler is loosely 
packed with asbestos. (Eor the construction of these boilers the 
author is indebted to Mr. J. L. Osborne.) 

Owing to the much larger contact surface presented by the macro- 
as compared with the micro-filling, the Mariotte flask adopted by 
Pregl is discarded. Soda-lime and calcium chloride are used both 
in the purifying train and in the absorption tubes. The combustion 
is carried out in the ordinary way, care being taken not to heat too 
strongly that portion of the furnace immediately before the copper 
boiler. The silver filling and lead peroxide asbestos suffice for 
about 10 combustions. 

The method has been thoroughly tested for many types of sub¬ 
stances, including those containing halogens and sulphur, and both 
amino- and nitro-groups; representative analyses for such sub¬ 
stances are: Chlorobenzene-2 :4 : 6-trisulphonyl chloride (Found : 
C, 17-7, 17-7, 17*5; H, 0*9, 0*7, 0*6. Calc.: C, 17*6; H, 0*5%). 
Acetanilide (Found : C, 70*9, 71*1; H, 6*6, 6*5. Calc.: C, 71*1; 

6*7%). _p-CMoromtrobenzene (Found ; 0, 45*6, 45*5, 45*5, 45*8; 
H, 2*5, 2*5, 2*4, 2-6. Calc.: C, 45*7 ; H, 2*5%). 2:4-Dinitro- 
toluene {Found: C, 46*2, 46*0, 45*9; H, 3*2, 3*4, 3-4. Calc.: C, 
46-1; H, 3-3%). Fieryl chloride (Found : C, 29-1, 28-9, 29*1; H, 
1*2, 0*9, 0*9. Calc.: C, 29*15; H, 0*^^ 

[Meeeimi r September 1^5?, 1927.} 
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jThe Electroendosmosis of Agueous Solutions through Glass 
Diaphragms. By Horace Charles Hepburn. 
Fairbrother and Varley (this vol., p. 1584) have measured the 
electroendosmosis of dilute hydrochloric acid through a diaphragm 
of sintered Jena c< Gerate ” glass powder, and their results lead them 
to conclude with Lachs and Kronman ( Bocz . Chem., 1926, 6, 641) 
that the interfacial equilibrium between glass and aqueous solutions 
is not a true one, but changes with time. They give the results of 
two series of electroendosmotic determinations with dilute hydro¬ 
chloric acid, the second series consisting of a repetition of the first 
series after the diaphragm had been “ carefully cleaned/ 5 In each 
series, the results were “ quite concordant among themselves,” but 
the electrokinetic potential was throughout less negative in Series II 
than in Series I. No reference is made to the lowering of electro- 
kinetic potential produced by given concentrations of hydrochloric 
acid; when this factor is considered, however, the two series of 
results show a remarkable similarity. The lowering is given by 
£ 0 —Co where Co and ( c represent the electrokinetic potential at con¬ 
centrations zero and c, respectively; and values for Co—Co obtained 
from Fairbrother and Varley’s results, are given in the subjoined 
table. It will be observed that, except in the case of the most dilute 
solution (where the potential lowering is small and the value is 
affected to a greater extent by experimental error), the two series of 
values are in satisfactory agreement. 

Lowering of electrokinetic potential (volt). 


Solution. Series I. Series II. 

A77500Q-HC1 0-0041 0-0075 

N /1250-HC1 0-0113 0-0111 

N /400-HCi 0-0163 0*0169 

N1 100-HC1 0-0310 0-0309 


Thus, contrary to the view of Fairbrother and Varley, there 
appears to be little indication from these results of any change in the 
effective size of the diaphragm pores corresponding to a progressive 
swelling process at the glass surface; on the other hand, it seems 
probable that these authors, in the process of cleaning their dia¬ 
phragm, failed to remove the last traces of adsorbed electrolyte. 
The difficulty in bringing a diaphragm back to its original state 
after treatment with an electrolyte solution has been referred to 
by Freundlich and von Elissafoff (Z. physiJcal. Chem., 1912, 79, 
385), who found, in some instances, that repeated treatment with 
concentrated nitric acid was necessary; similar treatment of a 
diaphragm of powdered glass, however, introduces the difficulty of 
removing the final traces of acid by washing with water. Fair- 1 ' 
brother and Varley were able to reproduce the value of £ obtafe^|v; 
in the initial determination with water by treating the diaphra^p^ 
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with nitric acid, but subsequent determinations with dilute hydro¬ 
chloric acid gave results deviating from the original values. 

The author ( Proc . Physical Soc., 1926, 38, 363; 1927, 39, 99) has 
surmounted the difficulty in bringing a diaphragm back to its 
original state after treatment with an electrolyte solution by em¬ 
ploying an entirely fresh diaphragm for each series of observations. 
When this procedure was followed, it was possible to obtain con¬ 
cordant results in determinations made at intervals over a period of 
several months.—B irkbeck College (University oe London), 
[Received, September 2nd, 1927.] 


The Use of Hydrogen Peroxide for Iodine and Other Substitutions in 
Aromatic Compounds . By James Ernest Marsh. 
Hydrogen peroxide may be used to facilitate substitutions. For 
example, a solution of phenol in alcohol with the calculated quantity 
of iodine is warmed and hydrogen peroxide (30%) is added, the 
colour of the iodine gradually disappears, and 2:4: 6-tri-iodophenol 
crystallises. Similarly (3-naphthol yields 1-iodo-p-naphthol in quanti¬ 
tative amount. 

It is not necessary to start with iodine in the free state. When 
phenol is dissolved in glacial acetic acid, the requisite amount of 
potassium iodide added, and the solution heated, the addition of 
hydrogen peroxide brings about the quantitative separation of 
tri-iodophenol; replacement of the potassium iodide by a metallic 
bromide gives tribromophenol, and replacement by hydrochloric 
acid gives trichlorophenol. 

The thiocarbimido-group can be introduced as follows : Dimethyl- 
aniline and potassium thiocyanate in molecular proportion are 
dissolved in glacial acetic acid and hydrogen peroxide is added 
gradually. The solution becomes hot and, on cooling, the com¬ 
pound C 9 H 10 N 2 S crystallises. It may be recrystallised from 
alcohol and forms colourless plates, m. p. 73° (Found; 0, 61*0; 
H, 5*7; N, 15*7; S, 18*3. Calc.: C, 60*6; H, 5*6; N, 15*7; S, 
18*0%). This compound was obtained by Sdderback (Annalen, 
1919,419,275) by the action of an ethereal solution of thiocyanogen 
on dimethylaniline. It is probable that it is not a simple thio¬ 
cyanogen derivative of dimethylaniline, but that it is identical with 
the compound which Schmidt synthesised (Ber., 1906, 39, 2409) by 
the action of nitrous acid on the condensation product of formalde¬ 
hyde with as-dimethyl-p-phenylenediaminethiosulphonie acid, and 

Q 

to which he assigned the constitution NMe 2 ’C 6 H 3 <C-^^CH.— 
TJotvbesity Museum, Oxford. [Received, October 28th, 1927.] 
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ARTHUR WILLIAM CROSSLEY. 

Born February 25th 1869: Died March 5th 1927. 

Arthur William Crossley was bom at BentcMe, Accrington, 
on February 25th 1869. His father, Richard Crossley, was a man 
of unusual qualities who after returning from America with ample 
means and losing the greater part, moved into Accrington in 1864 
to make what amounted almost to a fresh start as manager to the 
firm of F. W. Grafton & Co., well known as calico printers. If 
Crossley owed his quiet, reserved disposition to his father, his 
tenacity and resolution were inherited from his mother, a Bissett of 
Aberdeen and a woman of remarkable energy and force of character. 
Of his boyhood little of interest can be recalled: it seems to have 
been uneventful and happy. From preparatory school he went in 
1881 to Mill Hill—chosen for its nonconformist tradition—where he 
stayed until Easter 1885. The next three months were spent in 
Paris. In the following October he entered Owens College, but 
owing to an illness which caused the loss of a year, he did not obtain 
his Honours degree of B.Sc. until 1890. 

After a session spent in Professor (now Sir Arthur) Schuster’s 
laboratory, which led to the joint publication of a paper on the 
electro-deposition of silver (Proc. Roy. Soc., 1892,50,344), Crossley 
went to Emil Fischer at Wurzburg in October 1891, stayed there 
until Fischer was translated to Berlin in succession to A. W. von 
Hofmann in the autumn of 1892 and remained with him in Berlin until 
the Christmas of that year. Before leaving Wurzburg the degree 
of Ph.D. was conferred on him for his thesis entitled “ I., Ueber die 
Oxydation einiger Dicarbonsauren; II., Ueber das optische Ver- 
halten des Dulcits und seiner Derivate.” 

Returning to Owens College early in 1893 to undertake research 
work with W. H. Perkin, junr., he was elected to a Bishop Berkeley 
research fellowship in the following year and became President of 
the College Union, revealing in the conduct of its affairs thorough¬ 
ness and a sanity of judgment that later came to.be recognised as 
characteristic. This admittedly was one of the happiest periods of his 

3165 . 5o2 
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life: he widened his social circle, was an aetivemember of many college 
societies and, freed at last from the tyranny of examinations, gave 
regular hours to the cultivation of his singing voice—a baritone of 
fine quality and wide range. But for its uncertainty, he might 
have chosen the concert platform as a career rather than chemistry 
which, until devotion to experimental work came to possess him, 
was more his father's choice than his own. In April 1895 he was 
appointed teacher and demonstrator in physics and chemistry at 
St. Thomas's Hospital Medical School, where he succeeded Pro¬ 
fessor (now Sir Wyndham) Dunstan as chemical lecturer and 
consulting chemist in October 1900. Four years later he became 
Professor of Chemistry at the Pharmaceutical Society's School of 
Pharmacy, Bloomsbury Square. As the outcome of Crossley's 
research work at Owens College, two papers were published jointly 
with Perkin, the first in 1894 under the title “ Substituted pimelic 
acids," (J., 65, 987) and the second in 1898, nearly three years after 
his departure from Manchester, entitled ct Decomposition of cam¬ 
phoric acid by fusion with potash or soda," (J., 73, 1). Dihydro- 
camphoric acid, one of the products mentioned in the second 
paper, was the starting point of the series of investigations which 
occupied his attention until the outbreak of the War and led 
to the publication of some 40 papers in the Journal. With 
some of the early communications from St. Thomas's Hospital, 
the late Dr. H. R. Le Sueur was associated and in many of 
those from the School of Pharmacy, Miss Nora Renouf was his 
collaborator. 

The earliest papers of the series dealt with attempts to synthesise 
aa^p-tetramethyladipic acid on the assumption that dihydro- 
camphoric acid had that constitution. Of the intermediates 
examined, 1:1:2-trimethyldihydroresorcin, obtained for the 
purpose by the condensation of mesityl oxide and ethyl sodiomethyl- 
malonate, and 1:1-dimethyldihydroresorcin, its lower homologue, 
which had been made slightly earlier by Vorlander, proved so 
unexpectedly reactive that the original quest was abandoned. In 
its place, the detailed study of these hydroaromatic compounds 
and of their reduction, halogen and ketonio derivatives was pursued 
with ardour, leading as it did to the production of o-xylene deriv¬ 
atives by the migration of one of the members of the ^em-dimethy 
group. 

In the papers many indications of the care taken to check the 
occurrence and course of these transformations can be found. These 
led incidentally to the production of mono-, di- and tri-nitro-o-xylenes 
and to the preparation of all the isomeric forms of these substances. 
Further j a contribution to the loosening eflect of nitro-groups 
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situated in the ortho - or para-position relatively to a given nitro- 
group arose out of the conversion of certain trinitro-o-xylenes into 
dinitro-o-xyhdines by interaction with ammonia. And the emer¬ 
gence of halogenated o-xylenols in the later stages of the investig¬ 
ation showed the interest of the subject to be far from exhausted, 
when the War brought the work to an end. 

Much attention was paid to the exact characterisation of hydro¬ 
carbons of the di-, tetra- and hexa-hydrobenzene series isolated in 
the course of the work, as troublesome obstacles were encountered 
owing to the frequent occurrence of mixtures of isomerides, closely 
s imil ar in properties, in the synthetical products. As serving to 
connect these products with camphor and the terpenes, the syn¬ 
thesis of isolaurolene and of cycloge raniolene may be noted. From 
the manner in which each experimental difficulty was attacked and 
solved, the whole investigation affords a good example of the art of 
scientific discovery. 

It was especially during his tenure of the Chair at the School of 
Pharmacy, which lasted from 1904 to 1914, that Crossley found 
scope for the exercise of those qualities of organisation, tact and 
driving power which later were to be of inestimable service to 
the State. To him fell the completion of the scheme initiated by 
his predecessor for remodelling and re-equipping the Chemistry 
Department, aided as he was by the cordial co-operation of the 
veteran Michael Carteighe who, far-seeing and insistent, laboured 
to the end of his life for the advancement of the scientific side of 
pharmacy. 

In his inaugural address at Bloomsbury Square, Crossley made it 
clear to the students that in his view pharmacy is ee a great applied 
science 55 and also “a great profession” (Pham. J., 1904, 73, 
497). Imbued with this conception of the dignity of their calling, 
he set them a high standard of duty by the conscientious performance 
of his work as professor. No external interest, not even the fascin¬ 
ation of research, was allowed to interfere with his weekly tour of the 
laboratory or that personal contact with each student to which he 
attached the utmost importance. But it was in lus research 
laboratory—a curious, octagonal room, by no means well lighted or 
equipped for advanced work—that his devotion to chemistry found 
its outlet. There, too, by his example he inculcated thoroughness, 
careful observation and an ordered use of all laboratory hours, and, 
always open to suggestions or ideas from his fellow workers, be 
never failed to show appreciation of their share in bringing a 
research to a successful conclusion. 

Naturally, all through this period, Crossley looked to a University 
Chair as his ultimate aim. When, therefore, he was appoiai|i& 
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Professor of Organic Chemistry in King s College, London, in 
June 1914, the wider opportunities for teaching and research that 
he coveted seemed at length to be his. But Pate willed otherwise. 
Within little more than a month, the Great War broke out and—save 
that he gave lectures during the session 1914/15 and returned to 
the College for a few months after the Armistice—his work as a 
Professor was done. Henceforward his energies were to be absorbed 
first in the country’s defence and later in the effort for reconstructing 
industry that has followed the Peace. 

Never one to wait, in an emergency, for employment fitting his 
attainments, Crossley in the earliest days of the War cheerfully 
undertook arduous clerical work as a volunteer in the War Office 
under Colonel (now Sir John) Pringle who was engaged in organising 
railway transport for troops in the Home Defence, Eastern Command 
and London District areas. Then, after aiding in the large-scale 
production of salvarsan under the name kharsivan, he became 
secretary of the War Committee appointed by the Royal Society to 
organise the production in universities and kindred institutions of 
local anaesthetics such as novocaine and p-eucaine and of other 
drugs hitherto obtainable only from enemy sources. 

The bitter cry for shell in the spring of 1915 led to the establish¬ 
ment of the Ministry of Munitions. Of its Departments, that dealing 
with Trench warfare had for one of its functions the provision of 
all material required for the offensive in chemical warfare, rendered 
necessary by the introduction of gas as a weapon by the Germans on 
the western front on April 22nd of that year. As part of the 
organisation, two Committees termed Scientific Advisory and 
Commercial Advisory were set up in June * and of each Crossley was 
appointed secretary. The early days of chemical warfare were for 
him full of anxiety and incessant toil. The Scientific Advisory 
Committee sat almost continuously during each day; at night 
steps had to be taken to carry into effect its decisions, Crossley, 
as secretary, stood between the military in urgent need of new 
weapons the nature of which, perforce, they could not describe, and 
the Advisory Committee, faced with utterly new problems vitally 
important but requiring time, of which there was all too little, for 
their solution. In these early days, the contact between those in 
the fighting line and those working at home to provide the sorely- 
needed ohemical weapons was small. To enable the latter to form 
some conception of the conditions at the front, Crossley was 

* The Scientific Advisory Committee was a body of distinguished scientists 
charged with the duty of devising and investigating methods of prosecuting 
chemical warfare, the Commercial Advisory Committee a group of leading 
men in the British Chemical Industry in a position to advise upon and assist 
in*the production of the necessary chemical materials. 
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given the additional appointment of Liaison Officer for Chemical 
Warfare in November 1915 with the rank of Lieutenant-Colonel 
and in this capacity made several visits to the battle areas in 
France, 

Only slowly did the authorities at home realise that for the 
successful development of chemical warfare it was essential there 
should be available a large experimental ground where trials could 
be carried out on a scale approaching that of actual warfare. Space 
was required for testing under varying meteorological conditions 
both the methods of producing and the lethal or visual effects of 
toxic “ gases 55 and smokes distributed from cylinders, by artillery 
fire, or otherwise. Eventually a large tract of bare land was 
acquired at Porton, east of Salisbury, and to Crossley in June 1916 
was entrusted the task of converting it into a suitable experimental 
ground, of staffing and equipping it and of supervising the experi¬ 
mental work undertaken at the instance of the Army or the Com¬ 
mittee. Thereupon, he ceased to be secretary of the Committee,* 
but was retained as a member and also as liaison officer. 

How great the difficulties were and how he overcame them may 
be understood at least in part from the following appreciation 
most kindly furnished by Lieutenant-Colonel (then Major) R. M. 
Rendel, R.A., a regular officer who served under Crossley for two 
years—for the first three months as his adjutant and afterwards as 
one of his experimental officers. 

“ When Crossley arrived at Porton he found two small Army huts, 
each 30 feet by 15 feet, in the middle of Salisbury Plain, with no 
roads leading to them, no water, and no equipment of any kind. 
He was, with the exception of one subaltern R.E. and one warrant 
officer, quite alone. His first move was to get himself appointed to 
the military command of the Experimental Station; his second to 
collect the nucleus of a staff, By the end of June he had a chemical 
laboratory running in one of his Army huts, and by the end of the 
year detachments of Artillery and Engineers under their own 
officers had been posted to the Station. He was now in a position 
to begin the preliminary experiments, which were necessary for the 
solution of the hundreds of questions that had to bo answered 
before the British Armies in the field could undertake chemical 
warfare. 

“ It would take too long to sum up the work done by Crossley 

* The Scientific Advisory Committee was modified and re-named in 
successive reorganisations. Eventually it became the Chemical Warfare 
Committee, a body of enlarged constitution responsible for scientific investi¬ 
gations on the defensive as well as the offensive side of chemical warfare# 
Throughout its transformation and afterwards, Crossley continued to be a 
leading member, . • |f 
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during his two and a half years at Porton. It is doubtful whether 
anyone realises the immense volume of work actually achieved. 
Crossley himself wrote a summary for the War Records, a copy of 
which is filed at Porton, but it is both much too long and much too 
official to reproduce here. It may be of interest, however, to 
consider that at the time of the Armistice, little over two years after 
the beginning of the Experimental Station, Porton was staffed by 
47 officers, 700 N.C.O.’s and men and 800 civilian workmen. Of 
the 47 officers roughly half were trained scientists, principally 
chemists and physiologists, several of them very eminent men. 
The two original Army huts had been replaced by large laboratories, 
workshops, gunsheds, magazines, barracks and canteens. Per¬ 
manent roads were in existence over the ground; telephones, 
electric light, and water had been laid on. Large stores of shell, gas 
and so on, were situated on the ground and about 40 pieces of 
ordnance of all natures, from 9*2 howitzers downwards, and trench 
mortars of every description, were under Crossley’s command. 
Over 40,000 rounds of ammunition had been fired, thousands of 
experiments had taken place and some of the results of Crossley’s 
work had been embodied in over 800 reports. Chemical warfare 
was already highly developed. 

“ During those two years or more, from the moment Crossley 
came to the Station, work was carried on all day and during most of 
the night. Such was his driving power that lack of facilities never 
seemed to matter. It was one of Crossley’s outstanding merits that, 
although he himself fully realised the difficulty of working without 
proper tools, yet he never allowed the lack of them to become an 
excuse for doing no work. 

“ Apart from the fact that it was wartime, work at Porton was 
carried on in a very pleasant atmosphere. There were no jealousies 
or bickerings between those engaged on the experiments. What¬ 
ever the differences of opinion between individuals, once a report 
had been issued it was always accepted as the official Porton view. 
It was always signed by Crossley, unless it were purely physiological, 
so that the Station did actually achieve an entity of its own. If 
reference were made to Porton, whether as regards some chemical 
question or as regards the functioning of a particular fuze, the reply 
was the Porton reply, the opinion the Porton opinion, the work was 
the work of Porton and Crossley signed the report. The physio¬ 
logist was proud of the work done by the chemist, the che mis t 
recognised the achievements of the gunner. A most valuable 
corporate feeling was thus created; it was entirely due to Crossley, 
and it was only possible because, while he always took responsibility 
for all that was said or done, he never took to himself credit 
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which was really due to others. All his staff were well aware 
of this. 

“ TTift position as commanding officer was a very real one. He 
was in actual military command of nearly 1,000 men, almost every 
one of whom had more military experience than he had. The type 
of man serving at Porton during the War was very good, but it is 
certainly to the credit of Crossley that serious military crime, both 
during the War and after the Armistice, was non-existent at Porton. 

“ He was the most hardworking of men. Sometimes severe, 
he very seldom praised; but he was absolutely fair-minded and all 
the time he was at Porton I never heard him criticised by any one 
of his staff. We were all devoted to him. Crossley was the best 
Co mm an ding Officer I ever served under.” 

In September 1918, Crossley was appointed Daniell Professor of 
Chemistry and Director of the Chemical laboratories in King’s 
College on the resignation of Sir Herbert Jackson, and after de¬ 
mobilisation returned to the college in October 1919. In common 
with many of those engaged in the big enterprises of the War, he 
found the routine of post-war days irksome, although with un¬ 
diminished vigour he set him self to rebuild his department and 
revive academic research under the difficult conditions then pre¬ 
vailing. Soon the call came to him to undertake the organisation 
of the British Cotton Industry Research Association founded by 
the Lancashire cotton trade with the co-operation of the Depart¬ 
ment of Scientific and Industrial Research. Appointed Director 
on November 4th 1919, and leaving King’s College in March 1920, it 
was on his recommendation that the house at Didsbury, now known 
as the Shirley Institute, was purchased. While it was being adapted 
to its new use and extended by the erection of a large block of 
laboratories and workshops, a beginning was made with cotton 
research in laboratories lent for the purpose by the University and 
by the Technical College in Manchester. To the Institute, the 
research staff was transferred early in 1922, the buildings being 
opened formally by H.R.H. the Duke of York on March 28th of 
that year. By the autumn of 1926, the research staff (including 
those of its members engaged in the workshops) which in 1921 
numbered 28, had increased to 92 of whom 44 were university 
graduates. An account of some of the investigations in progress 
at the Institute formed the subject of a discourse given under the 
title “ Science and the Cotton Industry,” by the Director at the 
Royal Institution on Friday, January 23rd 1925. 

In the autumn of 1923, the initial period of association with the 
Department of Scientific and Industrial Research drew to its close, 
and, although little more than a year of normal working hadbeett 
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possible, the results were sufficiently encouraging to warrant a 
further grant of £45,000, spread over five years in a series of diminish- 
ing amounts, being made by the Department, on condition that the 
total annual income was raised to a minimum of £42,500. It was 
a source of much satisfaction to Crossley, and an unmistakable 
proof of confidence in his directorship that an industry hard hit as 
the cotton trade has been since the Peace, should shoulder the 
additional burden imposed by this condition, His aim was to make 
the Shirley Institute the brain of the chief industry of his beloved 
Lancashire, benefiting alike the cotton trade and all who depend 
on it for their living and prosperity. That, by his genius in 
planning and guiding research, he provided a sure foundation for 
ultimate success is evident from the review of the work of the 
Association to the end of 1926, recently published by the Shirley 
Institute under the title “ Research in the Cotton Industry.” Not 
improbably his work at Didsbury may come to be regarded as his 
best. 

Crossley served the Chemical Society in many ways. He was 
an abstractor during the three years 1897-99 and a member of the 
Publication Committee for a period of twenty years ending in 
March 1926. From 1906, when he became Honorary Secretary, 
he held office without a break until his death, becoming Honorary 
Foreign Secretary in 1913, President in 1925 and on his resignation 
of the Chair, Vice-President in 1926. 

The Annual General Meeting in 1926 was notable as being the 
first to be held out of London. Early in Crossley’s presidency, the 
Council decided to make the experiment of holding the ensuing 
annual meeting in a provincial city. Most appropriately, Man¬ 
chester was the city chosen, and the University the place of meeting. 
Crossley thus had the gratifying experience of occupying the Chair 
as President of the Society in the Chemistry lecture theatre in which 
he had sat as student under Roscoe and afterwards under Dixon, 
the latter of whom was present and took part in the proceedings. 
The presidential address was entitled “ The Co-operation of Science 
and Industry,” a subject constantly in his thoughts, to which he had 
also referred in a lecture on “ Science and Industrial Problems” 
at the Royal Institution on February 5th 1915. 

By nature Crossley was deliberate, but with his mind once made 
up resolute. Unfailingly courteous and genial to all in every relation 
of life, it is probable that comparatively few were admitted to the 
intimacy of his friendship. His recreations were typical: he 
played lawn tennisin his student days and golf later in life, but in 
billiards and fly-fishing—the latter absorbing entire holidays before 
the War—he found an abiding source of pleasure. To his culti* 
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rated taste books, of which at one time he was an eager collector, 
music and the theatre, made a strong appeal. Without being 
robust he enjoyed good health until the effect of the strain of the 
War years began to manifest itself. A voyage to Madeira in the 
May of 1925, after he had succeeded to the Presidency of the Society, 
gave a temporary respite, but in the autumn he was less well and 
early in January 1926 sought to resign office forthwith on medical 
advice. By relieving him of all work requiring his presence in 
London, the Council of the Chemical Society rendered it possible for 
the resignation to be deferred until the Annual General Meeting in 
March, thus enabling him to complete one year of office. 

Before the s umm er was over, it was evident that his health was 
failing rapidly. Towards the end of the year he tendered his 
resignation of the Directorship of the British Cotton Industry 
Research Association, but by resolution of the Council remained 
nominally in office pending the appointment of a successor. This 
appointment had not been made and he was still Director when, on 
Saturday, March 5th, 1927, he died. 

Crossley received many honours : D.Sc. (Victoria University) 
1899; F.R.S. 1907; Hon. LL.D. (St. Andrews) 1917; C.M.G. 1917; 
Longstaff Medallist of the Chemical Society 1918; C.B.E, and 
Officier de la L6gion d’Honneur 1919. In 1901 he married Muriel, 
daughter of Ralph Lamb of Liverpool, who with their son and 
daughter survived him. It may be permitted to add that the son, 
Kenneth Harwood Crossley, to the grief of all who watched his early 
career and had recognised his ability, tenacity of purpose and 
faculty for endearing himself to all with whom he worked, was 
drowned in a sailing accident off Llanddwyn Island, Anglesey, on 
July 30th, in his 23rd year. W. P. Wynne. 


HILDYARD JOHN EGLINTON DOBSON. 

Born February 18th, 1902; Died March 28th, 1927. 

H. J. E. Dobson, in whom is lost a young physical chemist of high 
promise, was bom on February 18th, 1902, at St. Michael's Vicarage, 
Southfields, London, where his father, the late Rev. R. A. Dobson, 
M.A., was vicar for 25 years. His family had a definitely scientific 
connection, for his uncle, Major George E. Dobson, of Netley, was 
a Fellow of the Royal Society and was a personal friend of Charles 
Darwin and of Huxley. 

After nine years at school at Monkton Corabe, near Bath, Dobson 
entered University College, London, in 1919, as a student of science. 
During his undergraduate course fee showed great promisa lii^ 
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chemistry, sharing the Tufnell Prize, a coveted distinction in these 
laboratories. His honours degree, of an unexpectedly low class, 
was no index to his merit; and this he showed at once by the success 
with which, aided by the Department of Scientific and Industrial 
Research, he proceeded to tackle research at University College on 
problems of solubility and activity in aqueous solutions. Papers 
which were an outcome of this work were published in the Journal 
in 1924 and 1925; and these afford the first accurate data for the 
partial pressures of water in hydrochloric acid, and of both water 
and alcohol in aqueous alcohol. He made many invaluable improve¬ 
ments in the'technique of vapour-pressure work, of which that 
recorded in the Journal (1924,125, 1968) is only one instance. 

In October, 1924, he joined, by invitation, the staff of the then 
new chemistry school at Durham, as lecturer in physical chemistry. 
Here, in spite of an illness which postponed his beginning duty, he 
set about his new work with great zest and success. At the same 
time he carried on energetically his studies of solution, both theor¬ 
etically and practically; his originality of thought began to develop 
very markedly; and he has left a considerable volume of data and 
calculations which, if his health had allowed him to carry them a 
stage further, would undoubtedly have afforded a valuable contri¬ 
bution to physical chemistry. 

Dobson’s indomitable gaiety, gentleness, and enthusiasm, which 
he kept even during the long illness which proved fatal, won him 
affection from all his associates, both in the laboratories and in the 
college (Hatfield) of which he was a member at Durham. I. M. 


ALBEST HALLER * 

Born 1849,* Died 1925. 

Albin Haller, the eldest of a family of eleven, was born on March 
7th, 1849, at Felleringen, a village in the valley of Thann-Saint- 
Amarin and not far from Mulhouse. Prom the village school he 
passed to the higher primary school at Wesserling, and the spectacle 
presented by the large factories of this busy industrial centre 
undoubtedly stimulated his imagination, He wished to become 
an engineer, but, at the age of fourteen, was apprenticed as a car¬ 
penter in his father’s workshop. Two years later, however, as the 
result of a conversation with a pharmacist of Wesserling, he was 
brought into contact with his “ bon g6nie,” M. Aehille Gault, and 
this event altered the whole course of his life. Haller loved to 

* Based on Madame Ramart’s Notice in the Bulletin de la Bociiti chimique 
d& France. 



OBITFAKY NOTICES. 


3175 


recall the period between 1865 and 1870, from the day when he 
walked over the hill separating his native valley from Mulhouse in 
order to present himself at the house of his first teacher to the time 
of his gaining the baccalaur4at es sciences. M. Gault was quiok 
to appreciate the character and rare ability of his pupil; during 
three years the leisure which the direction of a laboratory allowed 
was devoted to Haller’s scientific education and he then became 
assistant to M. Gault’s brother, M. L6on Gault of Colmar, who 
instructed him in French and Latin. 

The Franco-Prussian war supervened and Haller volunteered at 
Belfort, but in the sorrowful year 1871 he lost his father and, choosing 
to remain in France, had perforce to leave his mother and all that 
he remembered on the other side of the frontier. At Nancy he 
rejoined M. Gault, who had come to found a pharmacy and now 
continued to assist Haller in preparing for pharmaceutical examin¬ 
ations. Soon the University of Strasbourg was installed at Nancy 
and Haller became in succession aide-pr6parateur (1872), pr6- 
parateur, and chef de travaux at the ficole Sup&rieure de Pharmacie. 
In 1879 he submitted his thesis for the doctorat es sciences and from 
this time his advancement was rapid, so that in 1885 he became a 
professor in the Faculty of Science of the University. In 1899 he 
was called to the University of Paris and proved to be a worthy 
successor of Friedel and of Wurtz, adding fresh lustre to an illustrious 
record by his numerous researches, by his inspiring teaching and 
especially by his ability to communicate something of his own 
enthusiasm to his students. Haller was an able and energetic 
organiser; in relatively early days he was the prime mover in the 
creation of the Institut Chimique in the University of Nancy (1890) 
and, later, of that devoted to the study of physical chemistry and 
electrochemistry (1897). He was throughout his career actively 
interested in the co-operation of science and industry, and not least 
among his many services to his country must be reckoned the 
important part which he played in developing the teaching of applied 
science in France. In 1908 he succeeded Berthelot as President 
of the Commission on Explosives, and both civil and academic 
honours were showered on the ardent patriot and distinguished 
savant. 

The scientific work of Albin Haller, extending over a period of 
fifty years, presents a striking example of the achievement that is 
possible when penetrating vision, amounting to intuition, goes 
hand in hand with remarkable powers of observation and sustained 
effort. It is impossible to give in a short space an adequate idea 
of the ground covered by Haller’s original memoirs (of which .them 
are nearly 250), but his researches in the camphor and phthalein 
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groups and on the elegant syntheses with the aid of sodamide must be 
briefly described or rather indicated. Subjects which cannot even 
be touched upon are, for example, Haller’s work on pseudo-acids, on 
alcoholysis and on optical rotatory power. 

The study of camphor and its derivatives was the object of 
Haller’s earliest researches and he never completely abandoned the 
subject, since even in 1925 certain of his collaborators were engaged 
in this fascinating field of enquiry. We owe to Haller the demon¬ 
stration that camphor is a ketone of the formula C 8 H. 

and he also effected the final stages in its synthesis. Haller treated 
sodiocamphor with cyanogen chloride and thus obtained cyano- 
CH’dsT 

camphor, C 8 H 14 <^^ , which could be hydrolysed with formation 

either of camphorcarboxylic acid or of homocamphoric acid, 
C 8 H 14 (CH 2 *C0 2 H)(C0 2 H), according to the experimental conditions. 
The familiar syntheses of the latter acid and of camphor from 
camphoric acid through camphoric anhydride and campholide are 
due to Haller. If we are to appraise these contributions to camphor 
chemistry at their true value it is necessary to recall that it was 
Haller himself who demonstrated that camphoric acid is a dicarb- 
oxylic acid; Friedel had suggested that it might be a keto-hydroxy- 
earboxylic acid and Ostwald, from a study of the electrical con¬ 
ductivity of solutions of the acid, was led to concur in this opinion. 
The preparation of arylidene and alkylidene camphors by the action 
of aldehydes or ketones on sodiocamphor was of importance not 
only because it proved that camphor contains the group •CO # CH 2 * 
but also because these substances were found to possess interesting 
optical properties and could be used as the points of departure in 
further syntheses. 

Haller devoted much attention to clearing up the relations 
existing between the isomeric bomeols, both natural and synthetic, 
characterising the former by the preparation of the related camphor, 
bromocamphor and camphoric acid. He concluded that the bomeols 
and isobomeols are stereoisomerides to be represented by one and 
the same structural formula. 

In order to avoid the partial reduction that occurs when sodium 
is employed in the preparation of sodiocamphor, Haller in 1904 
investigated the action of sodamide on camphor and found that the 
products of a smooth reaction were sodiocamphor and ammonia. 
Sodamide had previously been used in organic chemistry for different 
purposes by some chemists, for example, by Titherley, Freund, and 
Speyer and by Brohl, but in Haller’s hands it became a powerful 
auxiliary and new general synthetic methods were based on its use. 
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By* its means the formation of the sodio-derivatives of ketones is a 
general reaction (acetone and acetophenone giving rise chiefly to 
condensation products) applicable to all substances of the forms 
R*CO*CH 2 R' and R-CO-CHRR' and these sodio-derivatives may be 
brought into reaction with substances of various types. An im¬ 
portant application is the progressive alkylation of ketones by 
means of sodamide and alkyl bromides or iodides through such 
stages as R*CH 2 *COCH 2 R, R’CHR^CO’CHgR, CRR , 2 *CO*CH 2 R, 
CRRYCO’CHRR', CRRYCO*CRR' 2 . The substances of the penta- 
alkylated acetone type are obtained by operating in ethereal solution 
and of them only pentamethylacetone reacts with hydroxylamine, 
semicarbazide and phenylhydrazine. The substances of the hexa- 
alkylated acetone type are obtained by operating in an aromatic 
hydrocarbon medium and do not condense with the above-mentioned 
reagents for the carbonyl group. On the other hand, these heavily 
substituted ketones may be readily and quantitatively reduced to 
secondary alcohols and, moreover, the ketones Ph*CO’CR 3 , which 
are best prepared by Haller’s method from the mono- or di-alkylated 
acetophenones, form with ease both oximes and semicarbazones. 
Haller made important applications of the method to the alkylation 
of cyclic ketones such as cycfopentanone, cyclohexanones, menthone, 
thujone, camphor, and indanone. He also employed such sub¬ 
stances as trimethylene chlorobromide and thus obtained a series of 
S-chloro-alkylated ketones. The polyalkylated ketones and their 
derivatives have naturally been of great service to students of 
molecular rearrangement and the theoretical interest of the study of 
their reactions and properties is inexhaustible. 

Whilst carrying out experiments on the condensation of benzo- 
phenone and its derivatives with sodiocamphor (that is, camphor 
and sodamide) Haller noticed the formation of aromatic acids and 
amides. He was able to show that sodamide and benzophenone 
yield an additive product that is decomposed by water with the 
formation of* benzamide, benzene, and sodium hydroxide. This 
decomposition was then found to be general for ketones of the form 
R*COCR'R"R ,,/ , yielding either R»00-NH 2 and CHR'R"R'" or 
RH and CR'R /, R ,/, *CO*ISn5 2 according to the nature of the sub¬ 
stituents. A careful study was made of the circumstances governing 
the direction taken by the reaction and many interesting points 
emerged. Although there are exceptions, it was found to be a 
general rule that where the decomposition could yield an aromatic 
or an aliphatic acid amide, the latter course was favoured; e.g. } 
phenyl -butyl ketone yielded benzene and pivalamide ; 
Ph*COCMe 3 + NH 3 —^C e H e + CMe 3 *CO'3STH 2 . Especially impor¬ 
tant in view of the use which Bouveault made of the method in eoft- 
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nexion with the chemistry of fenchone and camphorone is the 
extension of the study of this decomposition in the group of the 
cyclic ketones. Haller showed that fluorenone is changed by 
sodamide (and subsequent treatment with water) into o-phenyl- 
benzamide. Similarly, 2 :2' -dimethylindanone yields phenyl- 
pivalamide, which, like many of the products of these reactions, is 
difficult to obtain in other ways. As a third example, selected from 
many, the decomposition of dialkylated camphors by sodamide was 
found to yield the dialkylcampholamides. 

Haller has also employed his method for the synthesis of certain 
pyrrolidines and tetrahydropyridine derivatives and in many other 
directions. 

Whilst he was still at Nancy, Haller, in collaboration with Guyot, 
made some extremely interesting studies of certain phthalein, 
phthalophenone and anthracene derivatives. These were connected 
with the establishment of the constitutions of chemical individuals 
and with the mode of occurrence and mechanism of such transform¬ 
ations as those represented below. 


SPHV^' $H 4 *NMe 2 



yy yCO-C 6 H 4 -NMe 2 


J 6 H 4 -NMe 2 


H 
■ ° 


leuco- Malachite-green. C 6 H 6 +2NMe a * C 6 H 4 * CO 2 K 

Haller obtained the chloride of o-benzoylbenzoic acid in a crystal¬ 
line condition and since it readily condensed with benzene in presence 
of aluminium chloride with formation of diphenylphthalide, he 
concluded that it should be formulated as phenylchlorophthalide. 
Another fruitful investigation was concerned with the preparation 
of o-(p-dialkylaminobenzoyl)benzoic acids and their conversion into 
the hitherto unknown dialkylaminoanthraquinones by successive 
reduction, cyclisation by condensation, and oxidation. Finally, by 
applying the Grignard reaction to anthraquinone, Haller made a 
long series of 9- and lG-arylated anthracenes and dihydroanthracenes. 


The illness which proved so rapidly fatal was provoked by a 
laboratory accident and thus, at the age of seventy-six, Haller was 
carried away whilst still actively engaged in experimental work. 
He had expressed a wish that the end might come in this way. 

Albin Haller was an inspiring and beloved teacher, a highly 
successful investigator of world-wide renown, and a great French¬ 
man, but he was also a man of fine character and as modest as he 
was distinguished. R. Robinson. 
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RUDOLPH MESSEL.* 

Born January, 1848; Died April, 1920. 

Rudolph Messel was the son of Simon Messel, a banker of Darm¬ 
stadt. He was the second of five children, of whom four were to 
make their homes in England; the fifth acquired great distinction 
as an architect in Berlin. He lost his father when 11, and shortly 
after was sent to a Huguenot school at Friedrichsdorf in the Taunus, 
where he remained until he was 15 years old. His schoolmaster, 
Philip Reis, was the inventor of the first telephone. Messel, in his 
Presidential Address to the Society of Chemical Industry in New 
York in 1912, makes reference to the fact that he “ assisted Reis 
in making the mechanical parts of some of his instruments and 
also repeatedly in his experiments, Reis being at one end of the 
circuit, speaking or singing, I listening at the other, or vice versa," 
About this time the family circumstances changed, and it was clear 
that Messel would have to become self-supporting at an early date. 
It was his intention to become an engineer, and in 1863 he discussed 
his further course of action with an old friend of his father’s, H. Rau, 
then living in Frankfort. Rau appears to have advised Messel to 
devote himself to the study of commerce which he said would 
rapidly lead to independence, and to combine with this the study of 
Chemistry, Physics and Technology, and so become a manufacturer. 
It is clear that Messel’s whole course of action was infl uenced by 
this letter, as not only did he keep it to the last among his rarest 
letters, but followed the advice it contained almost verbally. 

In April, 1863, he became apprenticed to E. Lucius in his whole¬ 
sale drug and chemical factory in Frankfort, and remained there 
until September, 1866, leaving to enter the Federal Polytechnic in 
Zurich, where he followed the regular first-year course. The 
following winter he spent at Heidelberg, studying physical chemistry 
under Erlenmeyer. He moved in the spring to Tubingen, where he 
finished his education, studying chemistry under Strecker, and 
continuing with him until April, 1870, carrying out work for which 
he obtained his degree. In April, 1870, he came to Manchester, 
originally to act as private assistant to Roscoe. 

He was recalled to Germany owing to the outbreak of the Franco- 
Prussian war, where he served as a stretcher-bearer in the army of 
the Loire and was wounded. When recovered, he returned to 
England, where he remained during the rest of his life and ultimately 
became an Englishman. 

He entered the service of Messrs. Dunn, Squire & Co., Stratford, 
as assistant to Dr. Squire. Shortly after, Squire formed 
* Reprinted, by permission, from the Proceedings of the Royal 
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Spencer Chapman the firm of Squire, Chapman & Co., and took 
Messel with him in his new venture. This change oocurred at a 
time when the growth of the synthetic dyestuff industry was threat¬ 
ened by the excessive price which was charged for fuming sulphuric 
acid, then produced by the old Nordhausen process in Bohemia. 
Squire decided to commence the manufacture of fuming acid. 

In his New York Presidential Address, Messel tells of a conversa¬ 
tion in the beginning of the 5 70’s with his former teacher Strecker, 
and Bruning of Hochst, on the importance of fuming sulphuric 
acid in the synthetic alizarin industry. To his question how the 
acid should best be made, Strecker gave the reply: “ That is a 
problem for you to solve.” A few experiments convinced him, he 
says, that, given pure gases, the catalytic action of platinum was 
. the rational solution of the problem. In April, 1875, a telegram 
came to him at the laboratory from Squire, asking him to read up 
that night about Nordhausen acid, as it was wanted by an Alizarin 
Works. The response was immediate and typical—no reading was 
necessary. Next day he showed how simple a matter it was to 
unite sulphur dioxide with oxygen by means of platinum. How¬ 
ever, Squire was conventional and thought that the decomposition 
of acid sulphate would be a simpler method. Experiments were 
made, as requested, but eventually Messel was told to try his dodge. 

Of the work that followed, no permanent record has been pub¬ 
lished, except in the form of Patents taken out by Squire in 1875. 
A year later, however, in April, 1876, Squire and Messel described 
and demonstrated the process before the Chemical Society. This 
paper was never printed, probably because of the Patent situation, 
but a paragraph in the “ Chemical News ” records the meeting. 
Messel treasured until his last days a document describing the 
experiments,* and the original platinum apparatus used was left by 
him in his will to his lifelong friend, Professor H. E. Armstrong, 

In his Presidential Address, Messel refers to the publication in 
October, 1875, by Winkler, of a process which was practically 
identical with his. Both investigators erred at that time in believ¬ 
ing that stoichiometrical proportions of the gases were the best to 
use, and the various similarities gave rise to unpleasant comment. 
In letters to Messel, however, Winkler freely acknowledges the 
independence of Messers work, and only regrets that he had deprived 
himself of the benefit of the invention by his publication. 

The process was established at Silvertown, and in 1878 Messel 
succeeded Squire as manager of the works, which he only quitted in 
1915, when his health gave way under the excessive strain of the 
times. The firm became Spencer, Chapman & Messel, Ltd., and the 
factory grew in size and importance* 
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Messel remained a bachelor and lived on the works. He was an 
indefatigable worker, and set a very high standard to all those who 
served under him. His sense of justice and sympathy, and the fact 
that he lived amongst them, gave him great popularity and power 
with his workpeople. 

In the early days of the industry, the value of the fuming acid was 
much greater than that of oil of vitriol and the most suitable mixture 
of sulphur dioxide with oxygen was made by decomposing the 
latter. As experience was gained, and the difficulty of condensing 
the anhydride was overcome, sulphur dioxide prepared by burning 
sulphur and ordinary air were used, and later, excess of air was 
employed largely as a result of observation by the foreman that the 
plant worked better under these conditions. 

It is a testimony to MesseFs remarkable insight that right at the 
beginning he obtained such a wonderful knowledge of all details 
of this catalytic process, subsequently developed on a very large 
scale and in great detail by Dr. Knietsch and his co-workers of the 
Badische Anilin und Soda Fabrik. 

Remarkable as Messel was as an industrialist, he was even more 
remarkable as a man. A man of astounding vigour and feeling, he 
had little thought for himself and a hatred of all display. He was 
essentially an artist, both in his extreme devotion to his own art of 
chemistry and in his love of the company of artists and other 
bohemians. He was everything—not only chemist, engineer and 
business man, but also took care to cultivate the social side of his 
life, and was almost the only manufacturer of his day who attended 
regularly at scientific gatherings and showed a real interest in the 
proceedings. His vigorous frame, black hair and sparkling eyes, 
his smiling face and peculiar guttural accent will remain in the 
memory of all who knew him. He never mastered English properly 
though he spoke it fluently. He was very fond of young people, 
many of whom rejoiced in his generosity. One of the most lovable 
of men, his outlook on life was always cheerful and optimistic. 
The example he set in leaving his fortune to science is a remarkable 
one and best proof of his considerate outlook. Honest and sincere 
himself, he hated insincerity and all meanness of spirit. 

He played an active part in many scientific societies, particularly 
the Society of Chemical Industry, of which he was Foreign Secretary 
for many years and President for 1911-1912—probably the only 
connection in which he showed vanity, but he was very proud also 
of his election to the Royal Society in 1912. 

His Presidential Address was written to show that science and 
industry are working hand in hand, and the importance of the 
results that such co-operation has produced, In discussing the 



3182 


OBITUARY NOTICES. 


education of a chemist, he stressed the fact that too early concen¬ 
tration on special subjects had a bad effect on the development of 
the power and habit of thinking independently and on the faculty 
of imagination in the student. He held that technique is very 
rapidly acquired in practice by one who has been scientifically 
trained. With Carlyle he said, “ He who has learned how to learn 
can learn anything, 3 ’ and the best system of education is the system 
which teaches each man how to educate himself. Gifted with his 
full share of enjoyment of the good things of this life, Messel never¬ 
theless led a life of great simplicity. His success was due, in the 
first place, to his thorough scientific training and scientific outlook, 
but in an exceptional degree to his moral attitude towards his work. 

He left four-fifths of his residuary estate to the [Royal] Society 
and the remainder to the Society of Chemical Industry. Without 
imposing any trust or obligation, he desired that the capital should 
be kept intact and the income applied to the furtherance of scientific 
research and other scientific objects. E. F. A. 


IRA REMSEN.* 

Two men, Ira Remsen and Wilhelm Ostwald, stand out during the 
last fifty years as great teachers and as founders of chemical journals 
which have had a profound influence on the development of chemis¬ 
try. In these two respects their work is comparable with that of 
Liebig during the middle of the nineteenth century, 

Ira Remsen was bom in New York City, February 10th, 1846. 
His parents were both descended from the early Dutch settlers of 
New York and his mother had also Huguenot blood in her veins. 
For two years, from eight to ten, the boy lived in the country and 
had that intimate contact with nature which is impossible for a lad 
who spends his life exclusively in a city, A part of his early 
education was received in country schools. After further study in the 
public schools of New York City he entered the Free Academy, now 
the College of the City of New York, where he studied Latin, Greek, 
mathematics, history and a very little science. He did well in 
Latin and Greek and it was doubtless during those years that he laid 
the foundation for that perfect com m and of accurate English which 
has made it such a delight to read his books and to listen to his 
lectures. His interest in science seems to have been awakened at 
this period by the popular, illustrated lectures given by Dr. Doremus 
at the Cooper Institute. 

He did not, however, complete the four years of work required 
* Reprinted, by permission, from Science, 



OBITTJAEY NOTICES. 


3183 


for graduation at the Free Academy. Many years later he received 
the bachelor’s degree from the College of the City of New York, as 
of the class of 1865. He was accustomed to say, with some pride, 
that he was one of the few men who had received the rank of M.D. 
from the College of Physicians and Surgeons without having received 
the bachelor’s degree. He also said, at one time, that he thought he 
was the only university president in America who had not completed 
a four years’ college course 

After a few years in the Free Academy, Remsen’s father decided 
that he should become a physician and apprenticed him to a doctor 
who taught in a homoeopathic medical college. Here he read some 
che mis try and tried some chemical experiments for himself, some¬ 
times with disastrous results to his fingers and clothing, as he told 
his students in recalling those days. He attracted the attention of 
his preceptor, however, and was made lecture assistant and quiz 
instructor in the college. 

He soon revolted at the inefficient instruction and induced his 
father to send him to the College of Physicians and Surgeons of 
Columbia University. At the age of twenty-one he graduated and 
was supposed to be ready for the practice of medicine. 

Once more he refused to be guided by the wishes of his father and, 
instead of entering a desirable partnership, which was offered him, 
with a well-known physician, he set out for Germany to study 
chemistry. 

Liebig’s name had attracted him to Munich and he had not 
learned that the great master had given up the direction of students 
some time before and had gone to the Bavarian University with the 
understanding that he could devote his time to his own studies and 
writing and that his duties should consist in giving a single course 
of lectures in inorganic chemistry. Remsen was forced to study 
with an able Privatdocent , Jacob Volhard. From him he received 
his first systematic laboratory instruction. Before that he had 
never performed the simplest analysis. Thorough training in 
analytical chemistry was, at that time, considered to be the only 
routine laboratory work necessary for the preparation of a chemist 
to begin research, and we may be sure that the fundamental basis 
for his career was well laid during this year of intimate association 
with Volhard. 

During the summer of 1868, Wohler made one of his friendly 
visits to Liebig and, through Volhard, Remsen was introduced to 
him and arranged to go to Gottingen in the fall. There he began 
research work under the direction of Fittig and two years later 
received his degree of Ph.D. at the age of twenty-four. When we 
remember that Remsen spent only one year in the systematic study 
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of chemistry and two years in research in earning his degree, we are 
tempted to question whether the long years of routine instruction 
which are required of young chemists to-day do not tend to dim that 
eager enthusiasm and repress the initiative so invaluable for a 
successful career. 

It does not follow, however, that because Remsen did not take 
the varied courses of routine lectures which we expect of students 
to-day he failed to become very thoroughly acquainted with the 
chemistry of his times. He once told me that during his stay in 
Germany he read the volumes of Liebig’s Annalen —150 volumes 
had been published in 1870—until he was acquainted with all the 
important papers published in that journal. 

The same year that Remsen received his doctor’s degree, Fittig 
was called to the professorship at Tubingen and he asked Remsen to 
go with him as his lecture and laboratory assistant. He continued 
in this position for two years and in this way, for five years in all, 
he drank in the spirit of the German laboratories. 

It was a fortunate time for the eager, enthusiastic young man. 
In 1858 Cannizzaro had shown the importance of Avogadro’s 
principle and laid the foundation for a system of true atomic weights. 
The same year, Couper and Kekul6 extended Frankland’s doctrine 
of valence to explain the structure of carbon compounds, and 
hundreds of professors and students were working together, after 
the model of Liebig’s laboratory, in the fascinating world of organic 
chemistry. 

It was at Tubingen, too, that a young Scotchman rang at the door 
one day and asked, in broken German, for the “ Vorlesungszimmer.’ ’ 
Remsen answered, “ Oh! I guess you want the lecture room.” 
So there was begun the life-long friendship with Sir William Ramsay. 
Only a few months before his death, Sir William wrote to Remsen, 
“ Well, I am tired and must stop. I look back to my long friend¬ 
ship with you as a very happy episode in a very happy life; for my 
life has been a very happy one.” When Remsen helped with the 
plans of the Kent Chemical Laboratory of the University of Chioago, 
he provided few rooms for isolated students and he made the remark 
that students learn more from each other than from their teachers. 
When two such students as Ramsay and Remsen met, we can well 
believe that this was true. 

Remsen returned to America in 1872 and, after some delay, was 
appointed professor of chemistry and physics at Williams College. 
When he assumed his duties he found no laboratory and scant 
encouragement to teach science other than as a small element of 
general “culture” in an old-fashioned classical college. After a 
year, he was furnished a laboratory for his own use and there he 



OBITTTABY NOTICES. 


3185 


carried on researches on the action of ozone on carbon monoxide— 
a subject to which he returned some years later—and on^-sulpho* 
benzoic acid. The latter led to an attempt to oxidise o-sulpho- 
benzoic acid and its sulphamide and this, in turn, led to a long series 
of investigations carried out with students at the Johns Hopkins 
University. These studies finally established 44 Remsen’s Law 55 that 
groups in the ortho-position interfere with the oxidation of alkyl 
groups of aromatic compounds by means of chromic or nitric acid. 

As an illustration of the spirit of the New England colleges of that 
day, the following incident related by Professor J. M. Kingsley is 
illuminating: 

44 In the autumn of 1874, together with the rest of the junior 
class in Williams College, I began the study of chemistry under 
Professor Ira Remsen. After a few days I asked him for the 
privilege of carrying my studies farther in his private laboratory, as 
there was no laboratory work connected with the regular course. 
He replied to the effect that he would have to lay my request before 
the faculty, as there was no provision for such work in the curri¬ 
culum. A few days later he asked me to stop after the class was 
dismissed, and then he informed me, in the most disgusted tones, 
that 4 The Faculty, in their wisdom , have decided that you would 
break too much glassware and waste too many chemicals to allow 
you to work in my laboratory.’ ” 

Kingsley became a zoologist of note instead of a chemist. 

Shortly after his return to America, Remsen published a transla¬ 
tion of Wohler’s 44 Organic Chemistry.” He also published a 
beautifully written 44 Theoretical Chemistry.” These books, and 
still more his persistence in research under discouraging conditions, 
attracted the attention of President Gilman, who was seeking men 
for his faculty at the Johns Hopkins University* He had already 
secured Gildersleeve for Greek, Rowland for physics and Sylvester 
for mathematics. Remsen was invited to Baltimore to meet the 
Board of Trustees and was entertained at a dinner at which he was 
seated beside one member of the board after another. In this way 
Professor Remsen became one of that galaxy who worked with 
President Gilman to organise the first genuine university in America, 
where more than half the students were graduates of other colleges 
and where the purpose was not so much to teach what is already 
known as to develop men into productive scholars and add to the 
world’s knowledge. President Gilman had the somewhat rare 
quality of fully trusting the men he selected and allowing them to 
develop the work of their departments without interference. Ufa 
injunction to Remsen was, 44 Do your best work in your own way,’* 

Professor Remsen followed rather closely the models with which 
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he had become so familiar in Germany. He gave lectures on in¬ 
organic chemistry during the first semester and on organic chemistry, 
the second. These were well illustrated with experiments and he 
had a crystal-clear, masterful method of presenting his subject. 
Once a week there was a meeting of graduate students for reports 
on current literature. 

But the most important and vital part of his instruction was the 
daily visit to the desk of each research student. Often, at critical 
points, he would stop and work for minutes or for an hour or more 
with the student, and the product, in the end, was the joint work 
of professor and student, as it had been in Liebig’s laboratory. 
Most of the topics studied grew, directly or indirectly, from his 
investigation of the oxidation of and o-sulphobenzoic acids and 
the law of the protection of ortho-alkyl groups from oxidation. 

Quite early in the course of these studies, Fahlberg, working under 
his direction, discovered that the o-sulphamide of benzoic acid may 
be easily oxidised by potassium permanganate in a neutral or faintly 
alkaline solution. The product was called by Remsen benzoic- 
sulphinide. It is several hundred times as sweet as sugar and some 
years later Fahlberg developed the commercial production of the 
compound under the name of saccharin. 

The discovery of benzoicsulphinide naturally led to the investig¬ 
ation of many other similar compounds. This also led, rather 
directly, to the discovery of the sulphonephthaleins and the study 
of the chlorides of sulphobenzoic acid. Professor Reid reports how 
he came to study the decomposition of diazonium compounds with 
alcohol. The laboratory book said “ add alcohol and smell the 
aldehyde.” A student came to him and said he did not smell 
aldehyde. Remsen took the tube and could not smell aldehyde 
either. He made this into a good story, telling how stubborn the t 
student was who wouldn’t smell aldehyde when told to do so. 

The work of Professor Remsen and his students never degenerated 
into the mere preparation of new compounds. He always endeav¬ 
oured to establish some general principle in relation to the sub¬ 
stances prepared. 

In 1883 Professor'Remsen came back to the action of ozone on 
carbon monoxide and a very careful investigation demonstrated that 
the latter is not oxidised when the mixture with ozone is heated to 
300° and the ozone is completely decomposed. He also, in an 
investigation which proved that phosphorus usually contains a little 
carbon, demonstrated that carbon monoxide is not oxidised when 
mixed with air and passed over moist phosphorus, although ozone 
Is formed in quantities. A satisfactory theoretical explanation 
of these remarkable results is still to be found. 
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In 1889 Professor Remsen made an exhaustive study of the 
literature of the double halides and found that, with very few 
exceptions, the number of molecules of an alkali halide combined 
with one molecule of another halide is equal to or less than the 
number of atoms of chlorine in the other halide. A considerable 
number of experimental investigations were carried out with his 
students to test the validity of this generalisation. The conclusion 
that two chlorine atoms unite to form a bivalent group has not been 
generally accepted and does not agree well with the more recent 
electronic theories of chemical combination. 

When Remsen went to Johns Hopkins University in 1876, there 
was no satisfactory medium in America for the publication of an 
account of his researches. A few of his articles were published in 
The American Journal of Science , but Professor Dana, the editor of 
that journal, soon decided that researches in organic chemistry did 
not furnish material of sufficient interest to his readers and advised 
publication abroad. Professor Remsen was not satisfied with this 
and, with the aid of other chemists, he established The American 
Chemical Journal . With far-sighted vision, he made this a medium 
of publication for American chemists and not an organ of the 
Johns Hopkins University. For thirty-five years this journal was a 
very important agency for the promotion of genuine chemical work. 
It was the first American journal in this field which secured wide¬ 
spread recognition abroad and it would be difficult to overestimate 
its value in stimulating chemical work and in placing Americans 
in their rightful place among the chemists of the world. At the 
close of the fiftieth volume President Remsen decided that publica¬ 
tion in America would be better served by incorporation of The 
American Chemical Journal with The Journal of the American 
Chemical Society . This was done and the latter journal carries on 
its title page a record of the consolidation of the two journals. 

Remsen’s first book was a “ Theoretical Chemistry,” written while 
he was at Williams College. It passed through five editions and 
was translated into German and Russian. His <£ Organic Chemis¬ 
try ” was published in 1883 and has been the medium through which 
many chemists, physicians and others have been introduced to the 
subj ect. His text-books of‘ ‘ Inorganic Chemistry, ’ 5 both elementary 
and advanced, are characterised by a logical, lucid style which has 
made them very popular and widely used. The “ Organic Chemis¬ 
try ” was translated into many foreign languages and several 
of the other books were also translated. 

A long series of students, trained in intimate association with 
Professor Remsen, are now widely scattered and many of them 
hold important positions as teachers and in the industries. They 
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look back to him as to a father, who always required high quality in 
their work, who was wise in his advice and helpful in their difficulties. 

Professor E. E. Eeid writes, “ It is impossible to characterise or 
describe Remsen. He had a keen sense of humour and a ready 
wit, a personality in the fullest sense of that term. He drew people 
to Him but always kept them in their place.” 

In 1881 Boston had trouble with her water supply and Professor 
Remsen was called upon for his advice. He was fortunate enough 
to discover the cause of the difficulty. On many other occasions 
he was called upon for public services to Baltimore, Maryland, and 
the United States. He was for some years a member of the Good 
Roads Commission of the state. 

In 1901 Remsen succeeded D. C. Gilman as president of Johns 
Hopkins University. The resources of the university had been 
depleted by the depreciation of some of its securities and the period 
of his administration was a difficult one. In spite of this, the 
university continued its steady and satisfactory development. 
The school of engineering was founded and the cramped quarters 
in the heart of the city were exchanged for the magnificent campus 
which the university now occupies in the outskirts of Baltimore. 

President Remsen retired in 1913. After that he spent his time 
in travel, in revising his books, in work for the Government as 
chairman of the Referee Board organised during Roosevelt’s 
a dminis tration to consider questions pertaining to the law for the 
control of food products and their adulteration, and in consulting 
work for one of our largest industrial corporations. He died at 
Carmel, California, in 1927, at the age of eighty-one. 

He was the recipient of many honours. The degree of LL.D. 
was conferred by Columbia, Princeton, Yale, Toronto, Harvard and 
Pennsylvania. He was a foreign fellow of the London Chemical 
Society and foreign member of the French Chemical Society. In 
1902 he was president of the American Chemical Society; in 1903, 
of the American Association for the Advancement of Science. 
During 1907—13 he was president of the National Academy of 
Sciences. In 1908 he was awarded the gold medal of the Society 
for Chemical Industry and in 1910 was president of that society. 
In 1914 he received the Willard Gibbs medal of the Chicago Section 
of the American Chemical Society. 

In his boyhood Remsen was reared in a very strict, religious 
atmosphere and he retained a simple religious faith throughout his 
life. In his address “ On the Life History of a Doctrine,” delivered 
as president of the American Chemical Society, after pointing out 
that “ faith is called for at every turn in scientific matters as well as 
spiritual,” he said, " It would he as illogical to give them (atoms) 
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up as it is, in my opinion, to deny the existence of a power in the 
universe infinitely greater than any of the manifestations familiar 
to us; infinitely greater than man; a power that ‘ passeth all 
understanding. 9 99 

William A. Noyes. 


EDWARD HENRY RENNIE. 

Born 1853; Died January, 1927. 

The intellectual life of Australia suffered a heavy loss early last 
January, when Dr. Edward H. Rennie, Angus Professor of Chemistry 
in the University of Adelaide since 1885, died suddenly from heart 
failure at the age of seventy-four. Though he had long earned 
retirement, he remained in active work to the last, devoted, as 
always, to the promotion of education and of science in Australia. 

His affection for that sunny land was native—not acquired, as 
it has been by so many of those engaged in University work there; 
for he was born and educated in Sydney, where his father, E. A. 
Rennie, was Auditor-General of New South Wales. His urge 
towards an academic life is, no doubt, to be traced back to his 
grandfather, James Rennie, who was Professor of Zoology at King’s 
College, London, nearly a century ago. After graduating in Arts 
at the University of Sydney, he spent a few years as a school teacher 
there and in Brisbane; but in 1877 he went to London, bent on 
pursuing the study of chemistry. Before returning to Australia 
in 1882, he had obtained the London D.Sc. and had published a 
number of papers in the Journal of the Chemical Society. Some of 
these were on work done conjointly with Alder Wright, whose 
assistant he was for a time at St. Mary’s Hospital Medioal School. 
He came also under the influence of Professor H. E. Armstrong 
(the stimulating effect of which so many young chemists then and 
later could testify to), and the friendship thus formed lasted through 
his life, maintained by correspondence and revivified in 1914, when 
the British Association visited Australia. 

Apart from certain investigations with Alder Wright in chemical 
dynamics (a subject then in a somewhat embryonic state), Rennie’s 
researches at this time were organic and for the most part dealt 
with the chemistry of various Australian plants. His special 
interest in this field was to remain with him always. During the 
first ten years of his tenure of the Adelaide chair he contributed to 
the Society’s Transactions seven papers on various Australian plant 
products; but thereafter he had but little leisure from teaching and 
administrative duties, and some of it was given to inorganic and 
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physical work. More recently, however, he took up the investig¬ 
ation of the resins of Xanthorrhoea, a peculiar and characteristic 
Australian plant. 

As a teacher, Rennie was exceptionally conscientious and 
thorough. He had but little assistance, for it is only of late that 
the Australian Universities have been able to indulge in elaboration 
of staff (still very incomplete), and he found it necessary personally 
to teach chemistry in all its branches, organic, inorganic, physical, 
and analytical. The writer, who saw as much of him as was com¬ 
patible with residence five hundred miles apart, can testify to his 
zeal in keeping abreast of modem advances, even in fields that did 
not specially appeal to him. 

As a member of his faculty and of the governing council, fre¬ 
quently as acting Vice-Chancellor, and as chairman of the affiliated 
School of Mines, he did invaluable work for his University. In 
wider fields too his wise judgment, experience, and authority were 
of service to the country. He was the chairman of the South 
Australian branch of the Commonwealth Council of Science and 
Industry. In the last year of his life—perhaps the busiest—he was 
President of the Australian Chemical Institute and also President 
of the Australasian Association for the Advancement of Science; 
and his address at the Perth meeting of the Association included a 
valuable survey of Australian plant chemistry, past, present, and 
future. 

As a man, Rennie was of simple tastes and rather austere habit 
of life, and there was an orthodox side to him best known to his 
fellow elders of the Chalmers Church in Adelaide. But his warmth 
of heart and human sympathy endeared him also to others. And 
the writer is among these; for Rennie, then a stranger, was the 
first to welcome him on Australian soil in 1886, and forty years of 
friendship followed. 

__ D. 0. M. 

£ 

SIR WILLIAM AUGUSTUS TILDEN. 

Born August 15th, 1842: Died December 11th, 1926. 

Hasted’s History of Kent states that John Tilden purchased 
Ifield Court, Northfleet, in 1766; the grandson of John Tilden was 
Augustus and had two sons, the elder being William Augustus, 
bom in the parish of St. Pancras on August 15th, 1842. The 
brothers were unfortunate in their schooling. In 1845 their father 
had exchanged a clerkship in the Bank of England for the manager¬ 
ship of the Kidderminster bank, but retiring from this post in 1852 
he remained without business occupation until his death at Bedford 
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in 1879; it thus happened that the boys were never kept for long 
at any one school. Their mother, however, was a woman of strong 
character and marked ability, devoting herself unreservedly to the 
care and instruction of her children during their early home-life; 
this benefit was uniformly recognised with affection by her sons, 
and having passed her concluding ten years in the household of 
William Augustus, she died in 1900 at the age of 94. 

When eight years old the boy was placed as a boarder with Rev. 
Edward Brine, second master at Kidderminster Grammar School, 
remaining only two years because the family moved to Bedford. 
Here he was entered at the Commercial School, now called the 
Modem School, but after three years was transferred for one year 
to the charge of Mr. George Vasey, who limited his pupils to five, 
imposed upon them a vegetarian diet, and taught them the rudi¬ 
ments of anatomy, physiology, botany, zoology, mechanics and 
optics illustrated by diagrams which the lads were required to copy. 
Another break occurred in April, 1856. The boys’ maternal grand¬ 
father, Mr. Henry Balls of Cambridge, had now undertaken responsi¬ 
bility for their education and he sent them to East Dereham, where 
Rev. Joseph Thompson kept a school of about 70; here William 
Augustus received his first contact with chemistry, and the demon¬ 
strations of a visiting master from Norwich inspired him with a 
desire to experiment on his own account. 

Animated by the vague ambition to beeome a chemist, young 
Tilden was almost inevitably projected into pharmacy. His friends 
of that period would naturally reach a conclusion which remains, 
even after seventy years, a widespread popular superstition; and 
although the College of Chemistry was already operative under the 
direction of Hofmann, they cannot be blamed for what would then 
appear to be the normal procedure. So, in August, 1857, the lad 
was apprenticed for five years to a pharmacist of Barnsbury, Mr. 
Alfred Allchin. 

This association was propitious, for Mr. Allchin took a liberal view 
of the relation between master and apprentice. He had been 
laboratory assistant at the Pharmaceutical Society, had worked for 
a short period in Paris with Pelouze and had joined the Chemical 
Society. Appreciating these advantages, he encouraged young 
Tilden to attend the Pharmaceutical Society’s lectures on chemistry, 
pharmacy, botany and materia medica, permitting him to spend the 
whole of his fifth year in the laboratory of the School, Allehin’s 
generosity was not limited to these benefits. He entered his appren¬ 
tice for Hofmann’s course of lectures at the Royal College of 
Chemistry, and this period was a critical one in the history of 
chemistry; for students were perplexed by the novel notation and 
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modified atomic weights introduced by Gerhardt and Cannizzaro. 
Hofmann's lectures were Tilden’s compass, and in October, 1861, 
the young pharmacist gained the first Bell scholarship. 

Another favourable influence on young Tilden was the friendship 
of Dr. John Stenhouse. Ill-health had led Stenhouse to relinquish 
his lecturership at St. Bartholomew’s Hospital and equip a labora¬ 
tory in Rodney Street, Pentonville, whence issued the series of 
investigations into natural products distinguishing the joint author¬ 
ship of Stenhouse and Groves. Stenhouse frequently visited All¬ 
chin’s pharmacy, greatly to the encouragement of young Tilden, 
whose preparative work he often commended, and whom he subse¬ 
quently admitted to his laboratory as a junior assistant on sixty 
pounds a year. In 1863 Tilden became demonstrator at the 
Pharmaceutical Society under Attfield, who was then professor of 
practical chemistry while Redwood continued to give the lectures; 
and here he remained until 1872. 

These nine laborious years encircled the transformation of a 
pharmacist into the chemist. In this development the London 
University system of graduation played an important part. Although 
no “ cobbler from Cornwall,” Tilden was one of an abundant upward- 
struggling community to whom the prospect of a definite academic 
hall-mark offers an elevating incentive to self-improvement. He 
toiled at French, German, Greek and Latin for matriculation, and 
in 1868 graduated B.Sc. with honours at an age which disqualified 
him from gaining the university scholarship. This was followed 
in 1871 by the D.Sc., in those days attainable by examination only; 
Tilden’s examiners were Debus and Odling. Meanwhile, in the 
scanty leisure snatched from these pressing demands, he began 
publishing papers in the Journal of the Chemical Society, his first 
contribution (1865) dealing with periodides of organic bases. 

A new chapter opened in 1872, when Tilden was appointed senior 
science-master at Clifton College, under the headship of Dr. John 
Percival, afterwards Bishop of Hereford. At that date the school 
was ten years old, and was directed by a remarkable man. Percival 
had proceeded from Rugby to Oxford (1854—58) and there took 
firsts in classics, mathematics, and physics; he aimed at moulding 
Clifton as an all-round school, a breakaway from the purely classical 
tradition, and his first group of assistants included A. Leipner, 
afterwards professor of botany at University College, Bristol. 
Later teachers of chemistry and physics were A. W. Reinold, John 
Perry, Tilden, and Shenstone, the first laboratories being opened in 
1866 and followed by those for biology and zoology in 1869. The 
standard of effort appears to have been high. Laboratory classes, 
lecture courses and private coaching could not have left much time 
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for his own experiments, but somehow Tilden found it, and found 
also a valuable collaborator in W. A. Shenstone. The partnership 
was happy for both. Tilden had married before leaving London, 
and Shenstone was one of the household during the two years pre¬ 
ceding his transference to Taunton in 1875. A joint paper on aqua 
regia and the nitrosyl chlorides appeared in that year, and work 
there described was the progenitor of pinene nitrosochloride. With 
exacting enthusiasm, for he was not physically strong, Shenstone 
went over to Clifton for the long vacation following his transfer, 
and the friends occupied their holiday in rectifying such essential 
oils as were then available, separating the terpenoid components 
and converting these into nitrosochlorides by the new agency. The 
results were published in 1877, and came to be recognised as a 
turning-point in the path of terpene chemists, leading to a fresh 
view of the hydrocarbons themselves and providing a trustworthy 
means of identification. 

Meanwhile, an important municipal development had proceeded 
in Birmingham. Sir Josiah Mason (1795—1881), having amassed a 
fortune from humble beginnings, had the noble ambition to provide 
for others the educational opportunities denied to himself, and 
allocated £180,000 to the foundation of Mason College. The new 
institution was opened in 1880 and Tilden was appointed the first 
professor of chemistry in association with J. H. Poynting (physics), 
M. J. M. BUI (mathematics), and T. W, Bridge (biology). It may 
be readily imagined that the task of building up the organisation and 
tradition of Mason College would evoke physical and mental resources 
of a high order, and the success with which this early work was 
v accomplished is reflected in the great midland university at Edgbaston 
representing the modem response of Birmingham to its largely aug¬ 
mented educational demands. The part which Tilden played in this 
constructive labour merits the fullest possible recognition. In 
addition to high professional competence early marked by election 
to.the Royal Society (1880), he was endowed with a social quality 
which is unhappily rare. It has been said that the really well bred 
man is he who can enter —and leave—any mixed company of people 
to whom he is unknown without necessarily revealing his occupation 
in life. The searching requirements of such a specification were 
engagingly met by Tilden, whose conversation and appearance would 
have puzzled a casual acquaintance to decide whether he was an 
army officer, Indian civil servant, artist, metropolitan magistrate, 
man of leisure, or even an ambassador. 

Adaptability so wide and graceful was particularly valuable in a 
society of the complexity comprised in Birmingham of the eighties. 
To harmonise aspirations of prosperous young amateurs with more 
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serious ambitions of the needier students; simultaneously to con¬ 
vince the Birmingham citizens that a man of science is not necessarily 
an eccentric anchorite, but that in belonging to their own world he 
might add to its attractions; withal to develop an ever-widening 
grasp of a rapidly growing science, were tasks which few chemists of 
his generation could have accomplished so successfully. At the 
beginning of his tenure, moreover, Tilden found that provision for 
instruction in metallurgy had not been made, and being without 
practical knowledge of the blast-furnace and steel manufacture, he 
became indebted to several of the large ironmasters, including Mr. 
Robert Heath, then M.P. for North Staffordshire, and‘Sir Isaac 
Lowthian Bell for the privilege of admission to their works. Soon 
afterwards, however, this branch of the curriculum was entrusted to 
Mr. Thomas Turner, who subsequently became the professor of 
metallurgy. In spite of these demands, Tilden continued the 
research on terpenes which had begun so auspiciously at Clifton. The 
first completed work dealt with decomposition of the hydrocarbon 
vapours by heat, and it was during a study of isoprene produced in 
this manner that its transformation into caoutchouc was discovered. 
Thus, both scientifically and socially, Tilden’s life in Birmingham 
was a full and active one. He occupied a pleasant house in Har- 
bome Road, took interest in his garden and continued to enjoy 
lawn-tennis until well past his fiftieth year. This may not appear 
unusual to a generation witnessing that indefinite extension of 
youthful activities engendered by golf, automobiles and jazz- 
discords; but post-war youth, rivalled in its thirst for amusement 
by a crowd of age-defying seniors, cannot be expected to realise that 
in those days men were 44 too old at forty/’ while coeval women, 
wore caps. 

Tilden’s life was now widening its boundaries, for his reassociation 
with London grew considerably during the last few years of his 
Birmingham connection. He had executed several examinerships, 
including that in chemistry for the Science and Art Department; 
he sat in the council of the Royal Society (1892—4), and a con¬ 
tinuous adherence to the Institute of Chemistry had culminated in 
his election to the presidency (1891—4). This office in particular 
made heavy calls on Tilden’s time and attention, for the period was a 
critical one in the history of the Institute. -Muchcontroversy centred 
in the question of admission and the type of training which might 
most appropriately lead thereto. Several conferences took place; 
regulations were finally accepted in October, 1893, and remained 
the basis of those controlling admission during the twenty years 
following. The two main requirements were (1) three years of 
systematic training in chemistry, physios, elementary mathematics 
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and an optional other branch of science, associated with (2) three 
examinations, preliminary, intermediate (in general theoretical and 
practical inorganic and organic chemistry), leading to the final, in a 
branch of chemistry elected by the candidate from a prescribed list. 
Concurrently with this consolidation, an important geographical 
change occurred. Since 1884, the Institute had been a tenant of the 
Royal Statistical Society at 9, Adelphi Terrace, depending on the 
hospitality of the various London laboratories for examination 
facilities. At the beginning of 1893, however, the Institute moved 
to 30, Bloomsbury Square, thus for the first time enjoying dignified 
and ample premises of its own. Having acquired the remaining 
twenty-two years of lease, it seemed justifiable to build and equip 
the laboratories necessary for conducting practical examinations, 
and they were formally opened by the president on December 8th, 
1893. In the same year the bye-laws were revised, and authority 
was given to an important definition by the censors concerning 
professional conduct; a seal was designed, incorporating the figure 
of Priestley as represented in‘Williamson's statue viewed from the 
old Mason College windows. 

In the autumn of 1894, Tilden succeeded T. E. Thorpe as pro¬ 
fessor of chemistry in the Royal College of Science, London, and was 
destined to remain at South Kensington until 1909, when Sir 
Edward Thorpe returned for three years on retirement from the 
Government Laboratory. The period of Tilden’s occupancy was 
important in the college history, covering the transference of the 
chemistry department from the conspicuous red building on the 
eastern side of Exhibition Road to its present domicile. Moreover, 
the change was concurrent with a modification in status effected by 
incorporating the Royal College of Science and the Royal School of 
Mines with the Central Technical College of the City and Guilds of 
London Institute; this occurred in 1907, when the two royal 
colleges were detached from the Education Department and united 
with the Guilds’ Engineering College to form the Imperial College of 
Science and Technology. In prospect and achievement this trans¬ 
formation threw much extra work on Tilden and his physics col¬ 
league, A. W. Rucker, the consequent interruption to their 
systematic duties beginning about 1899, when Sir Aston Webb 
was commissioned to prepare the plans. 

These last fifteen years of Tilden J s professorial career were 
crowded ones. Interwoven with his college duties were the periodical 
demands of the Board of Education examinations and the continuous 
attention he gave to the Chemical Society. The Royal Society, 
which he served as a Vice-President during 1904—6 was another 
time-absorbing interest, and for a brief term he joined the Senate of 
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London University, having been elected a Fellow in 1899. Although 
these various legitimate distractions inevitably diminished the 
time given to research, he nevertheless maintained an interest in the 
field which had brought him fame, and broke new ground by a 
systematic study of specific heat; this work was continued for 
several years, and the earlier results were assembled in the Bakerian 
Lecture to the Royal Society for 1900. It was not surprising that 
about the time he was due by age to retire, Tilden incurred a slight 
breakdown in health; his friends had sometimes wondered at the 
unfailing regularity with which he had fulfilled his duties, because 
he did not give an impression of robust physical condition at any 
period of his later life. In view of the difficulty found in replacing 
him, however, Tilden was persuaded to remain until a suitable 
successor (Sir Edward Thorpe) could be found, and this arrangement 
was facilitated by delegating the lectures to his trusted colleague. 
Dr. G.T. Morgan. 

Liberation from official duties in 1909 was accompanied by the 
distinction of knighthood and the title of Emeritus Professor, but 
only changed the form of Tilden’s mental activity. He had intended 
to continue the experimental work which had been so much inter¬ 
rupted in later years, and for this purpose retained the use of a 
laboratory at the Imperial College; but his physical condition 
precluded sustained bench-work, and the project was necessarily 
abandoned. His retirement to the home he had already made at 
Northwood was therefore devoted to literary pursuits which took 
shape in four books, “ The Elements 55 (1910), “ Chemical Discovery 
and Invention in the Twentieth Century ” (1917), “Life of Sir 
William Ramsay ” (1918), and “ Famous Chemists ” (1921). 

These volumes represent a substantial achievement indeed for 
the eighth decade of any man’s life, and bear testimony to the 
unabated ardour with which he assembled and imparted knowledge. 
They involved frequent and sustained consultations in the Burling¬ 
ton House libraries, and scarcely diminished the regularity of his 
attendance at scientific meetings. In fact, it may be stated here 
that among the many claims of Sir William Tilden’s life to the 
respect and admiration of younger chemists was the devotion he 
showed to the Chemical Society by his constant attendance at its 
meetings. He became a Fellow on June 1st, 1865, joining the 
Council as an ordinary member thirteen years later. Thereafter, 
in one capacity or another, he served as councillor thirty-seven 
years, comprising twenty-eight as Vice-President and four as Treas¬ 
urer (1899—1903), occupying the presidential chair in the period 
1903—5; his last appearance in Burlington House—and he seemed 
to know it would be the last—was on March 27th, 1924, when he 
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spoke to a resolution at the annual general meeting. Thus, in 
various ways and always disinterestedly, he well and truly served 
the body which assembled most intimately his professional friends 
and their joint scientific interests. The Annual Reports on the 
Progress of Chemistry, inaugurated in 1905, will remain a lasting 
memorial to this loyal devotion, being the concrete feature of his 
presidency. 

Before the foundation of the Imperial College, Tilden was 
appointed Dean of the Royal College of Science and the Royal 
School of Mines. He was awarded the Davy Medal (1908), received 
honorary degrees from the Victoria University, from Dublin and 
from Birmingham, and was elected a member of the Athenaeum 
under Rule II (1907). In 1869 he married Miss Charlotte Pither 
Bush of St. Heliers, ‘Jersey, who died in 1905 leaving one son, 
Mr. Philip Armstrong Tilden, the architect. His second marriage 
took place in 1907, Lady Tilden having been Miss Julia Mary 
Rami6, also of St. Heliers, and in the knowledge that his twilight 
years were happy, peaceful and well-ordered his friends too have 
been happy. His death occurred on December 11th, 1926. 

Tilden’s active participation in chemical research continued 
throughout a period of more than forty years, during the earlier 
part of which, as might have been expected from the contemporary 
^emieal atmosphere and his association with pharmacy, his experi¬ 
ments dealt with natural products. Thus his first paper (1865) 
described periodides of caffeine, strychnine and brucine, and his 
next inquiry (1872) related to the crystalline substances obtainable 
from aloes, to which he returned several times (1875 and 1877); 
comparison was made between Barbadoes, Natal, Socotrine, and 
Zanzibar aloes, from which a derivative of methylanthracene, 
oxygenated to the composition C 15 H 10 O 6 , was obtained with chromic 
acid. An early paper displaying keen chemical insight and skilful 
technique was that on aqua regia and nitrosyl chloride (1874), 
showing how the latter substance may be obtained as an individual 
and proving the composition of its molecule to be NOC1; at the same 
time, it was established that the supposed nitrosyl dichloride and 
dinitrosyl sulphate of Gay-Lussac were actually fortuitous mixtures. 

It was a natural consequence that the new agent should be applied 
to organic substances, and a beginning was made with phenol (1874) 
which gave chloranil, followed by turpentine (1875) giving the 
subsequently famous nitrosochloride of pinene, from which “ nitroso- 
terpene ” was prepared by the action of alcoholic sodium hydroxide. 
It was at this period that Shenstone had joined Tilden, and the two 
young men were quick in recognising that the confusion prevailing 
in essential oil chemistry might be dispersed by the new weapon; 
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but it is evident from the title of their paper, “ Isomeric Nitroso- 
terpenes 55 (1877) and the procedure therein described, that at this 
stage of the inquiry they expected the nitrosrchlorides to be less 
important means of identification than the nitroso-derivatives 
obtainable from them by removing the elements of hydrogen chloride. 
Thus the nitroso-derivative made from turpentine (American and 
French), oil of sage and oil of juniper was found to be identical in 
each case, and was distinct from that formed when the nitroso- 
chloride of hesperidine, caraway, and bergamot oils is heated. The 
authors, however, already believed that “ the result of the further 
application of this method will be to show that a great many of the 
natural terpenes are merely physical isomerides not differing from 
one another in chemical constitution. :y * 

During the two following years (1878—9) the terpene-alcohol 
terpineol was characterised. Earlier workers (Wiggers, List, and 
Oppenheim) had found that dilute acids convert the crystalline 
terpene hydrate into an oil which they called terpinol and believed 
to have the composition CgoH^O. Tilden’s investigation showed 
the oily product to consist principally of terpineol, CioH 17 *OH, 
associated with a hydrocarbon, C 10 H 16 , afterwards identified with 
dipentene. At the same period he studied the hydrocarbons of 
Russian turpentine oil, and published the views he had been led to 
form regarding the constitution of camphor and the terpenes. 

After an interval of about five years there appeared his well- 
known paper “ On the Decomposition of Terpenes by Heat ” (1884). 
The process therein described is a fore-runner of the modern opera¬ 
tion of 4 4 cracking ” petroleum, and allowing for difference in the 
starting-materials, the products of the two ohanges correspond. It 
was found that when the vapour of turpentine oil is passed through 
a heated iron tube on which redness is just visible in darkness, 
gaseous and condensable hydrocarbons are produced in great variety. 
Dipentene, p-cymene and colophene, with smaller proportions of 
benzene, toluene and m-xylene were isolated, but the most important 
and interesting product was the volatile hydrocarbon, isoprene, 
C 5 H 8 , obtainable also by the dry distillation of caoutchouc. In this 
connexion it may be claimed that the earliest production of syn¬ 
thetic rubber was in the hands of Tilden (1892), because a few years 
after the foregoing investigation he noticed that in a closely sealed 
bottle containing a specimen of purified isoprene there had appeared 
a sticky product which, when withdrawn and manipulated, showed 
those properties of rubber subsequently associated with sodium- 
polymerised isoprene. Although aware of what had occurred, and 
displaying this rubber as an object of interest to his friends, Tilden 
did not standardise the conditions of transformation, andjt is not 
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difficult to reconstruct his probable attitude of mind by remembering 
that automobiles were not even threatening to arrive, and that the 
“ synthesis 55 was virtually a passage from one tree-juice to another 
by de-polymerisation cum re-polymerisation. Moreover, in spite of 
all the attention directed to this matter in the pregnant thirty-five 
years intervening, the exact conditions of transformation remain 
obscure. 

Tilden reviewed at some length the confused ideas then (1888) 
current on the constitution of terpenes and later (1893) showed 
that dipentene does not give toluic acid on oxidation; he proved 
that the hydrocarbon recovered from dipentene dihydrochloride 
must be a mixture, because it yields over 27 per cent, of toluic acid. 
In the next few years (1893—1895) he resumed attention tonitrosyl 
chloride, preparing phenylazoimide by its action on phenylhydrazine 
in acetic acid and incidentally discovering an alternative method of 
preparing hydrazoic acid by hydrolysing p-nitrophenylazoimide. 
These experiments embraced a very wide range of typical unsaturated 
compounds in a study of nitrosyl chloride with reference to its 
additive capacity. Its action on amides was then surveyed, and 
while oxamide, oxanilide, succinimide, and phthalimide were 
indifferent, other amides were found to undergo loss of nitrogen and, 
in the case of asparagine and aspartic acid, chlorination; lsevo- 
rotatory asparagine gave lsevo-rotatory chlorosuccinic accompanied 
byfumaricacid. 

About 1890, Tilden had received from the West Indies a butterlike 
solid occurring as a by-product in the manufacture of Montserrat 
lime-juice. Isolation and characterisation of limettin, so named 
from Citrus limetta , gave much trouble, and the investigation 
remained u nfin ished in Birmingham; but later (1902) he was able 
to show that limettin is 4 : 6-dimethoxycoumarin, C xl H 10 O 4 , giving 
phloroglucinol with concentrated potash, and undergoing chlorina¬ 
tion, bromination, and nitration. 

The concluding papers dealt with carbon compounds all related 
to the nitrosochlorides of pinene and limonene, thus providing a 
seemly epitaph to Tilden’s early chemical interest. By the simple 
device of using an inactive mixture of American and French tur¬ 
pentine in place of an optical individual, the yield of nitrosochloride 
was greatly improved (1904), and was brought to the 55 per cent, 
obtainable from the inactive pinene produced when methylaniline 
or dimethylaniline acts on the nitrosochloride. This, and the two 
nitrosochlorides of limonene, were then found to exchange their 
chlorine atom for the cyano-group when heated with alcoholic 
potassium cyanide (1904—5), the products being unimolecular: the 
compound thus obtainable from limonene J3-nitrosochloride was 
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identified with cyanodihydrocarvoxime. The corresponding pinene 
derivative is also a cyano-oxime, and undergoes hydrolysis in 
successive stages to an aminodicarboxylic acid which remained 
(1906) unidentified. A curious difference between pinene and 
limonene nitrosochlorides in action with magnesium methyl iodide 
revealed itself (1905—6), for while the bimolecular pinene nitroso- 
chloride yields two unimolecular compounds (1905), in one of which 
the chlorine atom survives, the two products from limonene nitroso¬ 
chlorides (1906) are still bimolecular and isomeric, having lost one 
atomic proportion of oxygen. At the same time it was found that 
the process of reducing nitrosopinene to pinylamine may be carried 
to the further stage of dihydropinylamine, identical with the base 
arising from the oxime of pinocamphone on reduction (1906). 

The second main division of Tilden’s researches has been sum¬ 
marised in contributions to the Philosophical Transactions of the 
Royal Society, and arose from the conflict of opinion regarding the 
atomic weights of nickel and cobalt; it deals with the specific heat 
of metals, and the relation of specific heat to atomic weight. Tilden’s 
original purpose, conceived about 1895, developed into the wider 
field of testing further the law of Dulong and Petit, and the opening 
experiments on cobalt and nickel were subsequently extended to 
gold, platinum, copper, iron, silver and aluminium. Great care 
was exercised in purifying the metals initially used, and along series 
of experiments with them was made in the Joly differential steam- 
calorimeter. As the inquiry widened, however, the range of tem¬ 
perature was extended through that of solid carbon dioxide to the 
boiling point of oxygen, and the research owed much to the patient 
and assiduous co-operation of Mr. Sidney Young. It was found that 
the influence of temperature effects great alterations in the specific 
heat of different metals, and the assumption of a constant atomic 
heat at the absolute zero had to be abandoned. The concluding 
section of this inquiry, published in 1904, was directed to testing 
the validity of Neumann’s law which assumes that when an atom 
undergoes chemical combination it retains that capacity for heat 
which is displayed in the elemental state, and for this purpose the 
tellurides of nickel, tin and silver were examined, along with silver- 
aluminium alloy. The results were interpreted as indicating that 
Neumann’s law may be regarded as approximately valid for specific 
heats at all temperatures, and that specific heat is not a measure of 
work done in separating the molecules of a substance, but is deter¬ 
mined almost entirely by the nature of the atoms composing the 
physical molecules. A final summary of contemporary knowledge 
relating to this field was made the subject of Tilden’s second 
presidential address to the Chemical Society (1905). 
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In this division also must be grouped the paper on “ Molecular 
Weight and Formula of Phosphoric Anhydride and of Metaphos- 
phoric Acid ” (1896), in which it was shown that these familiar 
derivatives of phosphorus are P 4 O 10 and H 2 P 2 0 6 . Thus it will be 
recognised that the scope of his research was wide and that, in 
common with those of other active workers at a time when boundaries 
between the organic and inorganic branches were less rigid, and when 
physical chemistry was unknown, his interests embraced a variety 
of topics. This was reflected in the freedom he ungrudgingly gave 
to his staff and students in choosing their own subjects for research, 
leading to a great diversity in production from the department under 
his control. Until a late period of his life he remained unreconciled 
to such divisions of classification and technique as had then inevit¬ 
ably asserted themselves, and he continued to be a true chemical 
philosopher to the end. His earlier books, <c Introduction to 
Chemical Philosophy 99 (1876), “ A Manual of Chemistry ” (1896), 
and “A Short History of the Progress of Scientific Chemistry” 
(1899), were characteristic of this attitude, which appeared also in 
the Cannizzaro Memorial Lecture delivered on June 26th, 1912, 
and the first presidential address of March, 1904, when he reviewed 
the state of knowledge and theory during the early years of the 
Chemical Society. A chemist with these tastes, present at scientific 
meetings with regularity since his first attendence in 1862, and 
recalling a lecture by Berthelot on “ Synthetic Methods in Organic 
Chemistry 99 (June 4th, 1863), had indeed a mine of material upon 
which to draw. „ 

A dispassionate survey of Sir William Tilden’s life leads easily 
to the conclusion that he was a self-made man in the finest 
interpretation of the title : and the product was fine. Hampered 
by early disadvantages, he overcame them by determination and 
industry. Without useful friends in early life, he made them; 
and made them by those qualities of character that make the best. 
Threatened by submergence in a humdrum occupation, he looked 
below the surface of his materials and found that which enabled 
him to rise high above their surface, and to vivify the materials 
themselves. Becoming a teacher through the chance by which 
science-teaching is almost the only shelter for the potential investi¬ 
gator, he remained faithful to the calling which gave him that 
shelter, continuing as an active and conscientious teacher during 
forty-six years. Imbued with a profound interest in all aspects of 
chemistry, historical, human, and philosophical, but free from 
ostentation or flamboyance, his teaching prospered more by graceful 
and accurate presentation than by personal magnetism. Drift of 
circumstances involved him in two pioneer movements, the fomidsK 
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tion of a modem side to a great public school, and the construction 
of a science-school which became a great university : both move¬ 
ments were substantially furthered by his personality and persis¬ 
tence. These qualities he devoted also to the service of chemistry 
as a profession, in a degree which few chemists have attained, his 
association with the Chemical Society and the Institute of Chemistry 
bearing witness to this loyalty. Throughout a laborious career, 
oppressed by early difficulties and clouded at times by domestic 
affliction, he cherished a fine appreciation of the graces which life 
offers, and enjoyed their consolations with evident gratitude. Into 
the common dealings of every day there was woven that shade of 
dignity which has now become old-fashioned, but remains precious; 
it was entirely unaffected, and untouched by vanity or coldness; 
because, underlying it, as his intimates were well aware, ran a strong 
current of generosity and affection. 

M. 0. F. 


WILLIAM CARLETON WILLIAMS. 

Born August 17th, 1850; Died May 25th, 1927. 

Twenty-three years ago W. Carleton Williams retired from the 
Professorship of Chemistry in the University College, Sheffield, a 
position to which he was appointed in 1883, in succession to 
Carhelley, the first Professor of Chemistry in the Eirth College, 
which subsequently became the University College, Sheffield. 

Firth College was founded by the munificence of Mark Firth, and 
was opened by Prince Leopold in 1879. Its history, like that of 
other similar institutions of that period, was, during the first decade 
of its existence, an unbroken struggle against financial difficulties 
and restricted conditions. The Technical Education Act of 1889, 
and the beginning of the Government grants to University Colleges 
to enable them to develop also on the side of the humanities and 
pure science, combined to mitigate the severity of the struggle. 
The next decade witnessed the development of a movement for co¬ 
operation between Firth College, the Medical School, which was 
founded in 1828, and the Technical School, a rate-supported 
institution. The incorporation of these three bodies, and the raising 
of an endowment fund, as a memorial of the visit of Queen Victoria 
to Sheffield, in the year of the Diamond Jubilee, resulted in the grant 
of a Charter to the new University College in May 1897. The 
breaking, up of the Victoria University, with the immediate result 
of the creation of the Universities of Liverpool and of Manchester, 
and later that of Leeds, resulted, naturally, in the desire for a similar 
recognition and status on behalf of the University College in Sheffield. 
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In addition to the funds already subscribed for buildings, a call was 
made for an endowment fund of £100,000 to secure the desired 
recognition. The successful issue of this effort was the grant, in 
May 1904, of a University Charter. 

Carleton Williams’ twenty-one years’ tenure of the Firth Chair of 
Chemistry were momentous years in the development of the College; 
he not only shared to the full in the anxieties and activities of that 
period, but contributed generously to the funds raised from time to 
time, and to the University Endowment Fund he subscribed a year’s 
salary. 

The advancement of the College to University status and the 
approaching completion of the Chemical Laboratory in the new 
buildings, with the design and arrangement of which he had busied 
himself, appeared to Williams a suitable opportunity to put into 
effect his contemplated resignation, thus giving his successor a 
perfectly free hand. The College Council on receiving his resig¬ 
nation passed the following resolution : “ That in accepting with 
great regret the resignation of Professor W, Carleton Williams of 
the Firth Chair of Chemistry, the Council desires to place on record 
its appreciation of the valuable services which he has rendered to 
the College during his 21 years’ connection with the College.” 

Carleton Williams received his chemical training at the Owens 
College, Manchester, under Dr. Roscoe (later Sir Henry), entering 
the College in 1866, in his seventeenth year. His course of study 
was crowned by the award, in 1871, of the Dalton Chemical Scholar¬ 
ship, for which he presented an account of the results of an investig¬ 
ation on the oxychlorides of antimony {Mem. Manchester Phil, Soc. 9 
1872, 3; 1876, 61). In the same year he was elected an Associate 
of Owens College. As Dalton Scholar, in accordance with the 
tradition of those days, Williams went to Germany, where he con¬ 
tinued his studies, working first in Bunsen’s laboratory at the Uni¬ 
versity of Heidelberg and then, in the second year, at the University 
of Bonn, where Kekul<§ directed the Chemical Department. In 
Bonn he devoted himself to extending his knowledge of organic 
chemistry, and an outcome of this period was the publication in the 
Berichte , £< Ueber Terebinsaure und Pyroterebinsaure ” (1873, 6, 
1094). Amongst his fellow students at Bonn were van’t Hoff, 
Claisen, Konigs, Bemthsen, and Wallach, who became Privat-docent, 
then Extra-ordinary Professor, and later Professor of Chemistry in 
the University of Gottingen. 

Returning to Manchester in 1873, Williams was appointed 
Demonstrator Jun Chemistry, thus commencing his teaching career 
in the first session in the new buildings, to which the Owens College 
had been transferred from the original quarters in Quay Street. 
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At this time the staff of the Chemical Department consisted, in 
addition to Professor Roscoe, of C. Schorlemmer, as Lecturer in 
Organic Chemistry, W. Dittmar as Lecturer in Chemistry, and 
W. Carleton Williams and H. Grimshaw, Demonstrators, The ten 
years spent at Owens College were years in which, with laboratory 
teaching, day and evening classes, and tutorial classes, “ full-time ” 
was literally interpreted, and time for research was only to be secured 
in snatches and by dedicating portions of the vacation to such work. 

During this period Williams published the following papers : The 
Derivatives of Diisobutyl (J., 1877,31,541; 1879,35, 541); Stannic 
Arsenate (Mem. Manchester Phil . Soc., 1876, 67); On some Com¬ 
pounds of Antimony Pentachloride with Ethyl Alcohol and with 
Ether (J., 1876, 29,463). With Carnelley he conducted an investig¬ 
ation, the results of which were communicated to this Society, viz. : 
On the Determination of High Boiling Points (J., 1878,33,281); On 
the Boiling Points of Certain Metals and Metallic Salts (J., 1879, 35, 
563); The Melting and Boiling Points of Certain Inorganic Substances 
(J., 1880, 37, 125); and in conjunction with the writer a paper 
tf< Ueber die Bestimmung des specifischen Brechungs- Vermogens 
festen Korper in ihren Losungen ” (Ber. , 1881,14,2549), which formed 
part of the report of the British Association Committee on Refraction 
of Solids: Determining Specific Refractions of Solids from their 
Solutions. 

In the course of an investigation on the sulphides of phosphorus 
Williams met with a serious accident due to an explosion, in which 
he was badly burnt on the face, head and hands; fortunately the 
eyes were not permanently affected. 

After the granting of the Charter creating the Victoria University, 
Williams was made a Lecturer in Chemistry in the University, and 
in recognition of his standing as an Associate of Owens College, was 
admitted to the degree of B.Sc. at the first graduation ceremony of 
the University in 1882. 

The translation of Lothar Meyer’s “ Die Modernen Theorien der 
Chemie” undertaken by Williams in association with the writer, 
was published in 1888, and was followed in 1892 by the translation 
of Lothar Meyer’s " QrundzUge der theoretischen Chemie” 

At Sheffield, Williams devoted himself to teaching and the develop¬ 
ment of Ms department. An epidemic of lead poisoning in Sheffield 
led to an investigation of the action of water on lead, and to the 
volume published to commemorate the incorporation of the 
University College at Sheffield he contributed an account of his 
extensive examination of the distribution of carbonic acid in the 
air. ■ , . 

I'urther, the results of his examination of methods for the deter- 
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mination of zinc formed part of the Report of the British Association 
Committee on Electrolytic Methods of Quantitative Analysis, 
published in 1898. 

On leaving Sheffield Williams moved to the south and settled 
at Goring-on-Thames, where Mrs. Williams and he found congenial 
occupation in tending and developing their garden. Archaeology 
claimed his interest, and he became a member of the British Archseo- 
logical Association and of the Berkshire Archaeological Society, the 
meetings of which and the Su m mer Congress he attended regularly. 
In fact a fortnight before his death he took part in an excursion 
of the Association to Dunstable. He served for some years on the 
Council of the British Archaeological Association. 

In his earlier days Williams found considerable pleasure and 
recreation in tramping, and thus acquired an intimate knowledge 
of the Lake District, North Wales and other parts of the country, 
and in like manner gained an acquaintance with the Rhineland, 
Switzerland, the Bavarian Alps, the Dolomites and other districts 
in Europe. The writer retains pleasant recollections of many such 
tramps, made in his company. Travel always appealed to Williams 
and he had visited most of the capital towns of Europe, and also 
Canada and the United States of America. From early manhood 
he was liable to attacks of gout and it was during one of these attacks 
that he passed away on May 25th of this year. 

William Carleton Williams was bom at Salford on August 17th, 
1850; in 1883 he married Miss S. E. Andrews, who with their 
daughter, Ethel Carleton, survives him. Miss Carleton Williams 
graduated in the History Schools at Oxford and is the authoress of 
several clever and interesting books dealing with her experiences 
and travels. 

The Jubilee of Williams’s Fellowship of the Chemical Society 
occurred three years ago, for he was elected in 1874; he served for 
many years on the staff of Abstractors for the Journal; in 1894 he 
was elected a Fellow of the Institute of Chemistry, and since 1877 
was a Member of the British Association. Under his will the 
Chemical Society is a beneficiary, as are also the Faculty of Science 
of the University of Sheffield, the Chemical Department of the 
University of Manchester, and the Benevolent Fund of the Institute 
of Chemistry. 

P. Phillips Bbdson. 
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amino-group from (McKenzie and 
Roger), 571. 

Ammines, metallic complex (Duff and 
Bills), 2365. 

Ammonium sulphate, equilibrium of 
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Anhydro-5-carboxy-2-8j88-i{nchloro-a« 
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and Morris), 2015. 

Anilides, chlorination of (Orton and 
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nitro- (Le F&vre and Turner), 
1118. 
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mom- and di-chloro- (Roberts and 
Turner), 1842. 

6-AnilinosemicarbazoneB, thermal de- 
eomposition of (Baird and Wilson), 

Anisic acid, 3;5-<&chIoro- (Biakey, 
Jones, and Scarborough), 2868. 
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, .their: derivatives (Oakeshott and 
Plant), 487. 
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ative (Mills and Wkitworth), 
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• ' (Hodgson and Wig- 


^-Anisyl 4-hydroxy-2-methoxy-6- 
methylstyryl ketone (Hirst), 2495. 

o- and m-Anisylthio*carbamides and 
-carhimides (Dyson, George, and 
Hunter), 440. 

Annual General Meeting, 932. 

Anthocyanins, synthesis of (Robertson 
and Robinson), 242,1710. 

Anthracene derivatives, colour and 
constitution of (Moir), 1810. 

Anthracene, meso-alkyl and -aryl deriv¬ 
atives of (Barnett, Cook, and 
Nixon), 504 ; (Barnett, Cook, and 
Wiltshire), 1724. 

Anthracene, 9-hydroxy-. See Anthranol, 

Anthracenes, ddiydroxy-, and their 
acetyl derivatives (Green), 555. 

Anthranol, 4-chloro-l-hydroxy-, and 
1 -hydroxy-, and their derivatives 
(Green), 2343. 

Anthranols, a-bydroxy-, structure of 
(Green), 2341. 

Anthxaquinones, hydroxy-, reduction 
products of (Cross and Perkin), 
1297; (Macmaster and Perkin), 
1306. 

Antiarolaldehyde, and its semicarbazone 
(Chapman, Perkin, and Robinson), 
3029. 

Antimony, atomic weight of (Krishna- 
swami), 2534. 

^firatachloride, singlet linkage in (Sug- 
den), 1173. 

^hydride, formation of, in electro¬ 
lysis (Sand* Grant, and Lloyd), 
378. 

Antimony cathodes. See under Cathodes. 

Apigeninidin salts (Pratt, Robertson, 
and Robinson), 1979. 

Arabinose, isomeric lactones from (Pryde 
and Humphreys), 559. 

Z-Arabotrimethoxyglntaromethylamide 
(Haworth and Jones), 2353. 

Aromatic compounds, substitution in 
(Ingold and Shaw), 2918. 
directive power of groups in (Faw¬ 
cett and Robinson), 2414; 
(Clarke, Robinson, and Smith), 
2647. 

use of hydrogen peroxide in (Marsh), 
3164. 

Arsenic, glow of (Emel&us), 783. 

Arsenic compounds, reduction of, by 
sodium hyposulphite (Farmer and 
Firth), 2019. 

Arsenic organic compounds (McCle- 
land and Whitworth), 2753. 
heterocyclic (Ewins, Newbery, and 
Stiokings), 851. 

Arylamines, substituted, reactivity of 
amino-groups in (Dyson, George, 
and Hunter), 486. 
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(Chattaway and Bennett), 2850. 
Aspergillus niger , formation of citric 
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"Walker), 200; (Walker, Subra- 
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Atmospheric air, explosions of carbon 
monoxide and (ELLisand Wheeler), 
156. 

propagation of flame in mixtures of 
. ether and (White), 498. 
propagation of flame in mixtures of 
hydrogen and (Georgeson and 
Hartwell), 265. 

propagation of flame in mixtures of 
methane and (Chapman and 
Wheeler), 38. 

Atoms, electron structure of (Smith). 
2029. 

Atomic weight of antimomy (Krish- 
NASWAMl), 2534. 

of boron (Briscoe, Robinson, and 
Smith), 282. 

Atropic acid, and p-nitro-, methyl esters 
(Baker and Eocles), 2129. 

2-Aurothiol-4(or 5 )-methylglyoxaline- 
5(or 4)-carboxylic acid, and its ethyl 
ester (Balaban and Xing), 1869. 
Azelo-p-bromo anilide and -toluidides 
(Barniooat), 2928. 

Azo-compounds, sulphites of (King), 
2639. 

p-Azoxybenzonitrile (Hisbet), 2084. 
p-Azoxybenzylidene-p-aminoaceto- 
phenone (Hisbet), 2084. 
p-Azoxy-2-nitro-4'-dimethylamino- 
stilbene (Hisbet), 2086. 
p-Azoxy-Smitro-d'-methoxystilbene 
(Nisbet), 2085. 

P’Azoxy-2:6-rfmtro-4'-methoxystilbene 
(Hisbet), 2085. 

p-Azoxy-2-nitro-3':4'-methylenedioxy- 
stilbene (Hisbet), 2086. 
p-Azoxystilbene, andits.nitro-derivatives 
(Nisbet), 2084. 


B. 

Baicaleinidin chloride. See Flavylium 
chloride, 5:6:7-Znhydroxy-. 

Balance sheets of the Chemical Societv 
and Research Fund. See Annual 
General Meeting, 946. 

Barbituric acids, substituted, absorption 
spectra and molecular conductivities 
of (Graham, Macbeth, and Ore), 

Barium iodide, equilibrium of iodine, 
water, and (Rivett and Packer), 
1342. h 


Base, C K H 18 OH 2 , and its derivatives, 
from ben 2 oylacetonitrile, piperidine 
and salicylaldehyde (Krishnamurti 
and Dey), 1350. 

Bases, optically active (Rule), 54. 
organic, use of the hydrogen electrode 
with (Prideaux and Gilbert), 
2164. 

condensation of benzoylacetonitrile 
with, in presence of salicyl¬ 
aldehyde • (Krishnamurti and 
Dey), 1349. 

Benzaldehyde acetophenone carbohydr- 
azone and 8-aminosemicarbazone 
(Brown, Pickering, and Wilson), 
109. 

s-alkyl- and -arylthiosemicarbazones 
(Baird, Burns, and Wimon), 
2529. 

Benzaldehyde, bromo- and iodohydroxy-, 
and their salts and derivatives 
v Hodgson and Jenkinson), 3041. 

2 :5-dihydroxy- ( gentisaldehyde ), pre¬ 
paration of, and its derivatives 
(Hodgson and Beard), 2339. 

Benzaldehydes, chlorohydroxy-, and 
their derivatives (Hodgson and 
Jenkinson), 1740. 

2:3:5 -tfrzchloro-, 2:5 -dichloro*3-nitro- ( 
mono*, di~, and tri< nitro-, and nitro- 
hydroxy-, and their phenylhydr- 
azones, and their colour reactions 
(Hodgson and Beard), 2375. 
3-4-dihalogeno., 4-halogeno-3-nitro-, 
and S-nitro-4-amino-, and their 
derivatives (Hodgson and Beard), 
20 . 

Benzaldehyde-4-azo-j8-naphthol, 3-nitro- 
(Hodgson and Beard), 23. 

Benzaldoxime sulphates, chloro- and 
nitro- (Brady and Whitehead), 
2935. 

Benzaldoxime, 2:4:5: G-feirobromo-3- 

amino- (Hodgson and Beard), 2427. 

Benzaldoximes, and nitro-, nitrobenzyi 
derivatives (Brady and Klein), 
8 79 . 

Benzanilide,2:4:6^nchloro-(CiiAPMAN), 

1749. 

fsoBenzanthragallol, and its derivatives 
(Cross and Perkin), 1802. 

Benzanthrapnrpurin, and its derivatives 
(Cross and Perkin), 1301. 

1:3-Benzdithiole-2-p-benzoqninone, and 
its hydrochloride (Hurtley and 
Smiles), 536. 

l:3-Benzdithiole-2-£-naphthaquinone, 
end its chloride, (Hurtley and 
Smiles), 586. 
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Benzene, vicinal substitution in o-sub- 
stituted derivatives of (Ingold and 
Smith), 1690. 

partition of hydrochloric acid between 
water and (Knight and Hinshel- 
wood), 466. 

vapour, adsorption of, by surfaces of 
glass, quart 2 , and platinum (Len- 
her), 272. 

Benzene, m-di- and s-2n-chloro-, di- 
sulphonation of (Davies and Poole), 
1122. 

3-Benzeneazo-2:6-dimethylpyrone 
(Mullen and Crowe), 1753. 

BenzeneazO'6:8-disulpho-/S-naphthyl 
sodium sulphite (King), 2644. 

& -B enzen eazoethylene, chloro- and 
chlorobromo-derivatives of (Chatta- 
way and Bennett), 2853. 

Benzene- 5-azosalicylie acid, absorption 
spectrum of (Purvis), 2716. 

Benzenedisulphonic acids, l:3-£fohloro-, 
and s-£ncmoro», and their salts and 
derivatives (Davies and Poole), 1122* 

Benzene-p-seleninic acid, bromo- (Por- 
,ritt),29. 

Benzenesulphonic acid, mentliyl ester, 
preparation and decomposition of 
(Patterson and MoAlhne), 350. 
rotation of, in various solvents 
(Patterson and MoAlfine), 353. 

Benzenesulphonngaiylamide (Me- 
Dowall), 738. 

Benzen eaulphonyl 2-nitrophenyl di~ 
sulphides, 4-amino-, and 4-chloro- 
(Brooker, Child, and Smiles), 1386. 

Benzenylmethyl-p-nitrophenylamido- 
phenylimidine, and its salts (Chew 
and Pyman), 2321, 

Ben zenylme thy lphenylamido -p- nitr o - 
phenylimidine, and its salts (Chew 
and Pyman), 2821, 

Benzenyl-p-nitrodiphenylamidine, pre¬ 
paration and methylation of (Chew 
and Pvman), 2318. 

woBenzfLavopnrpnrin,andits derivatives 
(Cross and Perkin), 1805. 

Benzhydryl phenyl and tolyl ethers 
(Heilbron and Hill), 2011 . 

Benzidine* diacyl derivatives of (Bro¬ 
gan), 1381. 

Benzidines, dzwtro-, reduction of (Le 
F4vre, Hole, and Turner), 2330. 

Benzil, sprfaoe tension and density of 
(U ARNER and SuODEN) r 2882. 
ggr S-aminosemicarbazon^ (Brown, Pick- 
^^ PRiNG,and Wilson), 110. 

of ; (Garner and 

and Jafm-nitro-, and. their 
: 1 1 (Chattaway. and Coul- 


Benz-3-iodo-4-methoxyanilide (Blakey, 
Jones, and Scarborough), 2870, 

Benzo-3-hromO'4-methoxyanilide 
(Blakey, Jones, and Scarborough), 
2869. 

Benzoic acid, heats of combustion of 
salicylic acid and (Berner), 338. 
equilibrium of sulphur with (Hammiok 
and Holt), 493. 

and its amide and chloride, nitration 
of (Cooper and Ingold), 839. 
3-bromo-4-raethoxyphenyl ester 
(Irvine and Smith), 75. 
7 -chloro-a-cyanopropyl ester (Craw¬ 
ford and Kenyon), 400. 
anhydride and phenyl ester, absorption 
spectra of (Purvis), 780. 

Benzoic acid, 2-chloro-4-hydroxy- 
(Hodgson and Jenkinson), 1742. 
p-hydroxy-, condensation of chloral 
with (Chattaway and Prats), 
685. 

Benzoio acids, bromo- and iodo-hydroxy- 
(Hodgson and Jenkinson), 8042, 
bromoiodo- and chloroiodo- (Hodgson 
and Beard), 26. 

Benzoin and its oxime, absorption spectra 
of (Purvis), 780. 

Benzo-R-naphthaspiropyran (Dickinson 
and Heilbron), 1702. 

Benzonitro-m-xylidides,m-nitro- (Dads- 
well and Kenner), 1107. 

Benzophenarsazinic acids, and their 
salts (Gibson and Johnson), 2511. 

Benzophenone 5-aminosemicarbazone 
(Brown, Pickering, and Wilson), 
109. 

Benzophenone, bromo-, chloro-, iodo-, 
and nitro-4-hydroxy-derivatives 
(Blakey, Jones, and Scarborough), 
2867. 

p-Benzoquinone, surface tension and den¬ 
sity of (GARNER-and Sugden), 2880. 

Benzoquinoneanil, bromo-, chloro-, and 
chlorobromo-derivatives (Bradpield, 
Cooper, and Orton), 2856. 

Benzo-m-xylidides, wi-nitro- (Dadswell 
and Kenner), 1107. 

Benzoyl peroxide, absorption spectrum 
of (Purvis), 780. 

Benzoylacetones, nitro-, beryllium com¬ 
pounds (Burgess), 2017. 

Benzoylacetonitrile, condensation of, 
with organic bases in presence of 
salicylalaehyde (Krishnamurti and 
Dey), 1349. 

Benzoyl-p-acetyldiphenylamine (Chap¬ 
man), 1748. ' * 

Benzoyl-2; 4-^ibromophenylhydrazxne,o- 
amino-, and its acetyl derivatives, and 
3 -o-nitro-(C hattaway and Walker), 
331. 
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Benzoyl-2 :Mi- and -2:4:6-£ri-chloro- 
diplienylamines (Chapman), 1748. 

3*Benzoylcoumarin, 4-hydroxy- (Heil- 
bron and Hill), 1707. 

B enzoyldiph enylamine s, chloro- and 
nitro- (Chapman), 1748. 

2- Benzoyldi-p-tolyl ether (Reilly and 

Drumm), 2818. 9 

Benzoylformic acid, 2:4*c?znitro-, ethyl 
ester, and its phenylhydrazone (Fair- 
bourne and Fawson), 49. 

Benzoylmethoxydiphenylamines (Chap¬ 
man), 1748. 

Benzoyl-o-nitrodiphenylamine (Chap¬ 
man), 1748. 

Benzoyltolnic acids, bromo- and chloro- 
hydroxy-, and their salts (Hayashi), 
2516. 

Benzphenetidide, and o-, on-, and^-nitro-, 
nitration of (Fawcett and Robinson), 
2414. 

Benzselenazole, and its methiodide and 
methopicrate (Clark), 2806. 

Benzthiazoles, amino- (Dyson, Hunter, 
and Morris), 1186; (Hunter and 
Styles), 1209. 

1 -amino-5-cyano-, 5-bromo-1 -amino-, 
5-chloro-l-amino-, and 3-nitro-l- 
amino-, and their bromides (Dyson, 
Hunter, and Morris), 1189. 

Benzthiazolone, preparation of (Mills 
and Whitworth), 2752. 

Benzyl chloride, and nitro-, action of 
trimethylamine with (McCombie, 
Scarborough, and Smith), 802. 
S-chlorobntyl, 7-chloropropyl, 8- 
hydroxybutyl, 7-hydroxypropyl 
and i8-iodoethyl ethers (Bennett 
and Hock), 472. 

j8-hydroxyethyl sulphide, p-nitro- 
(JBennett and Berry), 1671. 

Benzylacetoacetio acid, p-nitro-, ethyl 
ester (Burgess), 2019. 

Benzylamme salts, nitration of (Baker 
and Ingold), 261. 

Benzylaminoformic acid, methyl ester, 
nitration of derivatives of, and p- 
nitro-, methyl ester (Baker), 565. 

jp-Benzyl-Wr-bntylaminobenzeneazo-jS- 
naphthol (Reilly and Drumm), 
1396. 

Benzyl-Ti-bntylaniline, and its salts, and 
p-nittoso- (Reilly and Drumm), 
1895. 

Benzyl-^-butyl-p-phenylenediamine, 
ana its salts and benzoyl derivative 
(Reilly and Drumm), 1896. 

3- Benzylconmarin, 4-hydroxy- (Heil- 
bron and Hill), 1707. 

Benzyldimethylamines, amino-, hydr¬ 
oxy-, and nitro-, and their salts 
(Stedman), 1902, 


Benzylhydroxylamine, 0-p-nitro-, and 
its hydrochloride (Brady and Klein), 
882. 

Benzylidene cJmcetate, 3-nitro-4-amino-, 
acetyl derivative (Hodgson and 
Beard), 22. 

Benzylidenebisbenzoylmandelamides, 
isomeric (Ingham), 697. 

Benzylidene- 8 -chloroaniline, o-liydroxy- 
(Roberts and Turner), 1843. 

Benzylidene^chloroanilines, o-hydroxy- 
(Roberts and Turner), 1843. 

2- Benzylidene-l:3-diketohydrindene, 2- 
o-chloro- (Robinson and Zaki), 2488. 

Benzylidenohomophthalimide, o-nitro- 

, (Haworth and Pink), 2346. 

3- Benzylidene-7-methoxychromanone, 
3-3':4'-dihydroxy- (Perkin, Ray, and 
Robinson), 2097. 

Benzylidenemalonio acids, nitro-, 
methyl esters (Baker and Eccles), 
2126. 

B enzylidene-W-jS-phenylethylhomo- 
phthalimide, o-nitro- (Haworth and 
Pink), 2347. 

Benzylidene-iV-^-piperonylethylhomo- 
phthalimide, o-nitro- (Haworth and 
Pink), 2347. 

Benzylidenepiperonylmethylamine, and 
its picrate (Malan and Robinson), 
2655. 

Benzylidene-p-toluidine, p-amino-, 
acetyl derivative (Hodgson and 
Beard), 22. 

Benzylmalonic acids, nitro-, andcfonitro-, 
and their methyl esters and derivatives 
(Baker and Eooles), 2127. 

3-Benzyl-7*methoxychromanone 3 3- 
3':4'-c^hydroxy- (Perkin, RAy, and 
Robinson), 2098. 

Benzylmethylaminoformic aoid, and 
nitro-, methyl esters (Baker), 667. 

Benzylmethylpiperidininm iodide and 
its nitro-derivativos (Pollard and 
Robinson), 2776. 

Benzylmethylsulphone, preparation of, 
ana nitro-derivatives (0. K. and E. H. 
Ingold and Shaw), 818. 

2 -Benzyloxyanisoles, chloro- and nitro- 
chloro- (Oxford and Robinson), 
2241. 

7 - Benzyloxybutyric acid, and its ethyl 
ester and nitrile (Bennett and Hock), 
474. 

Benzyloxycarbamide, p-nitro- (Brady 
and Klein), 882. 

/ 8 -Benzyloxyethylmalonic acid, ethyl 
ester (Bennett and Hook), 475* 

Benzylphenyldimethylammoninm 
chloride, o-nitro-(S aw), 1398, 

1 -Benzylpiperidiae, nitration of (Poll¬ 
ard and Robinson), 2770. 
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Benzylpyridinium perchlorate, and its 
nitro-derivatives (Pollard and Rob¬ 
inson), 2778. 

Benzylsulphondiethylamide (C. K. and 
E. H. Ingold and Siiaw), 819. 

Benzylsulphondimethylamides, nitro- 
(0. K. and E.H.Ingold and Shaw), 826. 

Benzylsulphonethylamide, and its nitro- 
derivatives (C. K. and E. H. Ingold 
and Shaw), 818. 

Benzylsulphonic acid, and its methyl 
ester and chloride, and their nitro- 
derivatives (C. K. and E. H. Ingold 
and Shaw), 819. 

Benzylsulphonmethylamides, nitro- 
(0. K. and E.H.Ingold and Shaw),824. 

l-Benzyl-l:2:3:4-tetrahydroz>0quinoline, 
and its sulphate (Chakravarti, 
Hawobth, and Perkin), 2277. 

5-Benzylthiosemicarbazide, and its 
hydrochloride and benzylidene deriv¬ 
ative (Baied, Burns, and Wilson), 
2531. 

Benzyltrimethylammonium iodide, 
p-nitro- (Stedman), 1905. 
picrate, and m- and p-nitro- (Goss, 
Hanhart, and Ingold), 259. 

Beryllium organic compounds :— 
Beryllium dialkyls (Gilman and 
Schulze), 2663. 

nitrobenzoylacetones (Burgess), 
2017. 

Bishenzylacetoacetic acid, cfo’-p-nitro-, 
ethyl ester (Buegess), 2019. 

10:10 ; -Bis-4-carboxy-5:10-dihydrophen- 
arsazine (Burton and Gibson), 249. 

5-Bisdimethoxyphenylthiocarbamides 
(Dyson, George, and Hunter), 441. 

Bisethylenediamminocupric salts (Mor¬ 
gan and Burstall), 1264. 

4:4'-Bis-op-dmitrophenyl»2^ / -rfmltro- 
diphenylamine (Le FfcvRS, Moir, and 
Turner), 2837. 

a-Bis-3:5-rfinitrophenylthio carbamide 
(Dyson, George, and Hunter), 444. 

Bisnitrosyl-omethoxybenzyl ( Brady 
and Bennett), 897, 

Bleaching powder, composition of 
(O’Connor), 2700, 

d-Bomylamine, separation of d-nco- 
bornylamine from (Goodson), 930. 

Boron, atomic weight of (Briscoe, 
Robinson, and Smith), 282. 

4 ^ Mshloride, critical temperature of 
H - (Parker and Robinson), % 2977. 
density of (Briscoe, Bobinson, and 
Smith), 282. 

surface tension of (Mills and Bobin¬ 
son), 1823. 

Boric acid, equilibria of mixtures of, 
with phosphoric and sulphuric acids 
(Beyi and Gilbert), 2117. 


M-Bornylsemicarbazidos, and their 
hydrochlorides (Goodson), 1997. 

isoBrazilein femchloride trimethyl ether 
(Perkin, R1y, and Bobinson), 2100 . 

Brazilin, and its derivatives (Perkin, 
RAy, and Robinson), 2094. 

Bromine, photochemical action of, on 
cydohQxmQ (Wood and Riijeal). 
2466. 

action of, on acetic anhydride (Orton, 
Watson, and Hughes), 2458: 
(Watson), 3065. 

Brucidine, ana its salts and derivatives 
(Gulland, Perkin, and Robinson), 
1636. 

Brucidone semicarbazone (Gulland, 
Perkin, and Bobinson), 1652. 

Brucine (Clemo, Perkin, and Bobin¬ 
son), 1589 ; (Gulland, Perkin, and 
Robinson), 1627; (Oxford, Perkin, 
and Bobinson), 2389. 

Buffer solutions, reactions in (Dawson), 
1148. 

4 - 7 i-Butoxyanisole, and its nitro-deriv¬ 
atives (Clarke, Robinson, and 
Smith), 2647. 

s-Butylthiosemicarbazide dihydrochlor¬ 
ide (Baird, Burns, and Wilson), 
2530. 

%-Butyronitrile, 7 -chloro-a-hydroxy- 
(Crawford and Kenyon), 400. 

y-Butyrotrimethylbetaine, a-hydroxy-, 
synthesis of, and its salts (Crawford 
and Kenyon), 396. 


C. 

Cadmium iodide, molecular conductivity 
of, in acetonitrile (Kooh), 647. 
Calcium carbonate, colloidal and stratified 
(Oofisarow), 222. 

hypochlorite, preparation and pro¬ 
perties of (O’Connor), 2701. 
sulphate, precipitated (v. Wbimarn), 
929. 

Camphoranilic acids, chloro- (M. and R. 
Singh), 1994. 

Camphorochlorophenylimides (M. andR. 
Singh), 1994. 

Camphorquinone, action of sulphuric 
acid on (Bhagyat and Simonsen), 
77. 

Caproic acid, poisoning of charcoal 
surfaces with (Weight), 2325, 
Carajura, colouring matters of (Chap¬ 
man, Perkin, and Robinson), 3015. 
Carajuretin, and its salts (Chapman, 
Perkin, and Robinson), 3025, 
Carajurin, and its salts, and bromo- 
derivatives (Chapman, Perkin, and 
-■ Robinson), 3022.- : 
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Car ajar one (Chapman, Perkin, and 
Robinson), 3027. 

s-Carbamidoarylarsinic acids, amphoteric 
(Kino), 1049. 

Carbazoles, oxidation of, in acid solution 
(Maitland and Tucker), 1388. 

5-Carbethoxybenzthiazole, 1-amino-, 
and its bromides (Dyson, Hunter, 
and Morris), 1190. 

tf-o-Carbethoxybonzylthiosemicarbazide 
dihydrochloride (Baird, Burns, and 
Wilson), 2580. 

8-2~Carbethoxy-S-mdolylpropionic acid, 
ethyl ester (Manske and Robinson), 
241. 

5(or 4)-Carbethoxy-4-(or 5)-methy 1-2- 
glyoxaline ^sulphide (Balaban and 
King), .1867. 

Carbethoxyphenylthio-carbamides and 
-carbimides (Dyson, George, and 
Hunter), 441. • 

Carbocyanine dyes, preparation of 
(Hamer), 2796. 

Carbobydrazide, reactions of (Brown, 
Pickering, and Wilson), 107. 

2-Carbomethoxyveratrylidenepiperonyl- 
methylamina. (Malan and Robinson), 
2655. 

Carbon, bivalency of (Ward), 445, 
2285. 

linking between silicon and (Kipping), 
104. 

chains, alternating effect in (Goss, 
Hanhart, and Ingold), 250 ; 
(Baker and Ingold), 261, 832; 
(Baker), 565 ; (Ingold and Wil¬ 
son), 810; (C. K, and E. H, 
Ingold and Shaw), 813; (Cooper 
and Ingold), 836; (Baker and 
Wilson), 842; (Hanhart and In¬ 
gold), 997; (Ingold, Smith, and 
Vash), 1245; (Ingold and Smith), 
1690; (Baker and Eooleb), 2125 ; 
(Ingold and Shaw), 2918. 

Carbon sw&oxide, properties of (Edwards 
and Williams), 855. 
wzottoxide, decomposition of, in the 
corona discharge (Lunt and 
Yenkateswaran), 857. 
explosions of air and (Ellis and 
wheeler), 156. 

ignition of mixtures of hydrogen 
and air with (Maxwell, Pay- 
man, and Wheeler), 297. 
dioxide, determination of, in soil 
solutions (Flint)* 2975. 
c&sulphide, ignition of (White), 
793. 

Carbon, determination of, in soil solu¬ 
tions (Flint), 2975. 

Carbonyl chloride, thermal dissociation 
of (Ingleson), 2244. 


Carbonyl groups, determination of 
(Ellis), 848. 

OiV-Carbonyl-1:8-aminonaphthol-3:6-di- 
sulphonic acid, salts (Balaban and 
King), 3091. 

1- Carboxyanilinocycfopentanes, and 
their carboxylic acids and amides 
(Oakeshott and Plant), 492.. 

f-o-earboxybenzamidohexane-jSy-dione, 
phenylhydrazones of (Manske, Per¬ 
kin, and Robinson), 8. 

2- o-Carboxybenzoyldi-j?-tolyl ether, and 
its silver salt and phenylhydrazone 
(Reilly and Drumm), 2816. 

2-Carhoxy-3:4-dimethoxyphehylaceto- 
nitrile, 6-bromo- (Haworth, Koep- 
fli, and Perkin), 551., 

Carboxydiphenylamine-6'-arsinic acids 

(Burton and Gibson), 248. 

5'Carboxy-2-ethoxy-l-j8i38-^richloro-a- 

hydroxyethylbenzene (Chattaway 
and Prats), 689. 

5-Carboxy-2-ethoxyphenylglyoolHc 
acid, and its phenylhydrazone 
(Chattaway and Prats), 690. 

5-Carboxy-2-hydroxyaoetophenone, and 
its ww-fechloro-, and their derivatives 
(Chattaway and Prats), 691. 

m-Carboxyphenylmethylsulphine-p- > 
toluenesulphonylimine, resolution 
o f, and its cinchonidine and strychnine 
salts (Olarke, Kenyon, and 
Phillips), 188. 

Carnitine, constitution of (Crawford 
and Kenyon), 396. 

Catalysis, acid and salt effects in 
(Dawson), 218, 45$, 756, 1146, 
1290; (Dawson and Lowson), 
2107, 2444. 

by acids and bases (Lowry), 
2554. 

Cathodes, antimony, overpotential at 
(Sand, Grant, and Lloyd), 378. 

Cellohiose, constitution of (Haworth, 
Long, and Plant), 2809, 

Charcoal, heat of adsorption of gases 

by (Gregg), 1494. 

heat of adsorption of oxygen on 
(Garner and McKib), 2451; 
(Ward and Rideal), 8117. 
low-temperature oxidation of surfaces 
of (Wright), 2323. 
wood, activation of, by progressive 
oxidation (Page), 1476. 

Chemioal constitution. See under 
Constitution. 

reactions. See under Reactions. 

Chloral, action of, with arylhydrazines 
(Chattaway and Bennett), 2850. 
condensation of p-hydroxybenzoic 
acid with (Chattaway and Prats)," 

a ok * -r 
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Chloral, condensation of, with phenol 

(Chattaway and Morris), 2013. 

Chlorine, reactivity of, in chloro- 
sulphides (Bennett and Berry), 
1676. 

water, photo - decomposition of 
(Allmand, Cunliffe, and MAd¬ 
dison), 666. 

Hydrochloric acid, refractive index 
and surface tonsion of solutions 
of cohalt chloride and (Howell), 
2039. 

electrical conductivity of aqueous 
solutions of, and its mixtures 
with cobalt chloride (Howell), 
2843. 

density and viscosity of aqueous 
solutions of (Howell), 158. 
partition of, between water and 
benzene (Knight and Hinshel- 
wood), 466. 

complex formation with salts in 
solutions; of (Carter and Meg- 
son), 2023. 

Hypochlorous acid, photo-decom¬ 
position of i aqueous solutions of 
(Allmand, Cunliffe, and Mad- 
dison), 655, 

Chlorine electrodes. See under 

Electrodes, f ' 

Chromium:— ; 

Chromic chloride, compound of 
hydrochloric acid and (Parting¬ 
ton and Tweedy), 2899. 
oxide, viscosity of solutions of 
(Partington and Tweedy), 
2900. 

Hiohromatee, photochemical oxidation 
of alcohols by ( Bowen and Bunn ), 
2358. - 


Chrysinidin chloride and perchlorate 
(Pratt/, Bobertsqn, and Robinson), 
1977/ 

Cinnamaldoxlmes, ^-nitrobenzyl deriv¬ 
atives (Brady and Klein), 879. 
jfinnamio acid, condensation of, with 
pyrogallol and resorcinol (Elli¬ 
son), 1720. 

benzyl ester, absorption spectrum of 
(Purvis), 782. 

Cinnamic acids, o-cyano- (Davies and 
Poole), 2661. 

os^oCinnamyl chloride, o-cyano- (Davies 
and Poole), 2663. 

Cinnamylidenemalonic aoids, nitro-, 
methyl esters (Baker and Eooles), 
2128. 


Citric acid, formation of, from sugars 
by Aspergillus niger (Challenger, 
S UBRAMANIAM, and WALKER), 200; 
(Walker, Subramaniam, and Chal¬ 
lenger), 3044, 


Clays, action of alkalis on (Oakley). 
2819. 

coagulation of suspensions of, by 
alkali chlorides (Oakley), 3054. 

Coal, composition of (Cookram and 
Wheeler), 700. 

action of solvents on (Cookram and 
Wheeler), 700. 

reactions between oxygen and 
(Francis and Wheeler), 2958. 

Cobalt alloys with zinc, electro¬ 
deposition potentials of (Gladstone), 
641. 

Cobalt chloride, refractive index and 
surface tension of solutions of 
hydrochloric acid and (Howell), 
2039. 

electrical conductivities of mixtures 
of hydrochloric acid and 
(Howell), 2843. 

density and viscosity of aqueous 
solutions of (Howell), 158. 
nitrate, equilibrium of copper nitrate, 
water, and (Wilcox and. Bailey), 
150. 

Cobalt organic compounds 
Cobalt bases, complex compounds of 
nitrophenoxides with (Duff and 
Bills), 2370. 

Colour and molecular geometry (Moir), 
1809. 

Colouring matters. See Oarajurin and 
Carajurone. 

Combustion, slow, ionisation and chemi¬ 
cal change during (Bennett and 
Mardles), 3155. 

Compounds, conjugated, properties of 
(B'armer and Healey), 1060; 
(Farmer, Lahoia, Switz, and 
Thorpe), 2937. 

Conductivity water. Seo under Water. 

Constitution, chemical, and rotatory 
power (Clarke, Kenyon, and 
Phillips), 188. 

and the paraohor (Sugden and 
Wilkins), 189; (Sugden), 1173 \ 
(Garner and Sugden), 2877. 
and trypanocidal action (King), 
1049; (Balaban and King), 
3068. 

Co-ordination and residual affinity 
(Morgan and Burstall), 1259. 

Copper, catalytic, sintering of (Con¬ 
stable), 1578. 

poisoning of (Constable), 2995, 

Copper salts, complex, with mono¬ 
hydroxy-acids (Wark), 1753. 

Cupric carbonate, basic precipitated 
(Hepburn), 2883. 
nitrate, equilibrium of cobalt nitrate, 
water, and (Wilcox and Bailey), 
iso. ' . . ■ 
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Copper salts 

Cupric sulphate, equilibrium of 
sodium sulphate, water, and 
(Caven and Johnston), 2358, 
2902. 

sulphide, solubility of, in alkali 
sulphides in presence of sulph- 
arsenates (Davies and Monro), 
2385. 

Copper, determination of, volumetrically, 
with titanous chloride (Emmett), 
2059. 

Coumarins, substituted, action of 
Grignard reagents on (Heilbron and 
Hill), 2005. 

Coumarins, hydroxy- (Heilbron and 
Hill), 1705. 

Coumarin series (Heilbron and Hill), 
2004. 

Creosol, chloro-, and 2 -mono- and 2:5- 
di-nitro-, and their derivatives 
(Oxford), 1966. 

isoGreosol, 6 -nitro-, and its acetyl 
derivatives (Heap, Jones, and 
Robinson), 2022. 

6 -m<w 0 ~ and 5:6-d£nitro- (Oxford), 
1969. 

jp-Cresols, dinitro- (Dadswell and 
Kenner), 584. 

Critical solution temperature as a 
measure of complex formation of salts 
and acids (Carter and Megson), 
2023. 

Cryptopalmatine, and its hydrochloride 
(Haworth, Koepfli, and Perkin), 
2264. 

Crystals, prediction of structure of 
(Howell), 2843. 

Cupric salts. See under Copper. 
Cupriglycollic acid, sodium salt (Ware), 

Cuprilactic acid, sodium salt (Wark), 
1757. 

Cuprimandelic acid, salts of (Wark), 

1755. 

Cupriaalicylic acid, sodium salt (Wark), 

1756. 

Cyclic compounds, synthesis of (Vogel), 
1985. 


D, 

?i«Decanedioarboxy-amide and -anilides 
(BaRNIOOAT), 2928. 

Beoane-a/c-dicarboxylic acid, methyl 
ester (Mirchandani and Simonsen), 
377. 

%-Decanedicarhcxytolnidides ( Barni- 
ooat), 2928. 

w- and wo-Dehydrongaiene dioxides 
(MoDowall), 737. 


Dehydronndecenoic acid, ethyl ester, 
metallic derivatives of, and their 
action with alkyl halides (Myddleton 
and Berohem), 1928. 

Density, determination of (Howell), 
160. 

variation of, with temperature 
(Sugden), 1780. 

Deoxytrimethylhrazilone, synthesis of 
(Perkin, R&y, and Robinson), 2094. 

Dextrose, mutarotation of, in aqueous 
alcohols (Richards, Faulkner, and 
Lowry), 1733. 

Diacetonecarbohydrazone (Brown, 
Pickering, and Wilson), 108. 

Diacetophenonecarhohydrazone 
(Brown, Pickering, and Wilson), 
109. 

Diacetophenonehydrazidicarbohydr- 
azone (Brown, Pickering, and 
Wilson), 111. 

af-Diacetoxy-A/35-hexadiene (Farmer, 
Laroia, Switz, and Thorpe), 2960. 

Diacetyl 5-aminosemicarbazone ( Brown, 
Pickering, and Wilson), 110 . 

Diacetylbenzidine, 2*nitro-, nitration of 
(Le FkvRE, Moir, and Turner), 
2330. 

s-Di-jp-acetylphenylthiocarbamide 
(Dyson, George, and Hunter), 442. 

OiVDiacetylpicramic acid. (King), 1058. 

1 : r-DiaUyl-^'-carbooyanine iodide 
(Hamer), 2802. 

2:2'-Diallylthiocarbocyanine bromide 
(Hamer), 2802. 

Diamines, aliphatic, complex nickel salts 
of (Mann), 2904. 

s-Dianisylthiocarbamides (Dyson, 
George, and Hunter), 440. 

Diaryl ethers, scission of, by means of 
piperidine (Le FirvRE, Saunders, 
and Turner), 1168. 
substituted (Reilly, Drumm, and 
Barrett), 67; (Reilly and 
Drumm), 2814. 

Diazoaminobenzene-2'”Carboxylic acid, 
2;4*dibromo-, and 2:4-dichlcro- 
(Chattaway atid Walker), 332. 

Diazonium salts, reactions of, with 
malonyldiurethane (Whiteley and 
Yapp), 521. 

Dibenzaldehyde disulphides, dinitro-, 
and their derivatives (Hodgson ana 
Beard), 2423. 

Dibenzeneazo&cetonedioxalic acid, ethyl 
ester (Mullen and Crowe), 1752* 

Dibenzeneazochelidonic acid, ethyl 
ester (Mullen and Crowe), 1752, 

3:5-Dibenzeneazo-2; 3*dimethylpyrcne 
(Mullen and Crowe), 1753. 

2:6-Dibenzeneazopyrone (Mullen and 
Crowe), 1752. 
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2:3:5:6-Dibenzo-4:9-dihydro-l:8*naph- 
thyridine, and its salts (Haworth 
and Pink), 2348. 

Di-o-benzoylme tliylaminodiphenyl di- 
selenide (Clark), 2807. 

Dibenzoyloxydipropyl sulphide, di- 
p-nitro- (Bennett and Hock), 481. 

Dibenzyl, See $-Diphenylethane. 

Dibenzylaminoformic acid, and pp'-di- 
nitro-, methyl esters (Baker), 568. 

S'-oo'-Dibenzylbenzpinacol (Barnett, 
Cook, and Nixon), 509, 

Dibenzyldimethylammonium chloride, 
di-p-nitro- (Stedman), 1905. 

Dibenzylhydraziae monohydrochloride 
(Kenner and Wilson), 1112, 

Dibenzylhydraziae, di-o- brorno-, hydro¬ 
chloride and benzylidene derivatives 
of (Kenner and Wilson),. 1111. 

Dibenzyl ketone tliiosemicarbazone 
(Baird and Wilson), 2117. 

SS'-Dibenzyloxydibutyl sulphide (Ben¬ 
nett and Hook), 481. 

77 '-Dibenzyloxydipropyl sulphide (Ben¬ 
nett and Hook), 480. 

J3£-Di£wbutylacrylic aoid (Kon and 
May), 1554. 

9:9'-Dicarbazyl, and ^mbromo- and 
Utraiodo - (McLintook and Tucker), 
1216. 

Dicarbazylfl, and their derivatives 
(MoLintook and Tucker), 1214; 
(Maitland and Tucker), 1888. 

j85-Dicarbethoxy-7-ketopimelic acid, 
ethyl ester (Robinson and Zaki), 
2418. 

s-Dicarbethoxyphenylthiocarbamides 
(Dyson, George, and Hunter), 
442. 

s-Di-o-carhoxyphenylthiocarbamide 
(Dyson, George, and Hunter), 
444. 

Diethoxydiphenylsilicane (Kipping and 
Murray), 2736. 

af-Diethoxyhexane (Farmer, Laroia, 
Switz, and Thorpe), 2951. 

s-Diethoxyphenylthiooarbamides (Dy¬ 
son, George, and Hunter), 441. 

6-Die thy laminophenylarsenious chlor¬ 
ide, 8-nitro- (Burton and Gibson), 
2888. 

6-Diethylaminophenylarsinic acid, 
3-nitro- (Burton and Gibson), 
2888. 

Diethylaniline, 4-nitro-2-amino-, and 
its hydrochloride and benzylidene 
derivative (Burton and Gibson), 
2388, 

l:l'-Diethylcarbocyanine iodides 

(Hamer), 2800. - 

Si^'-Diethyl-S^-dicarbazyl (Maitland 
and Tucker), 1890. • 


£d-Diethylglutarimide (Sircar), 604. 

2:2'-Diethyloxacarbocyanine iodide 
(Hamer), 2803. 

aa-Diethyl-j3-phenylethyl alcohol, 
/8-amino-, deamination of (McKenzie 
and Roger), 575. 

Diethylphenylhydroxyphthalan ( Bar- 
nett, Cook, and Nixon), 510. 

os-Diethylsuccinimide (Sircar), 1254. 

2:2'-Diethylthiocarbocyanine iodide 
(Hamer), 2802. 

Diformazylcarhoxylic acid, cfo'-o-nitro-, 
urethane derivative ot (Whiteley 
and Yapp), 526. 

Di-o-formylaminodiphenyl tfiselenide 
(Clark), 2808. 

Di-o-formylmethylaminodiphenyl di- 
selenide (Clark), 2806, 

7:12-Dihydroisobenzophenarsazine, 
12-bromo- and 7-chloro- (Gibson and 
Johnson), 2511. 

-Dihydromuconic acid, ethyl and 
methyl esters (Farmer and Duffin), 
409. 

Dihydro-a-naphthols, 4-nitroso- (Rowe 
and Levin), 531. 

Dihydrongaiol, and its acetate (Mc- 
Dowall), 734. 

5:10-Dihydrophenarsazine, 10-chloro-, 
and its derivatives (Burton and 
Gibson), 247. 

action of Grignard reagents on 
(Aeschlimann), 413. 

Dihydrophenarsazines, bromonitro-, and 
chloronitro- (Gibson and Johnson), 
2513. 

5:10*Dihydrophenarsazinecarboxylic 
acids, 10-chloro- (Burton and Gib¬ 
son), 249. 

Dihydroisoquinoline derivatives, ring- 
closure in (Malan and Robinson), 
2653. 

1:4-Dihydroquinoxaline-6-arsinic acids, 
hydroxy-, and their benzoyl deriv¬ 
atives (Ewins, Newbery, and 
Stickings), 853, 

Dihydro-ra- and -wo-strychnidines, and 
their derivatives (Oxford, Perkin, 
and Robinson), 2899. 

Dihydro-ft- and -iso-strychnines, and 
their derivatives (Oxford, Perkin, 
and Robinson), 2393. 

S:5-DikQto-6-benzeneazo-2-phenyltetra- 
hydro-l:2:4-triazine (Whiteley and 
Yapp), 527. 

3:5-Diketo-2-o-nitrophenyl-6-o-nitro- 
henzeneazotetrahydro-l:2:4-triazine 
(Whiteley and Yapp), 527. 

3:5-Diketo-2-»-nitrophenyltetrahydro- 
l:2:4-triazine-6-carboxylic acid, 

urethane derivative of (Whiteley 
and Yapp), 527. V.,.;.'' 
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3:5-Biketo - 2-phenyltetrahy dro-1:2:4- 
triazine-6-carboxylic acid, urethane 
derivative of (Whiteley and Yapp). 

526. 

Diketosuccinic acid, and its anhydride 
and ethyl ester, phenyl-hydrazones 
and -osazones of (Chattaway and 
Humphrey), 1325. 
and its ethyl esters, and tolyl- 
hydrazones and -osazones of 
(Chattaway and Humphrey), 
2794. 

S:5-Diketo-6-i?-tolueneazo-2-p-tolyl- 
tetrahydro-l:2:4-triazine (Whiteley 
and Yapp), 527. 

4:5-Diketo-l-tolylpyrazolinecarboxylie 
acids, ethyl esters and tolylhydrazones 
of (Chattaway and Humphrey). 
2795. 

3:5-Diketo-2-jp-tolyltetrahydro-l :2:4- 
triazine-6-carhoxylic acid, urethane 
derivative of (Whiteley and Yapp), 

527. 

S:5-Dimethoxyacetanilide (Oakeshott 
and Plant), 489, 

8:5-DimethoxyaniIine (Oakeshott and 
Plant), 489. 

DimethoxyaniUno-l-cyanocg/cfopentane 
(Oakeshott and Plant), 489. 

2:4-Diraethoxybenzaldehyde, 3:6-dz- 
hydroxy- (Chapman, Perkin, and 
Robinson), 3029. 

2:2'-Dimethoxyhenzil, surface tension 
and density of (Garner and Sugden ), 
2882. 

2:4-Dimethoxybenzoic acid, 3-nitro-, and 
its methyl ester (Dadswell and Ken- 
NER), 687. 

Dimethoxybutyramide, liydroxy- 
(Avery, Haworth, and Hirst), 
2315. 

8:3'-Dimethoxy-4:4'-dibenzyloxydi- 
atyryl ketone, and its &£rabroraide 
( Dickinson, Heilbron, and Irving), 
1896. 

3:3'-Dimethoxy~4:4'-diethoxydistyryl 
ketone (Dickinson, Heilbron, and 
Irving), 1894. 

3:11-Dimethoxydihydroprotoberberine, 
and its salts (Ohakravarti, Ha¬ 
worth, and Perkin), 2271. 

3;4'-Dimethoxy-6:8-dimethylflavylium 
chloride, 5-hydroxy- (Robertson and 
Robinson), 2204. 

3:4'-Bimetlioxyflavylinm * chloride 
(Robertson and Robinson), 2203. 

3':4'-Dimethoxyflavylium chloride, 

5:7-cfohydroxy- (Pratt, Robertson, 
and Robinson)> ( 1981. 

6:4'- Dimethoxyflavylium chloride, 

, 5:7-^hydroxy- (Chapman, Perkin, 
and Robinson), 3039. 


3:4-DimethoxyhomophthaUc acid, and 
6-bromo-, and their anhydrides (Haw¬ 
orth, Koepfli, and Perkin), 551, 

6:7-Dimethoxy-l“hydrindone, 4-bromo-, 
and its oxime and 4-bromo-2-m- 
nitroso- (Haworth, Koepfli, and 
Perkin), 550. 

5:6-Dimethoxyindole, and its 1-acetyl 
derivative and its 2-carboxylic acid 
(Oxford and Raper), 417. 

2:6*Dimethoxymethylbenzaldehydes 
(Robertson and Robinson), 2201. 

2:6-Dimethoxy-4-methylbenzoic acid, 
derivatives of (Robertson and 
Robinson), 2200. 

5: G-Dimethoxy-S'^'-methylenedioxy- 

1- benzoyl-3:4-dihydro woq.uinoline, 
6'-bromo- (Haworth), 2284. 

5 rG-Dimethoxy-S'^'-methylenedi oxy-1- 
henzyl-3:4-dihydrowoquinoline (Haw- 

. ORTH), 2284. 

6 .*4'-Dimethoxy-4-methylflavylimn salts, 

5:7-<£ihydroxy- (Chapman, Perkin, 
and Robinson), 3034. 

5:6-Dimethoxy-2-methyl-l:2:3:4-tetra- 
hydro&oquiuoline, and its salts and 
derivatives, and 8-nitro- (Haworth), 
2283. 

3:11-Dimethoxyoxyprotoberberine 
(Ohakravarti, Haworth, and 
Perkin), 2273. 

4:5-Dimethoxyphenylacetio acid, 

2- nitro- (Oxford and Raper), 419. 

3-mp-Dimethoxyphenyl-5-0i^dimeth- 

oxystyryl-A 6 -c 3 /cZohexen-l-one, and 
its semicarbazone (Dickinson, Heil¬ 
bron, and Irving), 1892. 

3-m^-Dimethoxyphenyl-5-??zp-dimeth- 
oxystyryl-A 5 -ci/c^hexen-l-one-2- 
carboxylic acid, ethyl ester (Dickin¬ 
son, Heilbron, and Irving), 1892. 

3-2:3-Dimethoxyphenylethylamine, and 
its salts (Haworth), 2282. 

4':7-Dimethoxy-2-pheny 1-5-methyl- 
benzopyrylium salts (Hirst), 2494. 

iS-2:3-Difihoxyphenylpropionamide 
(Haworth), 2282. 

4:5-Dimethoxyphenylpyruvic acid, 
2-nitro-, and its phenylhydra&one 
(Oxford and Raper), 418. 

Dimethoxyphenylthio-carbamides and 
-carhimidea (Dyson, George, and 
Hunter), 441. 

5:6-Dimethoxy-3-piperonylwoquinoline, 
4-hydroxy- (Malan aud Robinson), 
2655. 

Sill-Dimethoxyprotoberherinium salts, 
synthesis of (Ohakravarti, Haw¬ 
orth, and Perkin), 2266. 

4:5-Dimethoxyresorcinol, and its 2i6-di- 
acetyl derivative (Chapman, Perkin, ■ 
and Robinson), 3081, ■ -v, 
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3:4-Dimethoxystyryl methyl ketone, 
dimeride and semicarbazone of (Dick¬ 
inson, Heilbron, and Irving), 1891. 

SsS'^'-Dimethoxystyryl-jS-naphtha- 
pyrylium chloride (Dickinson and 
Heilbron), 19. 

Z-Dimethoxysuccinamide (Haworth 
and Jones), 2352. 

i- } d- t and Z-Dimethoxysuccinomethyl- 
amides (Haworth and Jones), 2351. 

8:11-Dimethoxytetrahydroprotoberber- 
ine, and its salts (Chakrayarti, 
Haworth, and Perkin), 2271. 

2:4-Dimethoxytoluene, 5-nitro- (Dads- 
well and Kenner), 585. 

j8£'-Dimethyladipic acid, ethyl ester 
(Vogel), 1991. 

1 -Dimethylaminobenzthiazole, and 
5-ehloro-, and their bromides 
(Hunter and Styles), 1211. 

0- Bimethylaminodimethyldiethyl- 
ammonium picrate (Hanhart and 
Ingold), 1011. 

Di-o-methylaminodiphenyl cfo’sel enide 

(Clark), 2807. 

l-Bimethylammo-5-ethoxybenzthiazole, 
and ita tetrabromide (Hunter and 
Styles), 1212. 

7 -Dimethylamino-a-hydroxy-w-butyro- 
nitrile methochloride, and its salts 
(Crawford and Kenyon), 400. 

l-Bimethylamino-5-methoxybenztM- 
azole, and its tetrabromide (Hunter 
and Styles), 1212. 

1 - Dimethylaminomethylbenzthiazoles, 
and their bromides (Hunter and 
Styles), 1212, 

2- DimethyUmino-j3-naphthathiazole, 
and its tetrabromide (Hunter and 
Styles), 1213. 

jp-Bimetkylaminophenylthio-carbamide 
and -carbimide (Dyson, George, and 
Hunter), 442. 

4'-Dimethylaminostilbene, 2:4-d£nitro-, 
and its ohloroplatinate (Nisbet), 
2088. 

3- ^-Dimethylaminostyryl-j9-naphtha- 
pyrylium j»rohlorate (Dickinson 
and Heilbron), 19. 

Dimethylaniline, 3:5-<&chloro-4-nitro- 
(Hodgson and Wignall), 2221 , 
&iodo- and $-iodo-4-nitroso- (Hodg¬ 
son and Wignall), 1145. 

Dimethylanilines, 3-halogeno-4-nitroso-, 
and their reactions with alkalis (HoDg- 
son and Wignall), 1144. 

2;3-DimethylcycZobutane-l:4-dicarb- 
oxylie acids, and their ethyl esters 

e and anhydrides (Vogel), 1992. 

£7-Dimethylbutane-aa$5-tetracarb- 
oxylic acids, and their ethyl ester 
V0GEL)j 1990. " 


2:3-Dime thy Itf/cZobutane-1:1:4:4-tetra- 
carboxylic acid, ethyl ester (Vogel). 
1991. 

/ 87 -Dimethyl-Ay-butene, ^-hydroxyl- 
amino-, hydrochloride, and its con¬ 
densation product with salicy] aldehyde 
(Earl and Kenner), 2142. 

Dime thy lmbutylamine (Hanhart and 
Ingold), 1017. 

Dimethylfoobutylammonium picrate 
(Hanhart and Ingold), 1017. 

1 : l'-Dimethyl-4:4'-carbocyanine iodide 
(Hamer), 2801. 

5^-Dimethyl* Ayq-decadiene, ef-^’bromo- 
(Farmer, Laroia, Switz, and 
Thorpe), 2957. 

Sjz-Dimethyl-Ayu-decadiene-fC-diol 
(Farmer, Laroia, Switz, and 
Turner), 2957. 

6:6'-Dimethyl-l:l'-diallyl-2:2'-carbo- 
cyanine bromide and iodide (Hamer), 
2800. 

9:9'-Dimethyl-3:3'-dicarbazyl (Mait¬ 
land and Tucker), 1390. 

Dimethyldiethylammonixun hydroxide, 
i8-chloro-, and 0-hydroxy-, and their 
salts (Hanhart and Ingold), 1013. 

10:10-Dimethyl-5:10-dihydrophenars- 
azonium iodide (Aeschlimann), 416. 

3: S'-Dimethy Idi-jS-naphthaspiropyran 
(Dickinson and Heilbron), 1703. 

iW'-Dimethyldiphenylbenzidine (Mait¬ 
land and Tucker), 1392. 

Dimethylethylammoninm picrate, 0- 
chloro- (Hanhart and Ingold), 
1014, 

Dimethylethylene dftsulphoxides (Bell 
and Bennett), 1803, 

Dimethylethylethylenediammoninm di- 
picrate (Hanhart and Ingold), 
1010 . 

Di(methyl ethyl ketone)carbohydrazone 
(Brown, Dickering, and Wilson), 
109. 

Dimethylethyl-ft-propylammonium 
hydroxide and ioaide (Hanhart and 
Ingold), 1005. 

6 : 8 -Dimethylflavylium salts, tri- and 
ZeZra-hydroxy- (Robertson and Rob¬ 
inson), 2204. 

00 -DimethyIglutarimide (Sircar), 604. 

1 : l-Dimethylc^cZchexane-SiS-dione, and 
its derivatives, molecular conductiv¬ 
ities of (Graham, Macbeth, and 
Orr), 745, 

af-Dimethylhexatriene (Farmer, 
Laroia, Switz, and Turner), 2957. 

Dimethylhydroxymethylglyoxalines, 
and their salts (Grindley and Py- 
man), 3132. 

iodide (^Sc^ETT^d^LocK)^^^ 
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Dimethyl- 7 -iodopropylsulphonium 
iodide, aud its salts (Bennett and 
Hock), 2493. 

Dimethyl 7 -mannonolac tone, and its 
acetone compound (Goodyear and 
Haworth), 3142. 

DimethyMfero- 8 -phenylethyUmmoniTim 
salts (Goss, Hanhart, and Ingold),. 
255. 

2:2'-Dimethyloxacarbocyanine iodide 
(Hamer), 2803. 

2 :2-Dimethylc^cZ0pentane-3:4-dione-l - 
carboxylic acid, derivatives of (Gib¬ 
son, Hariharan, and Simonsen), 
3014. 

2:2-Dimethylc?/cZcpentan-3-one-l-carb- 
oxylic acid, and its metbyl ester, 
ana 4:4-btbromo-, metbyl ester (Gib¬ 
son, Hariharan, and Simonsen), 
3012. 

3:3-Dimethylcycfopentan- 2 -one - 1 :4-di- 
carboxylic acid, ethyl ester (Gib¬ 
son, Hariharan, and Simonsen), 
3012. 

2:2-Dimethyl-A 4 - and -A 5 -cycZc>penten-3- 
one-1-carboxylic acids, • 4-hydroxy-, 
and the 4-acetyl derivative of the 
latter (Gibson, Hariharan, and 
Simonsen), 3013. 



Dimetbyl-w-propylammonium piciate 
(Hanhart and Ingold), 1007. 

Dimethylpyrone, action of bromine on 
(Collie and Klein), 2162. 

2:6-Dimethylquinoline alliodide and 
allobromide (Hamer), 2800. 

2:4-Dimethylquinoline, amino-, cbloro-, 
chloroamino*, and chloronitro-deriv- 
atives, and their salts (Roberts and 
Turner), 1845. 

^gr 3-DimethyM:2;3:4-tetrahydroqninox- 
alines, stereoisomeric, and their deriv* 
. atives (Gibson), 342. 

2 :2'-Dimethylthiocarbocyanine iodide 
(Hamer), 2802. 

Di-£«naphtha$;w>opyran (Dickinson 
and Heilbron), 20. 

Di-iS-naphtha^Vopyran-SiS'-dicarb- 
» oxylio acid, ethyl ester (Diokinson 
and Heilbron), 1704. 

Di-£-naphthyliminotetrahydrothiodi- 
azole (Baird, Burns, and Wilson), 
2583. 

Dioxydiphenyltetrahydroindoloquino- 
line, and its derivatives (Fawcett 
and Robinson), 2260. 

Dioxyhydroxydihydrostrychnidine (Ox¬ 
ford, Perkin, ana Robinson), 
2407. : 


D io xyhy dr oxyhexahy dros try cbnine (Ox¬ 
ford, Perkin, and Robinson), 2407. 

Dioxymethoxymethyldihydrobrucidine, 
and its derivatives (Gulland, Per¬ 
kin, and Robinson), 1643, 

Diphenic acid, and mono- and bt-nitro-, 
and their derivatives (Bell and Rob¬ 
inson), 1696. 

Diphenic acid, mono- and feira-nitro-, 
and their salts aud derivatives (Bell 
and Robinson), 2236. 

Diphenic acids, optically active, stability 
of (Bell and Robinson), 2234, 

Diphenoxy diphenyleilicane ( Kipping), 
2731. 

Diphenoxyoctaphenylsilicotetrane ( Kip¬ 
ping), 2732. 

Diphenyl, 2-amino-, btbromo-, mono- 
and bi-bromoamino-, btchloro-, 
mono- and bt-chloroamino-, 3:4'- 
binitro-, mono- and bt-nitroamino* 
and nitrobromo-, and their deriv¬ 
atives (Scarborough and Waters), 
91. 

3- amino- and 3-nitro-, substituted 
derivatives of (Blakey and Scar¬ 
borough), 3000. 

eft-4-amino-, bromonitro-, bromo- 
nitroamino-, chlorobromo-, chloro- 
bromoamino-, 3:4'-btaitro-, and 3:4'- 
btnitro- 4 -amino~, and their deriv¬ 
atives (Scarborough and Waters), 
1133. 

bromoamino-, bromohydroxy-, bromo- 
nitroamino-, and bromonitro- 
hydroxy-derivatives, and their 
derivatives (Bell and Robinson), 
1130. 

4 - bromo -3:4'-^tnitro-, 4:4'-btbromo- 

2:5:8'-innitro-, and S'lS^'-ironitro- 
4-amino-, and their derivatives 
(Le FEvre, Moir, and Turner), 
2337. 

Diphenyl ethers, bromonitro-4-chloro* 

4'-amino-, and chloronitro- (Le 
F^ivre, Saunders, and Turner), 
1171. 

bisulphide, oo'-bmmino-, and oo'+di* 
ammodibromo-dicinnamyl deriv¬ 
atives (Mills and Whitworth), 
2747. 

bi- and in-sulphides, btbromo-, and bi- 
bromonitro-, and btchloro- and bf- 
chloronitro* (Brooker, Child, and 
Smiles), 1387. 

Diphenyl series (Bell and Robinson), 
1127, 1695, 2234 ; (Le FAvre, Moir, 
and Turner), 2830. 

Diphenylamine, jp-hydroxy-. brorno-, 
chloro-, and cblorobromo-derivatives 
of, and their derivatives (Bradfjceld, 
Cooper, and Orton), 2854, ; 

5 S :• WW 
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Diphenylamine-6'-arsinic acid, and 
nitro- (Gibson and Johnson), 
2507. 

Diphenylaraine-6'-bfehloroarsme, 2- 
nitro- (Gibson and Johnson), 251S. 

9:10-Diphenyl anthracene, 1-chloro- 
(Barnett, Cook, and Wiltshire), 
1728. 

1:5-bichloro- (Barnett, Cook, and 
Wiltshire), 1732. 

Di-a-phenylbutyl sulphide (Evans, 
Mabbott, and Turner), 1167. 

Diphenylchloromethane, displacement 
of chlorine from (Ward), 2285. 

2:2-Diphenyl- A 8 - chromen, 4-h y droxy- 

(Heilbron and Hill), 2010. 

aj8Diphenyhaj8-<fo'cyanosuccinic acid, 
di-p- nitro-, ethyl ester (Fairbourne 
and Fawsqn), 49. 

aa'-Diphenyldiethyl ether, formation of 
(Ward), 454. 

9;10-Diphenyl-9:lO-dihydroanthracene, 
l;5:9:10-&2rachloro- (Barnett, Cook, 
and Wiltshire), 1729. 

9:10-Diphenyl-9:10-dihydroanthranol, 
l:5-bichloro- (Barnett, Cook, and 
Wiltshire), 1732. 

9:10-Diphenyl-9:10-dihydroanthra- 
qninol, l:5-bichloro- (Barnett, Cook, 
and Wiltshire), 1728. 

j3j8^Diphenyl-A0-aihydromuconic acids, 
isomeric, and their ethyl esters 
(Farmer and Duefin), 412. 

2:2-Diphenyldimethyl-A 3 -chromens 

(Heilbron and Hill), 2011. 

Diphenyldimethylsilicane (Kipping), 
107. 

9:9-Diphenyl-10:10 diphenylmethylene- 
9:10-dihydroanthracene (Barnett, 
Cook, and Nixon), 511. 

Diphenyldi-o-tolylpinacol (Boyd and 
Hatt), 905. 

5-Diphenylethane {dibenzyl), 2:2 f +di» 
bromo- (Kenner and Wilson), 
1111 . 

4:4'-bibromo-8;8'-binitro- (Le F^vre 
and Turner), 1120. 

Di(£-phenylethyl)dimethylamraonium 

salts (Hanhart and Ingold), 
1009. 

«£-Diphenylhexatriene, and dir, tetra-, 
and tea-bromo- (Farmer, Laroia, 
Switz, and Thorpe), 2955. 

Diphenyl-2-hydroxy-j5:4-dimethyl- 
styxylcarhinol (Heilbron and Hill), 
2011. 

Diphenylhydroxyethylamine g, optically 
active, and their salts and derivatives 
(Bead and Steele), 910. 

; ■ • b-Diphenylhydroxyethylamino-b- • 
methylen&camphor (Bead and 
Steele), 914. 


Diphenylmethane, 4:4'-bfchloro-, 4:4'- 
bichloro-3:3'-bmitro- and 3:3'- 
binitro-, dipiperidino-derivative (Le 
FEvrb and Turner), 1120 . 

2:4-Diphenyl-3*methylohroman-2-ol 
(Heilbron and Hill), 2012. 

2:2* Diphenylmethyl-A*-chromens 
(Heilbron and Hill), 2010. 

Diphenylmethylsilicyl oxide (Kipping), 
106. 

j8/8'-Diphenylmuconic acid, and its 
isomeric ethyl esters (Farmer and 
Duffin), 411. 

2:5-Diphenyloxazoles, btnitro-, isomeric 
(Ingham), 698. 

1:4-Diphenylpiperazine, op-dinitro- and 
oop-in'nitro- (Le FRvrk and Turner), 
1120. 

5:6-(2';3'-Diphenylpyrrolo)(4':5')- 

quinoline, and its salts (Fawcett 
and Robinson), 2256. 

2:4-Diphenylquinoline, 5- and 7-amino- 
(Fawcett and Robinson), 2258. 

1:2-Diphenyl-4-<piinolone (Chapman), 
1746. 

2:3-Dipheny lquinoxaline, nitro-deriv- 

atives (Chattaway and Coulson), 
578. 

Diphenylsilioon bichloride, preparation 
of (Kipping and Murray), 2734. 

2-4-Diphenyl-5:6-(4';5 / :6':7'-tetrahydro- 
indolo)(2':3')-ctninoline (Fawcett and 
Robinson), 2259. 

s-Diphenyl thio carbamide, bi-p-amino-, 
acetyl derivative, bzbromo-, bicyano-, 
and biiodo- (Dyson, George, and 
Hunter), 442, 

Diphenylthiolci/cZobutane, bi-w-nitro- 
( Bennett and Berry), 1673. 

Diphenyl-o-tolylcarbinol, ethyl ether of 
(Boyd and Hatt), 906. 

waj-Diphenyl-o-tolyldiphenylcarbinol 
(Barnett, Cook, and Nixon), 506. 

ay-Diphthalimido-jS-methylpropane 
(Mann), 2915. 

ay-Diphthalimidoisopropyl bromide 
(Mann), 2912. 

Dipiperidinobenzenea, 1 -mono- and 2:4- 
bi-mtro- (Le F4vre and Turner), 
1117. 

4:4'-Dipiperidinodiphenylsulphone, 3:3'- 
binitro- (Le Frvre and Turner), 
1117. 

Di(piperonylmethyl)amine (Malan and 
Robinson), 2655. 

s-Dipropenylethylene glycol, bibromo- 
(Farmer, Laroia, Switz, and 
Thorpe), 2956. 

Dipropionic acid, thio-, and its deriv¬ 
atives (Bennett and Soorab), 196. 
-Dipropylaorylic acid, derivatives, of 
(Eon and Mat), 1552. 
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Disaccharides, constitution of (Haworth 
and Long), 544; (Haworth, Hirst, 
and Nicholson), 1513 ; (Charlton, 
Haworth, and Hickinbottom), 
1527 ; (Avery, Haworth, and 
Hirst), 2308; (Haworth, Long, 
and Plant), 2809 ; (Haworth, 
Loach, and Long), 3146. 

Dissociation constants, determination 
of, spectrographically (Morton and 
Tipping), 1398. 

Distyryl ketones, interaction of ethyl 
acetoacetate with (Heilbron and 
Hill), 918. 

Distyryl ketones, o-hydroxychloro- 
(Heilbron and Hill), 918. 

Disulphoxides, cis-£ran$-isomerism of 
(Bell and Bennett), 1798. 

jS-Dithian dioxide (Bell and Bennett), 
1801. 

Di-o^tolyl selenide (Porritt), 29. 

Di-^-tolyl ether, and its nitro-derivatives 
(Reilly, Drumm, and Barrett), 
67. 

Friedel and Crafts’ reaction with 
(Reilly and Drumm), 2814. 
ethers, amino-, 3-nitro-, and 6-nitro- 
2-amino-, and their salts and deriv¬ 
atives (Reilly and Barrett), 
1399. 

Di-o-tolylcarbinol (Boyd and Hatt), 
908, 

Di-^- tolylfor mazylcar b oxy lic acid, and 
its urethane derivative (Whiteley 
and Yapp), 326. 

s-Divinylglycol (Farmer, Laroia, 
Swrrz, and Thorpe), 2946. 

s-Di-m-xylyl-2-thioearbamide (Dyson, 
George, and Hunter), 440. 

Drying, effect of, on properties (Baker), 


E. 

Electrodes, effect of uneven distribution 
of current density over (Hedges), 
2710. 

chlorin e, platini-platino -chloride 

(Miller ana Terrky), 605. 
hydrogen, use of, with organic bases 
(Prideauk and Gilbert), 2164. 
mercurous chloride-mercuric chloride, 
oxidation-reduction potentials of, 
in hydrochloric acid (Carter and 
Robinson), 1912. 

merenry-mercurous chloride, potential 
of, in hydrochloric acid (Carter, 
Lea, and Robinson), 1906. 

Electro-endosmosis of aqueous solutions 
through glass diaphragms (Hepburn), 
3163. 


Electrolytic polarisation (Glasstone), 
641. 

Emetamine, and its salts (Brindley 
and Pyman), 1074. 

Enzymes, research on (Willstattek), 
1359. 

Ephedra , 7-methylephedrine from 
(Smith), 2056. 

Ergosterol, absorption spectrum of, 
with reference to photosynthesis of 
vitamin-.# (Morton, Heilbron, and 
Kamm), 2000. 

woErucic acid, and its zinc salt and 
derivatives (Mirohandani and 
Simonsen), 371. 

Esters, aliphatic, interaction of potassium 
m-tolyloxide with (Smith), 170. 
carboxylic, action of Grignard reagents 
on (Boyd and Hatt), 898. 

Esterification in mixed solvents (Bhide 
and Watson), 2101. 

2-Ethoxyacetophenone, to»-<fo‘chloro-3:5- 
dhhitro-, and its osazone (Chattaway 
and Morris), 2016. 

4- Ethoxyanisole, 2-nitro-, crystallo¬ 
graphy of (Clarke, Robinson, and 
Smith), 2653. 

5- Ethoxybenzthiazole, 1-amino-, and its 
tetrabroinide hvdrobromide (Dyson, 
Hunter, and Morris), 1191. 

7 -Ethoxycrotonaldehyde (Farmer, 
Laroia, Switz, and Thorpe), 2952. 

a-Ethoxyhexane (Farmer, Laroia, 
Switz, and Thorpe), 2951. 

Ethoxymethyldihydrobrucidine meth- 
iodiae (Gulland, Perkin, and 
Robinson), 1649. 

(Olemo, Perkin, and Robinson), 
1616. 

5 -^-Ethoxyphenyldimethylthiocarbam- 
ide (Hunter and Styles), 1212. 

Ethoxyphenylthio-carbamides and 

-carbimides (Dyson, George, and 
Hunter), 441. 

4-Ethoxyphenylthio-carbamide and 

-carbimide, 2-nitro- (Dssqn, George, 
and Hunter), 444. 

EthVl alcohol, dehydration of (Smith), 
1288. 

effect of temperature on solubility in 
aqueous mixtures of (Wright), 
1334. 

surface tension of (Mills and Robin* 
son), 1823. 

determination of water in (Smith), 
1284. 

Ethyl ether, viscosity of, at low temper¬ 
atures (Archibald and Urk), 
610. 

propagation of flame in mixtures of 

| air and (White), 498, 
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Ethyl ether, action of, on silicon tetra¬ 
chloride (Kipping and Murray), 
2734. 

aj8-^‘chloro-aj3j3-^n’bromo- (Smith), 

1101 . 

iodide, preparation of (Jones and 
Green), 928. 

o-Ethylaminophenylarsinic acid, and 
nitroso-, and its silver salt and acetyl 
derivative (Burton and Gibson), 
2387. 

Ethylbenzene, a - and $-chloro-, re¬ 
actions of (Ward), 445. 

j3-Ethylbutane-y5$-tricarboxylic acid, 
£-hydroxy-, y-lactone (Siroar), 1258. 

10-Ethyl-5:10-dihydrophenarsazine 
(Aesohlimann), 416. 

a-Ethyl-ajS-diphenylethyl alcohol, 3- 
ainino-, deamination of, and its hydro¬ 
chloride (McKenzie and Roger), 576. 

Ethylene, action of nitric acid on 
(MoKie), 962. 

sulphides, polymeric (Bell, Ben¬ 
nett, and Hock), 1803. 

Ethylenediamminocobaltic salts with 
nitrophenoxides (Duff and Bills), 
2372. 

Ethylenediamminocupric sulphite, 
hydrated (Morgan and Burstall), 
1266. 

Ethylene glycol, wionothiol- (Bennett 
and Berry), 1666. 

7 -Ethylfructoaide(ALLPREss, Haworth, 
and Inkster), 1235. 

a-EthylcycZohexaneacetio acid, 1-hydr¬ 
oxy-, and its silver salt (Kon and 
Narayanan), 1359. 

a-Ethyl-A 1 -cycZohexenylacetie acid, de¬ 
rivatives of (Kon and Narayanan), 
1540. 

a-Ethylcycfopentaneacetic acid, 1- 
hydroxy-, and its silver salt and 
ethyl ester (Kon and Narayanan), 
154$. 

o«EthylcycZopentane-l:l-diacetic acid, 
and its silver salt (Kon and Naraya¬ 
nan), 1544. 

o-Ethyl-A 1 -cycZopentenylacetic acid, and 
its silver salt and derivatives (Kon 
and Narayanan), 1543. 

a-Ethyhjyc^pentylideneacetic acid, and 
its derivatives (Kon and Narayanan), 
1648./ 

10-Ethylphenoxarsine sulphide (Aesoh¬ 
limann), 415. 

2-Ethylthiol-4(or 5)-methylglyoxaline, 
and its salts (Balaban and King), 
I860. 

2-Ethylthiol-4(or 5)-methylglyoxaliue- 
5{or 4)'-carhoacylio acid, and its ethyl 
ester* and their salts (Balaban and 
/:/••' KjENG), 1866. : . /- ;./:./• ' 


5 -Ethylthiosemicarbazide dihydro¬ 
chloride (Baird, Burns, and Wilson), 
2529. 

Explosions, striated photographs of 
waves of (Campbell and Woodhead), 
1572. 

F. 

Faraday Lecture (Willstatter), 1359. 

Fats, natural, constitution of glycerides 
in (Hilditch and Lea),. 3106. 

Fenchene series (Short), 981. 

opoFenchocamphorio acid, synthesis of 
(Short), 961. 

Ferric salts. See under Iron. 

Flame, movement of, in closed vessels 
(Ellis and Wheeler), 153, 310. 
propagation of, in mixtures of ether 
and air (White), 498. 
propagation of, in mixtures of hydrogen 
and air (Georgeson and Hartwell), 
265. 

propagation of, in mixtures of methane 
and air (Chapman and Wheeler), 
38. 

Flavanhydr one, 4'-hydroxy- ( Irvine and 
Robinson), 2090. 

Flavanone, 7-hydroxy-, and its acetyl 
derivative (Ellison), 1722. 

Flavopnrpurin-anthranol, and its acetyl 
derivatives (Cross and Perkin), 
1304. 

Flavylium chloride, 3:7-dihydroxy- 
(Robertson and Robinson), 245. 
5:7-cfo*hydroxy-. See Chrysinidin 
chloride, 

5:6:7-2rihydroxy- (Chapman, 
Perkin, and Robinson), 3040. 
5:7:4'-tfrohydroxy% See Apigenin- 
idin chloride. 

3:7;2':4'-&$rahydroxy-. See Reso- 
morinidin chloride. 

salts, hydroxy- (Irvine and Robin¬ 
son), 2089. 

3:4 '-^'hydroxy- (Robertson and 
Robinson), 2203. 

Flax, constituents of cell-wall of fibres 
of (Casemorb), 718. 

Fluorenone-4-carboxylic acid, mono - and 
2r£-nitro- (Bell and Robinson), 
2238. 

Formaldehyde, condensation of gly- 
oxalines with (GRlNDLEYand Pyman), 
3128, 

Formazylcarhoxylie acid, urethane 
derivative of (Whiteley and Yapp), 
526, 

a-Formylphenylacetic acid, ethyl ester, 
condensation of phloroglucinol with 
(Baker), 2899. 

Fructose. See Lsevulose. 
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«* and jB-Furfdraldoximes, and their 
derivatives (Beady and Goldstein). 
1960, 

G. 

Galactose, structure of (Haworth, 
Hirst, and Jones), 2428. 

Gallic acid, w-propyl ester (Clarke, 
Robinson, and Smith), 2649. 

Gases, heat of adsorption of, by 
charcoal (Gkegg), 1494. 
ignition of (Walls and Wheeled), 
291, 

mixed, combustion of (Maxwell, 
Payman, and Wheeled), 297. 

Gelatin, second isoelectric point of 
(Ghosh), 1250, 

Gentisaldehyde. See Benzaldehyde, 
2:5-dihydroxy-. 

Gentisin, constitution of (Shinoda), 
1983, 

woGentisin (Shinoda), 1985. 

Glass, adsorption of benzene vapour by 
(Lenher), 272. 

Glass powder, sintered, electroendosmosis 
of aqueous solutions through dia¬ 
phragms of (Fairbrother and 
varley), 1584; (Hepburn), 3163. 

^-Glucose. See Dextrose. 

Glucosides, syntheses of (Robertson), 
1937. 

Glucosides, See also j— 

Indican, 

Quercimeritrin. 
isoQuercitrin. 1 

Rutin. 

Xanthorhamnin. 

3- Glucosidoxyacetophenone, «- 0-tetra- 
aoetyl derivative (Robertson and 
Robinson), 243. 

4- Glucosidoxy-2-hydroxybenzaldehyde, 
G-tetra-acetyl derivative (Robertson 
and Robinson), 245, 

5- £-Glucosidoxy>7-hydroxyflavylium 
chloride (Robertson and Robinson), 
244. 

4'-#-Glucosidoxy-5:Mihydroxy.3- 
methoxyfiavylium chloride (Robert¬ 
son and Robinson), 1714. 

3-$-Glucosidoxyindole-2-carboxylic 
acid, and its methyl ester and amide 
(Robertson), 1940. 

7-GlucasidQxy*3:3':4'-trimethoxy- * 
flavylium chloride (Robertson and 
Robinson), 246. 

Glutaconic acids (Farmer and 
Richardson), 55. 

Glutarimides, substituted, stability of 
(Sircar), 600. 

Glutaro-p-bromoanilide and -toluidides 
(Barnicoat), 2928. 


dZ-Glyceraldehyde, preparation and 
properties of (Reeves), 2477, 

Glycerides, constitution of, in natural 
fats (Hilditoh and Lea), 3106. 

Glyoxalines, condensation of, with form¬ 
aldehyde (Grindley and Pyman), 
3128, 

sulphonation of (Barnes and Pyman), 
2711. 

Glyoxalines, 2-thiol-, gold and mercury 
derivatives of (Balaban and 
King), 1858. 

colour reactions of (Balaban and 
King), 1873. 

Glyoxaline-2-sulphonic acid, and its 
barium salt (Barnes and Pyman), 
2712. 

Glyoxylic acid, and its esters, cfabromo-, 
i&ehloro-, and chlorobromo-phenyl- 
hydrazones of (Chattaway and 
Bennett), 2851. 

Grignard reagents, action of, on carb¬ 
oxylic esters (Boyd and Hatt), 898. 

Gnaiacol chlorobenzyl ethers, nitration 
of (Oxford and Robinson), 2239. 


H« 

Haematoxylin, and its derivatives (Per¬ 
kin, Ray, and Robinson), 2094. 

Halogens, lability of, in organic com¬ 
pounds (Graham, Macbeth, and 
Orr), 740. 

reactivity of, in naphthalene deriv¬ 
atives (Shoesmith and Rubli), 
3098. 

Halogen compounds, action of alkali 
sulphites with (Evans, Mabbott, 
ana Turner), 1159. 

Halogen hydrides, neutralisation of 
alkalis with (Askew), 966. 

Halogenonitro-compounds, piperidine as 
reagent for (Le F$ivhe and Turner), 
1118. 

Harmalan (Manske, Perkin, and 
Robinson), 11. 

Harmaline (Manske, Perkin, and 
Robinson), 1. 

Harman (Manske, Perkin, and Robin* 
son), 11. 

Harmine (Manske, Perkin, and Robin¬ 
son), 1. 

Heat of crystallisation and melting 
point of homologous scries (Garner 
and Rushbrooicb), 1351. 

Hendecamelezitose (Leitch), 591. 

cycZoHeptylideneacetic acid (Kon and 
May), 1554. 

isoHeptylmalcnio acid, ethyl hydrogen — 
ester (Kos and May), 1564. 
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$-Heptylthiosemicarbazide, and its 
hydrochloride and benzylidene deriv¬ 
ative (Baird, Burns, and Wilson), 
2583, 

Heterocyclic compounds, influence of 
groups and rings on stability of 
(Sircar), 600, 1252, 1257. 
polynuclear (Fawcett and Robinson), 

Hexadienes, dftbromo-, and their derive 
atives (Farmer, Laroia, Switz, and 
Thorpe), 2949. 

A«Hexadien-y-in (Farmer, Laroia, 
Switz, and Thorpe), 2948. 
tfrans-Hexahydrocarbazole, and its deriv¬ 
atives (Gurney, Perkin, and Plant), 
2676. 

Hexahydrocarbazole, amino-, bromo- and 
nitro-derivatives, and their acetyl aud 
benzoyl derivatives (Gurney and 
Plant), 1316. 

£ra?is-Hexahydrohomophthalimide (Sir- 
car), 1255. 

^raTW-Hexahydrophthalimide (Sircar), 
1254. 

Hexahydrostrychnine, and its diacetyl 
derivative (Oxford, Perkin, and 
Robinson), 2403, 

Si&BiS'id're'-Hexamethoxydiantlirone 
(Macmaster and Perkin), 1309, 
Hexamethyletbylenediammonium di- 
picrate (Hanhart and Ingold), 
1012. 

B8i3:l':3';3'-Hexamethylindocarbo- 
cyanine iodide (Hamer), 2804. 
cycZoHexane, photobromination of 
(Wood and Rideal), 2466. 
ci/cZoHexanediacetimide (Sircar), 604. 
cycZoHexanesytro-2-ethylcycZohexane- 
3;5-dione (Kon and Narayanan), 
1542. 

cycZoHexane jjt?zVoci/cZwhexane-3:5 > dione, 
and its derivatives, molecular conduct¬ 
ivities of (Graham, Macbeth, and 
Orr), 745, 

cycZoHexanespirosuccinimide (Sircar), 
1254. 

Hexatriene, structure and behaviour of, 
and bromo- (Farmer, Laroia, Switz, 
and Thorpe), 2987. 

Hexene, tri- and tara-bromo- (Farmer, 
Laroia, Swrrz, and Thorpe), 2947. 
A&.Hexene-£C-dicarboxylic acid, £- 
cyano-, methyl ethyl ester (Farmer 
and Healey), 1065. 
cydoHexenylacetanilide (Kon and 
Narayanan), 1548. 

cyefoHexylacetic acid, l-iodo-2-hydr- 
' oxy-, 7 -lactone (Linstead and May), 
2572, ’ 

c^cfoHexylacetolactone, 8 -hydroxy- 

(Robinson and Zaki), 2411. 


cycZoHexylideneacetanilide (Kon and 
Narayanan), 1548. 

oycZoHexylideneacetic acid, sodium salt 
(Linstead), 370. 

Homophthalimide (Sircar), 1255. 

Homoveratrole, 6-bromo-, nitration of 
(Heap, Jones, and Robinson), 
2021 , 

mow- and dinitro-, and 6 -bromo- 2 - 
nitro- (Oxford), 1968, 

3-Homoveratryl-7*methoxychromanone 
(Perkin, RIy, and Robinson), 2098. 

Hydrastic acid, synthesis of (Stevens 
and Robertson), 2790. 

Hydrazines, action of, on semicarb- 
azones (Baird and Wilson), 2114. 

Hydrazinerfzthiocarho-d-naphthyl- 
amide (Baird, Burns, and Wilson), 
2533. 

Hydriodic acid. See under Iodine. 

woHydrobenzoins, optically active 
(Read and Steele), 910. 

Hydrocarbons, low temperature oxid¬ 
ation of (Lewis), 1555, 
paraffin, ignition of mixtures of air 
and (Walls and Wheeler), 291; 
(Maxwell and Wheeler), 2069. 

Hydrochloric acid. See under Chlorine. 

Hydroferrocyanic acid, calcium and 
sodium salts, equilibrium of water 
and (Farrow), 1153. 
potassium salt, solubility of, in water 
(Vallance), 1328. 

Hydrogen, propagation of flame in mix¬ 
tures of air and (Georgeson and 
Hartwell), 265. 

ignition of mixtures of carbon mon¬ 
oxide and air with (Maxwell, 
Payman, and Wheeler), 297. 

Hydrogen electrodes. See under 
Electrodes. 

Hydroxy-acids, complex metallic salts 
of (Wark), 1753. 

Hypoohlorous acid. See under Chlorine. 

I, 

Ignition of gases (Walls and Wheeler), 
291; (Maxwell, Payman, and 
Wheeler), 297. 

of mixtures of methane and air 
(Chapman and Wheeler), 88. 

Imino-aryl ethers (Chapman), 1743. 

Indican, synthesis of, and its penta- 
acetyl derivative (Robertson), 1937. 

B-3-Indolylpropionic acid, and its 
methyl ester, azide and hydrazxde 
(Manske and Robinson), 241. 

^-Indoxylsi?irocyc?ohexano, - and its 
acetyl derivative, and 10-nitro- 

(Betts, Muspratt, and Plant), 

" 1310. ' ,• ' 
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Interfaces, ohemical action at (Aohar 
and Usher), 1875, 

Iodination of phenols (Soper and 
Smith), 2757. 

Iodine, adsorption of, by activated 
charcoal (Page), 1476. 
equilibrium of barium iodide, water, 
and (Rivett and Packer), 1842. 
autocataly tic reaction between acetone 
and (Dawson), 458. 
substitution with, in aromatic com¬ 
pounds with the aid of hydrogen 
peroxide (Marsh), 8164. 

Bydriodic acid, action of, on nitroso- 
compounds (Earl and Kenner), 
2139. 

Polyiodides, formation of (Rivett 
and Packer), 1342. 

Ipecacuanha alkaloids (Brindley and 
Pyman), 1067. 

Iretol methyl ether (Chapman, Perkin, 
and Robinson), 3030. 

Iron alloys with zinc, electro-deposition 
potentials of (Glasstone), 641. 

Iron:— 

Ferric arsenates, equilibrium of form¬ 
ation of (Hartshorne), 1759, 

Iron, determination of, volumetrically, 
with titanous chloride (Emmett), 
2059. 

Isomerism, dynamic (Richards, 
Faulkner, and Lowry), 1733; 
(Lowry and Smith), 2539; (Lowry), 
2554, 

X. 

Keto-acid, C 10 H la O 6 , and its derivatives, 
from oxidation of 4:4:5-trimethyl- 
A 8 -cyctopentene-l:3>dicarboxylie acid 
with permanganate (Bhagvat and 
Simonsen), 86, 

3-Keto-2-benzyl-2:3-dihydro-l;4-benz- 
thiazine (Mills and Whitworth), 
2747. 

7-Keto-2:3:5s6-dibenzo-7:8-dihydro-l:8- 
naphthyridine, and its salts (Haw¬ 
orth and Pink), 2347. 

7-Xeto-2:3;5:6-dibenzo-l;4:7;8;9:10- 
hexahydro-l;8-naphthyridine, and its 
derivatives (Haworth and Pink), 
2348. 

3-Keto-2:8-dihydro-l:4-benzthiazine-2- 
aeetie acid (Mills and Whitworth), 
2751. 

3-Keto«2:3-dihydro-l:4-benzthiaiine-2- 
propienic acid, ethyl ester (Mills 
and Whitworth), 2744. 

3-Keto-2:5-dinitrophenyl-3:4-dihydro- 
l:4-diazines (Ingham), 699. 

Ketols, aromatic, reduction of nitro¬ 
compounds by (Nisbet), 2081. 


2- Keto-l-methyl-5:8-(2':3'*diphenyl- 
pyrrolo)(4 / :5')-l :2-dihydroquinoline 
(Fawoett and Robinson), 2257. 

4-Keto-2-methyltetrahydro-l:5-hepta- 
benzthiazine, and its acetyl derivative 
(Mills and Whitworth), 2749. 

5*Keto-6-methyl-2:3:4:5-tetrahydro- 
pyridines, phenylhydrazones of 
(Manske, Perkin, and Robin¬ 
son), 9. 

Ketone, C 30 H 60 O, from oxidation of 
w-triacontane (Francis and Wood), 
1901. 

Ketones, aromatic, reactions of sodium 
compounds of (Rodd and Linch), 
2174, 2179. 

unsaturated, preparation of, from 
chlorides of hydroxy-acids (Kon 
and Narayanan), 1546. 
determination of carbonyl in (Ellis), 
848. 

Ketone cyanohydrins, formation and de¬ 
composition of (Lapworth, Manske, 
and Robinson), 2052. 

7-Keto-8-j3-phenylethyl-2:3:5:6-di- 
benzo-7:8-dihydro-1:8-naphthyridine 
(Haworth and Pink), 2347. 

7*Keto-8-£*phenylethyl-2:S:5:6-di- 
henzo-l:4:7:8:9:10-hexahydro-l:8- 
naphthyridine (Haworth and Pink), 
2348. 

4‘Keto-2-phenyltetrahydro-X:5"hepta- 
benzthiazine, and its derivatives 
(Mills and Whitworth), 2745. 

5 -Keto-6-phenyl-2:3:4:5-tetrahydropyr- 
idine 5-phenylhydrazone (Manske, 
Perkin, and Robinson), 10. 

7-Keto-8-j3-piperonylethyl-2:3:5;6-di- 
benzo-7:8-dihydro-l :8-naphthyridine 
(Haworth and Pink), 2847. 

7-Keto-8-j8-piperonylethyl-2:3:5:6-di- 
henzo-1:4:7:8:9 :l0-hexahydro-l :8- 
naphthyridine (Haworth and Pink), 
2348. 

3- Keto-3:4:5:6-tetrahydro-4-carboline 
(Manske and Robinson), 242, 

4- Ketotetrahydro-lifi-heptabenzthiaz- 
ine, and its acetyl derivative (Mills 
and Whitworth), 2750. 

4-Xetotetrahydro-l: 5 -heptahenzthiaz- 
ine-2-acetic acids, isomerio, and their 
salts and ethyl esters (Mills and 
Whitworth), 2743. 

a-Keto-HHvy-tetramethylglutaric acid, 
hydroxy-lactone of, and its derivatives 
(Rothstein and Shopper), 583. 


, L. 

Lactose, constitution of (Haworth and 
Long), 544. 
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Lsevulose, structure of (Haworth, 
Hirst, and Learner), 1040. 

Lead ohloride, equilibrium of lead 
iodide, water, and (Sowerby), 
1337. 

equilibria of, with water and 
lithium and sodium chlorides 
(Deacon), 2063. 

Lectures delivered before the Chemical 
Society (Cohen), 1193; (Willstat- 
ter), 1369. 

Lepidime alliodide (Hamer), 2802. 

Liesegang rings, formation of (Copisa- 
row), 222. 

Light, retardation of reactions by 
(Allmand and Maddison), 650. 

Liquids, non-aqueous, temperature 
changes in mixing (Margin, Peel, 
and Briscoe), 2873. 

Lithium chloride, equilibrium of lead 
chloride, water, and (Deacon), 2063. 

Luminescence, anticathodic, of organic 
compounds (Marsh), 126. 


M. 

Malonic anhydride. See Carbon sub¬ 
oxide. 

Malonyldiur ethane, reactions of, with 
diazonium salts (Whiteley and 
Yapp), 621. 

Maltose, constitution of (Haworth, 
Loach, and Long), 3146. 

Mandelic acid, cupric salt (Ware), 
1764. 

Manganese salts, reaction of sodium 
hypochlorite with, in presence of 
other salts (Dixon and White), 
1469. 

Manganese sulphate, equilibria of, with 
water and potassium and ammonium 
sulphates (Caven and Johnston), 

7 -Mannolaotone acetones (Goodyear 
and Haworth), 3143. 

Mannose, oxide-ring structure of de- 
rivativesof(GooRYEARand Haworth), 
3136* 

Melezitose (Leitch), 583. 

Melibiose, constitution of (Haworth, 
Loach, and Long), 3146. 
constitution of, ana its relation to 
raffiuose (Charlton, Haworth, 
and Hickinbottom), 1527. 

Melting point and heat of crystallisation 
in homologous series (Garner and 
Bushbrooke), 1351. 
of substituted amides of dibasic acids 
: : (Ha 2926. 

Memorial Lecture, Kamerlingh Onnes 
(C0tfN),1193. 


woMenthoIs, and their derivatives 
(Rear, Eobbrtson, and Cook), 
1279. 

Menthone cyanohydrin, formation and 
decomposition of (Lapworth, 
Manske, and Robinson), 2052. 

teoMenthones, and their derivatives 
(Rear, Robertson, and Cook), 1281. 

Menthone series (Read, Robertson, and 
Cook), 1276; (Read and Robertson), 
2168. 

^-neowoMenthylamine, and its salts and 
derivatives (Read and Robertson). 
2168. 

(f-TwowoMenthylcarhamides (Read and 
Robertson), 2173. 

d-weowoMenthylphenylcarhamide { Read 
and Robertson), 2173. 

^-weoisoMenthylphenylthiocarbamide 
(Read and Robertson), 2173. 

Mercuretin, and its derivatives (Marsh 
and Strothers), 2658. 

Mercurithiol-4(or 5)-methylglyoxaline- 
5(or 4)-carboxylio acid, 2-chloro-, and 
its ethyl ester (Balaban and King), 
1871. 

Mercury, oxidation-reduction potential 
of (Carter and Robinson), 267. 
perchlorates, preparation of (Carter 
and Robinson), 268. 

Mercuric chloride, interaction of 
sodium hydrogen carbonate and (P. 
and S. Neogi), 30. 

Mercury electrodes. See under Elec¬ 
trodes. 

Mesityl oxide, reduction of (Vogel), 
698. 

Mesoxalyldiurethane, hydrazones of 
(Whiteley and Yapp), 525. 

Metals, periodic electro-deposition of 
(Hedges), 1077. 
passivity of (Evans), 1020. 
action of active nitrogen with 
(Willey), 2188. 

Metallic salts, complex formation of, in 
hydrochloric acid solution (Carter 
and Megson), 2023. 

Methane, propagation of flame in mix* 
tures of air and (Chapman and 
Wheeler), 38. 

6-Methoxy-2-acetyl-3-j8-phthalimido- 
ethylindole (Manske, Perkin, and 
Robinson), 13. 

£-o-Methoxyanilinopropenylmethyl ke¬ 
tone (Roberts and Turner), 1844. 

2-Methoxybenzaldehyde, 4-chloro-, and 
its derivatives (Hodgson and Jenkin- 
son), 1741. 

Methoxybenzaldehydes, bromo-, chloro-, 
and iodo- and their salts and de¬ 
rivatives (Hodgson and Jeneinson), 
3042. ; 
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3- Methoxybenzaldehydes, cfohitro-, and 
their pnenylhydrazones (Hodgson and 
Bbaed), 2381. 

o-Methoxybenzaldoxime, preparation of 
(Brady and Bennett), 894. 

Methoxybenzaldoxime sulphates (Brady 
and Whitehead), 2936. 

5-Methoxybenzaldoxime, 2-hydroxy- 
(Shinoda), 1984. 

Methoxybenzaldoximes, and nitro-, 
methyl and nitrobenzyl derivatives 
of (Brady and Klein), 880. 

4- Methoxybenzanilide, 3-bromo-3:5- 

tfo'chloro-, 3-iodo-, and 8-nit ro- 
(Blakey, Jones, and Scarborough), 
2868. 

2- Methoxybenzoic acid, 4-chloro- 

(Hodgson and Jenkinson), 1741. 

3- Methoxybenzoic acid, 2:6-cfomtro- 
(Hodgson and Beard), 2381. 

4- Metboxybenzoic acid, 2:3-efomtro-, 
and its methyl ester (Dadswell and 
Kenner), 587. 

Methoxybenzoic acids, bromo- and iodo- 
(Hodgson and Jenkinson), 3042. 

5- Methoxybenzonitrile, 2-hydroxy- 
(Shinoda), 1984. 

4- Methoxybenzophenone, bromo-, 
chloro-, chlorobromo-, iodo- and nitro- 
derivatives, and their oximes (B lakey, 
Jones, and Scarborough), 2867. 

5- Methoxybenzthiazole, 1 -amino-, and 
its dibromide (Dyson, Hunter, and 
Morris), 1191. 

Methoxybenzyldimethylaxnines, and 
their hydrochlorides (Stedman), 1904. 

jV'-o-Methoxybenzylhydroxylamine, 
hydrochloride and nitroso-derivative 
(Brady and Bennett), 896. 

5-Methoxybenzylidenediacetophenone, 
2«hydroxy- (Irvine and Robinson), 
2088. 

jV-o-Methoxybenzyl-n-methoxyhenzald- 
oxime (Brady and Bennett), 896. 

3- Methoxy-4-benzyloxystyryl methyl 
ketone, and its semicarbazone (Dick¬ 
inson, Heilbron, and Irving), 1895. 

7- Methoxychromanone, preparation of 
(Perkin, RAy, and Robinson), 2097. 

4- Metboxycoumarin (Heilbron and 
Hill), 1707. 

4-Metboxy-2:2-dianisyl-A 3 -obromen 
(Heilbron and Hill), 2010. 

1-Methoxydipheny 1-1 ^carboxylic acid, 
and its methyl ester, and action with 
thionyl chloride (Rule and Bretsoh- 
er), 925. 

4-Methoxy»2:2-diphenyl-A 8 - chromea 
(Heilbron and Hill), 2010. 

8- Methoxy-2:3-diphenyl- S-methylquin- 
oxaltae (Dadswell and Kenner), 

: 583. 


2- Methoxydistyryl ketone, 4'-chloro* 
(Heilbron ana Hill), 923. 

3- Methoxy-4-ethoxystyryl methyl 

ketone, and its dimeride and semi- 
carbazone (Dickinson, Heilbron, 
and Irving), 1894. 

8-Methoxyflavanhydrone, 4'-hydroxy- 
(Irvine and Robinson), 2091. 

Methoxyflavylium chlorides, ^hydr¬ 
oxy- (Robertson and Robinson), 
1715. 

salts, and hydroxy- (Irvine and 
Robinson), 2088, 2091. 

3-3'-Methoxy-4'-hydroxystyryl- 
/3-naphthapyrylium chloride (Dick¬ 
inson and Heilbron), 18. 

6-Methoxyindazole, 7-nitro- (Dadswell 
and Kenner), 586. 

6-Methoxy-l-(3'-methoxybenzyl)-3:4- 
dihydrowoqninoline (Chakravarti, 
Haworth, and Perkin), 2270, 

6*Methoxy-l-(3'-methoxybenzyl)- 
l:2:3:4-tetrahydro?soqninoline and its 
salts (Chakravarti, Haworth, and 
Perkin), 2270. 

4'Methoxy-3-methylcoumarin (Heil¬ 
bron and Hill), 1707. 

Metboxymethyldihydrobrucidine, and 
its derivatives, and nitro- (Gulland, 
Perkin, and Robinson), 1642. 

Methoxymethyldihydrostryohnidme, 
and its derivatives (Clemo, Perkin, 
and Robinson), 1602. 

«-Methoxy-5-methylf nran-2-carboxylio 
acid, and its methyl ester (Haw¬ 
orth, Hirst, and Nicholson), 
1525. 

w-Methoxy-5-methylforfural, and its 
derivatives (Haworth, Hirst, and 
Nicholson), 1523. 

6-Methoxymethylhomopiperonylic acid, 
and its methyl ester and silver salt 
(Stevens), 185. 

Methoxymethylstrychnidonio acid 
(Clemo, Perkin, and Robinson), 
1615. 

Methoxymethyltetrahydrobrucidine, 
and its salts (Gulland, Perkin, and 
Robinson), 1654. 

Methoxymethyltetrahydrostrychnidine, 
and its derivatives (Clemo, Perkin, 
and Robinson), 1017. 

3-Methoxy-a-naphthaldehyde, and its 
derivatives (Shoesmith and Rubli)/ 
3101. 

Methoxy-l-naphthaldoximes, and their 
derivatives (Brady and Goldstein), 
1962. 

3-Methoxy-a-naphthoyl chloride (Shoe- 
smith and Rubli), 8010. 

Methoxy-a-naphthylcarbinols (Shoe- 
smith and ItUBLl), 3102. , - 

/ ; 6 s 2. : ,||| 
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Methoxynaphthylmethyl bromides 
(Shoesmith and Rubli), 3101. 

3- Methoxy-4-i?-nitrobenzyloxytolaenes> 
nitro- (Oxford), 1967. 

m-Methoxy-a-nitrostyrene (Shoesmith 
and Connor), 2232. 

4- Methoxy-m-oxalotoluidide(DADswELL 
and Kenner), 686 . 

6-Methoxy-4-phenacylflavylium ferri- 
chloride (Irvine and Robinson), 
2093. 

6-Methoxyphenacylidenefiavene(lRViNE 

and Eobinbon), 2093. 
4-Methoxyphenol, 2-nitro-, crystal¬ 
lography of < Clarke, Eobinbon, and 
Smith), 2662. 

#-m-Methoxyphenoxypropionic acid, 
ethyl ester (Perkin, RAy, and 
Eobinbon), 2097. 

m-Methoxyphenylacetaldoxime (Shoe- 
smith and Connor), 2232. 
rn-Ma thoxy phenylac et-jS-m-me tho xy - 
phenylethylamide (Chakra varti, 

Haworth, and Perkin), 2270, 

2-^-Methoxyphenyl-l:3-benzdithiole, 
and its derivatives (Hurtley and 
Smiles), 536. 

3*o-Methoxyphenyl-6-j?-chloxostyryl- 
A 5 -ct/cfohexen-l-one -2-carboxylic 
acid, ethyl ester (Heilbron and 
Hill), 923. 

s-^-Methoxyphenyldimethylthiocarbam- 
ide (Hunter and Styles), 1212. 
/Q-Metboxypbenyletbyl alcohols, and 
their action with phosphorus penta- 
bromide (Shoesmith and Connor), 
2230. 

j 8 -Methoxyphenylethyl bromides, and 
0 -bromo- (Shoesmith and Connor), 
2233. 

7-Methoxy-2-phenyl-5-methylbenzo- 
pyxylium salts ( Hirst), 2494. 
4'-Methoxy-2-phenyl-5-methylbeazo- 
pyrylium salts, 7-liydroxy- (Hirst), 
2494. 

ra-Methoxyphenylpyruvic acid (Chak- 
ravarti, Haworth, and Perkin), 
2270. 

3 -?n-Methoxy-jp-propoxyphenyl- 5 -? 7 i- 

methoxy-p~propoxystyryl~ A °~ c ^ c ^* 

hexen-l-one (Dickinson, Heilbron, 
and Irving), 1895. 

3-Methoxy-4-?i- and -wopropoxystyryl- 
metbyl ketones (Dickinson, Heil¬ 
bron, and Irving), 1896. 
2'-Methoxystilbene, 2:4-buufcro- (Robin¬ 
son and Zaki), 2489. 
4'-HethcxystiIbene 2:4:6-irinitro- 
(Nisbbt), 2088. 

S-p-Methoxystyryl-jS-naphthapyxylinm 
. \ chloride (Dickinson and Heilbron), 
18. 


4-Methoxytoluene, 3-cliloro-6-nitro- 
(Dadswell and Kenner), 585. 

4-Methoxytolnenes, tfinitro- (Dads- 
well and Kenner), 580. 

4-Methoxytoluene-S-Bnlphonyl 2-nitro- 
phenyl bisulphide (Brooker, Child, 
and Smiles), 1386. 

4-Methoxytoluidines, nitro- (Dadswell 
and Kenner), 584. 

7 -Methoxyxanthone, 1:S-bihydroxy • 
(Shinoda), 1985, 

7-Methoxyxanthonimine, l:3-bihycJr- 
oxy-, hydrochloride (Shinoda), 1984. 

Methyl 7 -hydroxypropyl sulphide (Ben¬ 
nett and Hock), 2498. 

4- Methylaminodiphenyl, 3-nitro-, and 
its derivatives, and S-nitro-4-nitroso- 
(Bell and Robinson), 1129. 

1 -Me thylanthr aquinon e, brorno- and 
chloro-hydroxy- and 6 : 8 -bihydroxy- 
(Hayashi), 2524. 

iV'-Methylbenziminophenyl ether (Chap¬ 
man), 1747. 

Methylbenzo-jS-naphthaspiropyrans 
(Dickinson and Heilbron), 1702. 

l-Methylbenzoxazoleethiodide(HAMER), 

2803. 

1-Methylbenzthiazole allobromide 
(Hamer), 2802. 

5- Methylbenzthiazole, 1-amino-, and its 
bromides (Dyson, Hunter, and 
Morris), 1191. 

Methylbromopiperonylethylamine, and 
its salts and benzoyl derivative (Ste¬ 
vens), 185. 

i\T-Methyl-iV- 6 '-bromo"£-piperonylethyl- 

6 -aminamethylhomopiperonylonitrile, 
and its salts (Stevens), 185. 

Methyl-^-brncidine, and its salts (Gul- 
land, Perkin, and Robinson), 1651. 

Methylweobrucidinium salts (Gulland, 
Perkin, and Robinson), 1649. 

9-Methylcarbazole-3-arsenious chloride 
and oxide (Burton and Gibson), 
2387. 

9-Methylcarhazole-3-arsinio acid (Bur¬ 
ton and Gibson), 2386. 

9- Methylcarbazole-3-azo-/8-naphthol 
(Burton and Gibson), 2386, 

5-Methylcarbonato* orcy 1 aldehyde 8 - 

methyl ether (Hirst), 2495, 

10- MethyM0-carboxymethylphenox- 
arsonium bromide (Absohlimann), 
415. 

3-Methylcoumarin, 4-hydroxy- (Heil¬ 
bron and Hiel), 1706, 

jS-Methyl-ajS-diethyl-A*-pent enoic acid, 
derivatives of (Kon and Narayanan), 
1545. 

Methyl-^-dihydrohrucidine, and its 
dihydriodide (Gulland, Perkin, and 
Robinson), 1661. 
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Methybieodihydrobrucidinium salts 
(Gulland, Perkin, and Robinson), 
1659. 

10-Methyl-5:10-dihydrophenarsazine 
(Aeschlimann), 416. 

Methyl-5;10*dihydrophenarsazines, 10 - 
bromo- and 10-chloro- (Gibson and 
Johnson), 2509. 

MethyldihydTostrychnidine (Oxford, 
Perkin, and Robinson), 2402. 

Methyl 4 -dihydrostrychnidine, and its 
salts (Clemq, Perkin, and Robin¬ 
son), 1621. 

Methyl?i^dihydrostrych.nidininin salts 
(Clemo, Perkin, and Robinson), 
1622. 

Methyldiphenylaminearsinic acids 

(Gibson and Johnson), 2508. 

Methyleneaceto veratrone, b yd roxy - 

(Pratt, Robertson, and Robinson), 
1981. 

a-3:4-Metbylenedioxybenzaldoxime, 
and 6-bromo- and 6-nitro-, sulphates 
of (Brady and Whitehead), 2936. 

3:4-Methylenedioxybenzaldoximes, and 
jp-nitro-, nitrobenzyl derivatives of 
(Brady and Klein), 880. 

6:7-Methylenedioxy-l-cyano-2-piper- 
onylmethyl-l:2:3:4- te trahydrotfM- 
quinoline (Malan and Robinson), 
2657. 

6:7-Methylenedioxy-l-nitromethyl-2« 
piperonylmethyl-l:2:3:4-tetrahydro- 
fsoquinoline (Malan and Robinson), 
2657. 

3':4'-Methylenedioxyphenylaceto-j3*2:3- 
dimethoxyphenylethylamide, 6 '- 
bromo- (Haworth), 2284. 

4:5-Methylenedioxyphthalide (Stevens 
and Robertson), 2792. • 

6:7-Methylenedioxy-2-piperonylmethyl- 
3:4-dihydro?Mquinolinium salts 

(Malan and Robinson), 2656. 

a'^-Methylenedioxystilhene, 2:4-dZ* 
nitro- (Nisbet), 2082. 

3-3':4'-Methyienedioxystyryl-£- 
naphthapyrylium chloride (Dickin¬ 
son and IIRilbron), 19. 

and Z-Methylephedrines, and their 
salts (Smith), 2056. 

10-Methyl-lO-ethyl"5:10-dihydrophen- 
arsaxonium iodide (Aeschlimann), 
416. 

££-Methy lethylglutarimide (Sircar), 
604. 

8 -Methyl* 7 -ethyl-A$-hexen-£-one, 
derivatives of (Kon and Narayanan), 
1545. 

Methyl ethyl ketone 5 -anilinosemicarb- 
azone (Baird and Wilson), 2115. 

Methylethylparaoonic acid, and its silver 
salt (Sircar), 1258. 


£-Methyl-a-ethylpentanoic aoid, /3- 
hydroxy-, and its silver salt (Kon and 
Narayanan), 1544. 

£-MethyP«-ethyl-A/3-pentenoie acid, and 
its silver salt and derivatives {Kon 
and Narayanan), 1544. 

1- Methyl-1 - ethylq/cZopropane -2- carh- 
oxylamide, 2:3-dfcyano- (Sirgar), 
1258. 

a$-Methylethylsttccinimide (Sircar), 
1254. 

4-Methylflavylium chloride, 5:6:7:4'- 
teZrahydroxy- (Chapman, Perkin, 
and Robinson), 3035. 

Methylglyoxaline, 4( 5)-bromo-5(4)-hydr- 
oxy-, and its hydrochloride (Grind- 
ley and Pyman), 3131. 

4(or 5)-Methylglyoxaline-5(or 4)-carb- 
oxylic acid, 2 -thiol- (Balaban and 
King), 1865. 

4(or 5)-Methylglyoxaline-2-sulphinio 
aoid (Balaban and King), 1871. 

4(or 5)-MethylglyoxaJine-2-sulphonio 
acid, and its salts (Balaban and 
King), 1872. 

4(or 5)-Methylglyoxalino-5(4)-sulphonic 
acid, and its salts (Barnes‘ and Py- 
man), 2713. 

9-MethylhexahydroearbazoIe, 5-nitro- 
(Gurney and Plant), 1317. 

4- Methyl- 5 - c ycZohexanes^n* ocyrZopentan- 
3 -one- 1 -carboxylic acid, and its semi- 
carbazone (Ingold and Seeley), 
1689. 

4-Methyl-5 -c^cZohexanespm) - (0:1 1 2) -dZ- 
c 2 /c/opentan- 3 -one-l: 2 -dicarboxylic 
acid, and its anhydride, and bromo- 
( In gold and Seeley), 1688. 

4 -Methyl- 5 -c?/cZohexane 5 ^iro-A 1 -c 2 /cZo- 
penteu-3-one- l:2:4-tricarboxylic add, 
methyl ethyl hydrogen ester (Ingold 
and Seeley), 1688. 

MethylcyeZvhexanone-5-d-bornylsemi- 
carbazones (Goodson), 1999. 

7 -Methyl-A&-hexene-£C-dicarboxylio 
acid, jS-cyano-, methyl ethyl ester 
(Farmer and Healey), 1065. 

Methylhomopiperonylamide, 6 -hydroxy* 
(Stevens), 182, 

Methylhomopiperonylic acid, 6 -bromo-, 
and its mothyl ester and 6 *hydroxy-, 
lactone (Stevens), 181, 186. 

Methylhomopiperonylonitrile, 0-ohloro- 
(Stevens), 182. 

1 -Methyl *2-hydr oxymethylglyoxaline, 
and its derivatives (Gkindley and 
Pyman), 3135. 

7 -Methyl-^-indoxyl 5 piV(?flj/cZ( 5 hexane, 10- 

nitro- (Betts, Muspiuxt, and Plant),. 
1313. 


Methylmercuric halides and hydroxide 
(Hinkel and Angel), 1948. 
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Kethylmethoxy-1 -naphthaldoximes 
(Brady and Goldstein), 1963. 

2-Methyl-a-naphthylanrine, 4-bromo- 
(Shoesmith and Rubli), 3103. 

4-Methyl-a-naphthylmethyl bromide 
(Shoesmith and Rubli), 3102. 

0-Methyl-6-nitro-3:4-methylenedioxy- 
benzaldoximes (Brady and Klein), 
893. 

8 Methylpentane-ye-diearboxylic acid, 
8y-<&cyano-, ethyl ester (Gib¬ 
son, Hariharan, and Simonsen), 
3011. 

Methylphenarsazinic acids, and their 
salts (Gibson and Johnson), 
2509. 

10-Methylphenoxarsine, and its di¬ 
hydroxide (Aeschlimann), 414. 

1-Methylpiperidine, 4-hydroxy-, and its 
salts (Mills, Parkin, and Ward), 
2622. 


a-Methylpiperonylcinnamolactone, a-6- 
hydroxy- (Stevens and Robertson), 
2791. 

iV-Methyl- W-jS-piperony le thyl-6- amino - 
methylhomopiperonylamide, and its 
picrate (Stevens), 183. 
iV-Methyl-iV-^-piperonyletliyl-B-amino- 
methylhomopiperonylic acid, and its 
oxalate (Stevens), 187. 
A r -Methyl-iV r -i3-piperonylethyl-6-a!iiino - 
methylhomopiperonylonitrile (Ste¬ 
vens), 182. 


Methylpiperonylic acid, ' 6-hydroxy-, 
and its silver salt (Stevens and 
Robertson), 2792. 

a-Methylpropanesnlphonic acid, and its 
saltsfEvANs, Mabbott, and Turner), 
1167. 


G-Methylpsychotrine, and its picrate 
(Brindley and Pyman), 1072. 

Me^hyi-^-Btrychnidine, and its deriv¬ 
atives (Olbmo, Perkin, and Robin¬ 
son), 1608. 

Methylnsostryohnidium salts (Clemo, 
Perkin, and Robinson), 1610. 

Methylstrychnine (Clemo, Perkin, and 
Robinson), 1624. 

Methylthiolbenzaldehydes, ohloro- and 
nitro-* and their derivatives (Hodgson 
and Beard), 2425. 

Methylthiolbenzaldoximes, S-amino- 

. (Hodgson and Beard), 2427. 

4-Methylthiolbenzyl alcohol, 3-nitroso- 
(Hodgson and Beard), 2426. 

A^Methyltrimethylenediamine, dihydro¬ 
halides, complex salts and benzoyl 
derivative of (Mann), 2915. 

Molecular association* experiments on 


structure in solution (Howell), 158, 
2039,2848. 


Molybdenum compounds, complex co¬ 
ordination (James and Wardlaw), 
2145, 

Molybdenum alkali chlorides (Bucknall, 
Carter, and Wardlaw), 512. 
Dimolybdenum tetraoxvhydroxy- 
ehloride (James and Wardlaw), 
2154. 

Molybdenyl wonochloride, isomerism 
of(WARDLAW andWORMELL),130. 
2 >sfltehloride, complex metallic and 
amine salts of (James and 
WardlAw), 2146. 
salts (Wardlaw and Wormell), 
1087. 

Molybdenum organic compounds 
Molybdenum cyanides, complex 
(Bucknall and Wardlaw)^ 2981. 
Mucic acid, brucine, Z-menthylamine and 
strychnine salts (Patterson and Ful¬ 
ton), 50. 

aZZoMucic acid, brucine, Z-menthylamine 
and strychnine salts (Patterson and 
Fulton), 50. 

Muconic acid, and mono- and <W-bromo- 
and dichloro-, esters of (Farmer and 
Duffin), 402. 

Mutarotation in aqueous alcohols 
(Richards, Faulkner, and 

Lowry), 1733. 

catalysis of, by acids and bases 
(Lowry), 2554. 

neutral salt action in (Lowry and 
Smith), 2539. 

Myopomm Icetum, (“ngaio ”), con¬ 
stituents of (McDowall), 731. 
Myristic acid, melting points and heats 
of crystallisation of derivatives of 
(Garner and Rusiibrqoke), 1351. 


s- a-N aphthadimethylthiocarbamide 
(Hunter and Styles), 1213. 

1:8* Naphthalbisdimethylanilide(I) avies 
and Leeper), 1127* 

1 : 8-Napfcthaldianilide (Davies and 
Leepbr), 1127. 

Naphthalene derivatives, reactivity of 
halogens in (Shoesmith and Rubli), 
3098. 

a-NaphthaleneazO'6:8-disulpho-8- 

naphthyl sodium sulphite (King), 
2645. 

Naphthalenesulphonic acids, menthyl 
esters, preparation, rotation, and de¬ 
composition of (Patterson and 
Me Alpine), 352. . 

1:8-Naphthalyl chloride, preparation and 
reactions of (Davies and Deeper), 
1124. 
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8-Naphthoic acid, 1-cyano- (Dayiks and 
Leeper), 1126. 

8-Naphthol-3:6-disulphonic acid, mono ■ 
and cfo'-amino-, and nitio-, benzoyl 
derivatives (Balaban and ICtng), 
8090. 

a-Naphthyl methyl ether, 4-bromo- 
(Shoesmith and Rubli), 3102. 

Naphthylaminedisulphonic acids, 
arylamidcs and s- carbarn ides of 
(Balaban and King), 3068. 

Naphthylaminetrisulphonic acids, aryl- 
amides and s-carbamides of (Balaban 
and King), 3068. 

2 -N aphthy laminopheny lar s ini c acids 
(Gibson and Johnson), 2511. 

iWa-Naphthylbenziminophenyl ether 
(Chapman), 1747. 

a-Naphthylcarbinol, 5-bromo- (Shoe- 
smith and Rubli), 3104. 

4- l'-Naphthylidene-1:2:S: 4-tetrahydro- 

8:9-benzoxanthylium chloride, 

4-2'-hydroxy- (Dickinson and Heil- 
bron), 1704. 

a-Naphthylmethyl bromide, 5-bromo- 
(Shoesmith and Rubli), 3104. 

P -N aphthyltrimethylammonium salts, 
nitro- (Ingham), 1974. 

5- (8-l'-Naphthylvinyl)-£-naphtha- 
pyrylinm chloride, 0-2'-hydroxy- 
(Dickinson and Heilbron), 19. 

Neutral salt action in mutarotation 
(Lowry and Smith), 2539. 

** Ngaio. ” See Myoporwm latum* 

Ngaiyl chloride, preparation of (Mc- 
Dgwall), 739, 

Ngaiylamine, and its salts (McDowall), 
738. 

Nickel alloys with zinc, electro-deposi¬ 
tion potentials of (Glasstone), 
*641. 

Nickel organic compounds, complex, 
with aliphatic diamines (Mann), 
2904. 

Nitro-compounds, determination of con¬ 
stitution of (Le F$)vre, Saunders, 
and Turner), 1168. 
reduction of, by aromatic ketols 
(Nisbet), 2081. 

Nitrogen, active (Willey and Rideal), 
669; (Willey), 2188,2831. 
per* or tetr- oxide, photochemical 
equilibrium in (Norrish), 761. 
dried, vapour pressure of (Smith), 
867. 

jpenfoxide, photo-decomposition of 
' (Norrish), 77^. 

Nitrates, double (Wilcox and 
Bailey), 150. 

Nitrous acid, decomposition of, in 
aqueous solution (Taylor, Wig- 
nall, and Cowley), 1923. 


Nitroso-componnds, action of hydrogen 
iodide on (Earl and Kenner), 2139. 
ft-Nonanedicarboxy-amide,- anilides and 
-toluidides (Barnicoat), 2928. 
Normethylstrychnine, and its meth- 
iodide (Clemo, Perkin, and Robin¬ 
son), 1624. 


O. 

Obituary notices:— 

Joseph John Ackworth, 959. 

Arthur William Orossley, 3165. 
Hildyard John Eglinton Dobson, 3173. 
Albin Haller, 3174. 

Rudolph Mossel, 3179. 

Ira Remsen, 3182. 

Edward Henry Rennie, 3189. 

Sir William Augustus Tilden, 3100. 
William Carleton Williams, 3202. 

Octamethyl^raaminotetraphenylethyl- 
ene (Rodd and Linch), 2186. 

0 ctame thyltefraaminotetraphenyl- 
ethanol (Rodd and Linch), 2186. 

Octamethylcellobionic acid, methyl 
ester (Haworth, Long, and Plant), 
2812. 

Octamethyl-laotobionic acid, methyl 
ester (Haworth and Long), 547. 

OctaphenylcycZosilicotetrane, amorphous 
(Kipping), 2719. 

Oleic acid, potassium hydrogen salt, 
crystalline (McBain and Stewart), 
1392. 

Onnes Memorial Lecture (Cohen), 1193. 

p-Orsellinic acid, preparation of, and 
its derivatives (Robertson and 
Robinson), 2199. 

Optical activity, and polarity of sub¬ 
stituent groups (Rule), 54. 
inversion, Walden’s (Ward), 445. 
superposition (Patterson and Fuj> 

' ton), 60. 

Optically active compounds, influence 
of solvents on rotation of (Patterson 
and MoAlpine), 353. 

Organic compounds, anticatliodic lumin¬ 
escence of (Marsh), 125, 
lability of halogens in (Graham* 
Maobeth, and Orr), 740. 

Organo-metallic compounds, cyclic 
(Drew and Thomason), 116. 

Oxalatotfnaminopropaneplatinio chlor¬ 
ide, 7tt<wwehloro- (Mann), 1232. 

Oxalic acid, formation of, from sugars, 
by Aspergillus niger (Challenger, 
Subramaniam, and Walker), 200; 
(Walker, Subramaniam, and Chal¬ 
lenger), 3044. 

Oxalomolybdous acid, barium salt 
(James and Wardlaw), 2152. , / , 



3252 


INDEX OF SUBJECTS. 


Oxazoles, mechanism of formation of 
(Ingham), 692. 

Oximes, isomerism of( Brady and Klein), 
874; (Brady and Bennett), 894 ; 
(Brady and Goldstein), 1959; 
(Brady and Whitehead), 2933. 

Qxyberberine, synthesis of (Haworth, 
Koepfli, and Perkin), 548. 

Oxygen, heat of adsorption of, on char¬ 
coal (Garner and McKie), 2451; 
(Ward and Bideal), 3117. 
reactions between coal and (Francis 
and Wheeler), 2958. 

Oxymethoxymethyldihydrobracidine 
(Gulland, Perkin, and Kobinson), 
1643. 

Oxymethoxymethyldihydrostrychnid- 
ines (Olemo, Perkin, and Robin- 
son), 1607. 

Oxypalmatine (Haworth, Koepfli, 
and Perkin), 553. 

Oxyprotoberberine (Chakravarti, Ha¬ 
worth, and Perkin), 2279. 


p. - | 

Palmatine, synthesis of (Haworth, 
Koepfli, and Perkin), 548. 
conversion of, into cryptopalmatine 
(Haworth, Koepfli, and Perkin), 
2261. 

Palmitic acid, sodium salt, effect of 
electrolytes on viscosity of (Mc- 
Bain, Willavoys, and Heigh- 
ington), 2689. 

hydrolysis of solutions of, measured 
by extraction with jp-xylone 
(MgBain and. Buckingham), 
2679. 

Parachor and chemical constitution 
(Sugdrn and Wilkins), 139; (Sug- 
den) 1178; (Garner and Sugden), 
2877. 

Paraconic acids, substituted (Sircar), 
1257. 

Pennyroyal oil (Hugh, Kon, and Lin- 
STBAD), 2590. 

0-Penta * acetyldihy drocar aj ur etinol 
(Chapman, Perkin, and Robinson), 
3026. 

Pentamethyleae sulphide. See Fen- 
. thian. 

cgfctoPentane rings, effect of adjacent 
, . Oem-dimethyl groups on formation of 
^ :|Vggbl), 594... .. 
£rom-cy£k?Pentane-l-carboxy-2-aoet- 
Inddo (Sircar), 1255. 
cyc?oBsntanes?n>o-2:3*^icyanocycZopro- 
pane-2-carboxylamide (Sircar), 1258. 
cyclo Pentanediaeetimide (Sircar), 604. 


ct/cZoPentanespzVoparaconic acid, and its 
silver salt (Sircar), 1258. 
^/cZoPentanesjpirosuccinimide (Sircar), 
1254. 

cycZoPentanone cyanohydrin, condens¬ 
ation of substituted anilines with 
(Oakeshott and Plant), 484. 
A^cycZoPentenecarboxylic acid, ethyl 
ester (Sircar), 1255. 
Ay-Pentene-aae-tricarboxylic acid, amide 
of (Farmer and Healey), 1065. 
cycZoPentenylacetanilide (Kon and 
Narayanan), 1547^ 

Penthian series (Bennett and Scorah), 
194, 

Penthian-4-one, and its derivatives 
(Bennett and Scorah), 198. 
Penthian-4-one-3-carboxylic acid, ethyl 
ester, and its pyrazolone derivatives 
( Bennett and Scorah), 197. 

A 3 -Penthien-4-ol-3-carboxylic acid, ethyl 
ester (Bennett and Scorah), 197. 
cycZoPentylethane-a00-tricarboxylic 
acid, 1 -hydroxy-, 7 -lactone (Sircar), 
1258. 

cycZoPentylideneacetanilide (Kon and 
Narayanan), 1547. 

Periodic system, atomic structure with 
reference to (Smith), 2029. 

4-Phenacy 1-2-methy 1-1:4-benzopyran 
(Heilbron and Hill), 924. 
Phenanthrene, synthesis of (Kenner 
and Wilson), 1108. 

Phenarsazinic acid, 3(or l)-nitro- (Gib¬ 
son and Johnson), 2514. 

Phenetole, nitroamino- and dwiitro- 
amino-, benzoyl derivatives (Fawcett 
and Robinson), 2418. 

Phenol, condensation of, with chloral 
(Chattaway and Morris), 2013. 
Phenol, o-aminothio-, cinnarayl deriv¬ 
ative, and its mercurichloride 
(Mills and Whitworth), 2746. 
o-ammothiol-, condensation of, with 
a 8 -unsaturated acids (Mills and 
Whitworth), 2788, 

Phenol, m-bromo- and wi-iodo-, Reimar- 
Tiemann reaction with (Hodgson 
and Jenkinson), 8041. 

«i-chloro-, Reimer-Tiemann reaction 
with (Hodgson and Jenkinson), 
1740, 

8:5-dichloro-2- and -4-amino- and 
-nitro- (Hodgson and Wignall), 
2218. 

S-iodonitro-derivatives, and their salts 
and derivatives (Hodgson and 
Moore), 630. 

o-nitro-, iodination of (Hodgson), 1141. 
mono - and di-nitro-, determination of 
j dissociation constants of (Gilbert, 

I Laxton, and Prideaux), 2295. 
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Phenol, 8-nitro-2-amino- (King), 
1058* 

Phenols, halogenation of (Soper and 
Smith), 2757. 

nitration of (Hodgson and Wignall), 
2216. 

Phenol[-quinone-4-oxime], 3:5-itchloro- 
4'-nitroso- (Hodgson and Wignall), 
2219. 

Phenoxarsine, 10-chloro-, action of 
G-rignard reagents on (Aeschlimann), 
413. 

Phenoxides, mom- and di- nitro-, com¬ 
plex cobaltammine salts of (Duff and 
Bills), 2370. 

Phenoxtellnrine, amino- and nitro- 
derivatives (Drew and Thomason), 
116. 

Phenoxydiphenylsilieyl chloride, and 
its action with sodium (Kipping), 
2728. 

Phenyl / 8 -bromo-, / 8 -ehloro-, / 8 -hydroxy-, 
and £-iodo- ethyl sulphides and 
sulphoxides, nitro- (Bennett and 
Berry), 1667. 

y-chloro- and 7 -hydroxy-propyl sulph¬ 
ides, _p-nitro- (Bennett and Berry), 
1671. 

7 - chloropropyl sulphide (Bennett 
and Berry), 1680. 

/ 8 -piperidinoethyl sulphides, nitro- 
(Bennett and Berry), 1680. 

Phenylaoetaldehyde, absorption spec¬ 
trum of (Purvis), 780. 

Phenylaoetic acid, benzyl ester, absorp¬ 
tion spectrum of (Purvis), 780. 
ethyl ester, nitration of (Baker and 
Ingold), 834. 

1- Phenyl-4-amino-5-ketopyrazoline-3- 
earhoxylic acid, and its derivatives 
(Ohattaway and Humphrey), 2133. 

PhenylarBinic acid, 3:4-iiamino-, action 
of chloroacotamido on (Ewins, 
Newbery, and Stiokings), 851. 
4-araino-2-hydroxy-, itamino-2-hydr- 
oxy-, 5-nitro-4-amino-2 -hydroxys 
3:5-itnitro-2-hydroxy-, and their 
salts and derivatives (King), 1055. 

Phenylarsinic acid 4-glycineamide, 

8- nitro- (Ewins, Newbery, and 
Stiokings), 854. 

2- Phenyl-l:3-benzdithiole,2-^-hydroxy-, 
and, its nitrate (Hurtley and Smiles), 
536. 

iV-Phenylbenzimino-anisyl ethers 
(Chapman), 1745. 

iV-Phenylbenziininonaphthyl ethers 
(Chapman), 1745. - 

iV r -Phenylbenziminophenyl ethers, sub¬ 
stituted derivatives (Chapman), 1745. 

1-Phenylbenzselenazole methiodide and 

• chloroplatinate (Clark), 2807. 


eycJoazt-Phenylbeiiztriazones, bromo- 
and itbromo-, and di- and tfro-chloro- 
(Chattaway and Walker), 329. 

9-Phenyl-10-benzylanthracene, 1 :5-it¬ 
ch loro- (Barnett, Cook, and Wilt¬ 
shire), 1732. 

9- Phenyl-10-benzyl-9:10-dihydro- 
anthranol, l:5-itchloro- (Barnett, 
Cook, and Wiltshire), 1782. 

4-Phenyl-l-benzyl-l-ethylpiperidinium 
salts (Mills, Parkin, and Ward), 
2620. 

Phenylbenzylsulphone, m-nitro-, nitra¬ 
tion of (Chatterjee and Robinson), 
2780. 

a-Phenylbutane-jSy-dione, phenylhydr- 
azones of (Manske, Perkin, and 
Robinson), 7. 

a-Phenylbutanesulphonic acid, sodium 
salt (Evans, Mabbott, and Turner), 
1166. 

a-Phenylbutyl bromide (Evans, Mab¬ 
bott, and Turner), 1166. 

3-Phenyl-5-chloro8tyryl-A 6 -cycZohexen- 
1-ones, o-hydroxy- (Heilbron and 
Hill), 922. 

3-Phenyl-5-chlorostyryl-A 5 -«/cZr;hexen- 
l-one-2-carboxylic acids, o-hydroxy-, 
ethyl esters (Heilbron and Hill), 
721. 

3- Phenylcoumarin, 7-hydroxy- (Baker), 
2898. 

Phenylcyanoacetic acid,^~nitro-, 2:4 -di- 
nitro-, 2:4:6-£rtnitro-, 2:4-itnitro- 
bromo- and 2;4-imitrochloro-, ethyl 
esters and derivatives of (Fairbournk 
and Fawson), 47. 

Phenylisodiazomethanes, o-nitro-, re¬ 
duction Of (CHATTAWAYand WALKER), 
323. 

j8«Chenyl-ao-dibenzylethyl alcohol, jS- 
amino-, deamination of (McKenzie 
and Roger), 575. 

4- PhenyM:l-diethylpiperidiniumiodide 
(Mills, Parker, and Ward), 2621, 

10- Phenyl-5: lO-dihydrophenarsazine 
(Aeschlimann), 416. 

1-Phenyh4:5-diketopyrazoline-S" 
carboxylic acid 4-phenyl hydraaone, 
esters of, and bromo* (Chattaway 
and Humphrey), 2188, 

l-Phenyl-4:5-diketopyrazoline-3- 
carboxylic acid, jp-bromo-, 2 / :4 , -it- 
bromo-, p-ehloro- and 2 / :4'-itehloTO», 
and their esters, phenylhydrazones of 
(Chattaway and Humphrey), 1325, 

Phenyl-3:4-dimethoxystyryl ketone 
(Dickinson, Heilbron, and Irving), 
1896. 

a-Phenyl dime thy lthiocarbaxnide, p- 
chloro- (Hunter and Styles)* 
1213, 
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4-Phenyl-l: l-di-ft-propylpiperidinium 
iodide (Mills, Parkin, and Ward), 
2622. 

^-Phenylenediamine, diacyl derivatives 
of (Brogan), 1381. 

^-Fhenylenediamines, substituted, action 
of nitrous acid on (Reilly and 
Drumm), 1396. 

Phenylene-1:2-diphenylar sinic acid, 

(MoOleland and Whitworth), 
2764. 

a-Phenylethane, a-nitro-, nitration of 
(Baker and Ingold), 262. 

j8-Phenylethane, a-nitro-, and its 
nitration (Baker and Wilson), 
844. 

a- and j8-Phenylethanesulphonic acids, 
and their salts and derivatives (Evans, 
Mabbott, and Turner), 1161. 

a-Phenylethyl bromide, 2:4-dichloTO- 
(Evans, Mabbott, and Turner), 
1166. 

2 ?-nitrobenzoato (Ward), 453. 

a-Phenylethylamine, nitration of 
(Baker and Ingold), 262. 

jB-Phenylethylamine, nitration of, and 
its derivatives (Goss, Hanhart, and 
Ingold), 260. 

8 -Fhenylethylammonium chlorides, 
nitro- (Goss, Hanhart, and Ingold), 
262. 

l-tf-Phenylethylbenzthiazole, and its 
pi crate (Mills and Whitworth), 
2749. 

Phenylethylcyanoncetic acid, 2:4- 
dinitro-, ethyl ester, and its silver 
derivative (Fairbourne and Fawson), 
48. 

8 - Phenylethyldimethylethylammonium 
hydroxide, and its salts (Hanhart and 
Ingold), 1007. 

9- Phenyl-10-ethylidene-9:10-dihydro- 
anthracene, l:5-diohloro- (Barnett, 
Cook, and Wiltshire), 1731. 

1-3-Phenylethylpiperidine, and its 
picrate (Pollard and Robinson), 
2779. 

4- Phenyl-1-ethylpiperidine, and its 
hydrochloride (Mills, Parkin, and 
Ward), 2619. 

5- a-Phenylethylthiosemicarbazide, and 
its hydrochloride and benzylidene 
derivative (Baird/ Burns, and 
Wilson), 2632. 

Phenylhydroxycyanoacetic acid, 2:4 -M* 
nitre-* ethyl ester (Fairbourne and 
Fawson), 50. 

Phenyl £-2-hydroxy-5-methoxyphenyl- 
ethyl ketone, and its derivatives 
(iB-viNjiand Robinson), 2093. 

Phenyl 2rhydroxy-5-methcxystyryl ke* 
and Robinson), 2088, 


3- Phenylindole-2-carboxyIie acid, and 
its ethyl ester (Manbke, Perkin, and 
Robinson), 6 . 

Phenylmalonic acid, ethyl ester, nitra¬ 
tion of (Baker and Ingold), 
835. 

i^-Phenyl-p-methoxybenziminophenyl 
ether (Chatman), 1748. 

2 - Phenyl-5 -methylbenzopyrylium 
auhydro-base and salts, 7-hydroxy- 
( Hirst), 2493. 

Phenylmethylcarhinol, 2:4-efo*ehloro- 
(Evans, Mabbott, and Turner), 
1164. 

2 Phenyl-5-methyl-3:4-coumalo-6- 
benzopyran (Heilbron and Hill), 
924. 

10-Phenyl-10-methyl-5:10-dihydro- 
phenarsazonium iodide (Aeschli- 
MANN), 416. 

9- Phenyl-10-methylene-9:10-dihydro- 
anthracene, l;5-d/chloro- (Barnett, 
Cook, and Wiltshire), 1731. 

4- Phenyl-l-me thyl- 1-ethylpiperidinium 
iodides (Mills, Parkin, and Ward), 
2619. 

10- Phenyl-10-methylphenoxarsonium 
iodide (Aescklimann), 416. 

4-Phenyl-l-methylpiperidine, and its 
salts (Mills, Parkin, and Ward), 
2618. 

Phenylnitrobenzylsulphones, m-nitro- 
(Chatterjee and Robinson), 2782. 

Phenylnitromethane, p-nitrobenzylidene 
derivative, and its nitration (Baker 
and Wilson), 844. 

1-Pheny 1-4- oximino- 5-ketopyrazoline-3- 
carboxylic acid (Ohattaway and 
Humphrey), 2137. 

10-Phenylphenoxarsine, and its oxide 
(Aeschlimann), 415. 

Phenyl-a-phenylethyldimethylam- 
monium chloride (Evans, Mabbott, 
and Turner), 1163. 

a-Phenylpropanesulphonic acid, and 
• its resolution, and its salts and de¬ 
rivatives (Evans, Mabbott, and 
Turner), 1166. 

a-Phenylpropionic acid, a-amino-6- 
hydroxy- (Kerr), 1946. 

a«Phenylwopropylamine, nitration of 
(Baker and Ingold), 263. 

7 -Phenylpropylammonixim nitrate, p- 
nitro- (Ingold and Wilson), 813. 

a-PhenyKsopropylammonium picrate, a- 
jj-nitro- (Baker and Ingold), 264. 

9-Phenyl-10-propylanthxacenes, 1:5- 
dichlbro- (Barnett, Cook, and Wilt¬ 
shire), 1731. 

9-Phenyl-10-propylidene-9:10-dihydro- 
anthracene, liMichloro- (Barnett, 
Cook, and Wiltshire), 1731. 
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1-7-Phenylpropylpiperidine, and its 
picrate (Pollard and Robinson). 
2780. 

4- Phenyl-l-ft-propylpiperidine, and its 
hydrochloride (Mills, Parkin, and 
WARP), 2619. 

7-Phenylpropyltrimethylammonium 
picrate, and jo-amino-, acetyl deriv¬ 
ative and nitro-, and m-nitro-p- 
amino-, acetyl derivative (Ingold and 
"Wilson), 810. 

Phenyl styryl ketone, hydroxy-deriv¬ 
atives (Ellison), 1728. 

Phenyl a-tetrahydrocarbazylamino (G) - 
styryl ketone (Fawcett and Robin¬ 
son), 2259. 

Phenylthiocarbamides, bromo-, cyano-, 
iodo-, and nitro- (Dyson, George, and 
Hunter), 442. 

Phenylthiocarbimides, bromo-, cyano-, 
iodo-, and nitro- (Dyson, George, and 
Hunter), 442. 

Phenylthiolpropionic acid, o-amino- and 
o-nitro- (Mills and Whitworth), 
2750. 

Phenylurethanes, absorption spectra of 
(Purvis), 783. 

Phlorogiucinaldehyde, acetyl and 
benzoyl derivatives (Robertson and 
Robinson), 1712. 

Phloroglucinol, condensation of ethyl 
o-formylphenylacetate with (Baker), 
2899. 

Phosphorus, ultra-violet spectrum of the 
glow of (Emel$us and Purcell), 
788. 

vapour, chemiluminescence of (Bowen* 
and Pells), 1096. 

Phosphorus alloys with thallium (Man- 
suri), 2993. * 

Phosphorus penfochloride, singlet link¬ 
age in (Sugden), 1178. 
m&oxide, supposed (Chalk and Part¬ 
ington), 1,930. 

Phosphoric acid, equilibrium of boric 
acid with (Levi and Gilbert), 2117. 
Phosphates, electrometric precipitation 
of (Britton), 614. 

tsoPhthalic acid, reduction of (Farmer 
and Richardson), 62. 

l:5-mPhthalio acid, 2-hydroxy-, and 
its ethyl ester (Chattaway and 
Prats), 689. 

5- Phthalimido-a- ac etylvaleric acid, 

ethyl ester, preparation of (Manskb, 
Perkin, and Robinson), 8. 

7 -Phthalimidohutyronitrile, preparation 
of (Manske, Perkin, and Robinson), 
6 . 

H-Phthalimidodimethyldiethyl- 
ammonium bromide (Hanhart and 
Ingold), 1Q10, 


4- Phthalimidodiphenyl (Scarborough 
and Waters), 1140. 

8f-Phthalimidohexaae-i37-dione, phenyl- 
hydrazones of (Manske, Perkin, and 
Robinson), 9. 

Phthalimidomethylpyridinium bromide 
(Kipping and Mann), 530. 

Phthalyl chlorides, surface tension and 
density of (Garner and Sugden), 
2881. 

Picralima Klaincana, alkaloids of 
(Henry and Sharp), 1950. 

Picratopentamminoeobaltic picrate and 
hydroxypicrate (Duff and Bills), 
2371. 

Pimelo-p-bromoanilide and -toluidides 
(Barnicoat), 2928. 

Pinacolinazine (Baird and Wilson), 
2116. 

Pinene, recovery of, from its nitroso- 
chloride (Earl and Kenner), 1269. 
nitrolanilide (Earl and Kenner), 
1275. 

Piperidine, scission of diaryl ethers by 
means of (Le FEvre, Saunders, 
and Turner), 1168. 
use of, as an alkaline buffer (Prideaux 
and Gilbert), 2164. 
as a reagent for halogen onitro-com- 
pounds (Li FfcvRE and Turner), 
1113. 

Piperidmobenzenes, halogenonitro- (Le 
FftvRE and Turner), 1117. 

Piperidinobenzoic acids, nitro-, and 
their ethyl esters (Le FijVRE and 
Turner), 1117. 

7-Piperidino-2:4-dimethylquinoline, 8- 
nitro- (Roberts and Turner), 1851. 

5- Fiperidino-2-nitrodiphenyl ether 
(Le FkvRE, Saunders, and Turner), 
1171. 

4-Piperidinophenylarsinic acid, 3- 
amino-, 4-amino-2-hydroxy-, and 3- 
nitro-, and their salts and derivatives 
(King), 1053. 

LPiperidylacetio acid, 4-hydroxy-, and 
its ethyl ester, and their derivatives 
(Mills, Parkin, and Ward), 2622. 

d - Piper ony let by lamine, 6-bromo-, and 
its salts and derivatives (Stevens), 

183. 

Piperonylethylene, 6-bromo- (Stevens), 

184. 

Piperonylmethylamine, and its salts 
(Malan and Robinson), 2654. 

Piperonylmethylmetbylamine by dr- 

iodide (Malan and Robinson), 2655, . 

Piperonylmethyl-£-piperonylethyl- 
anxine, and its derivatives (Malan 
and Robinson), 2656. 

Piperonylmethyltrimethylammonium r 
iodide (Malan and Robinson), 26$& 
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Platinum, adsorption of benzene vapour 
by (Lenher), 272. 

colloidal, constitution of (Penny- 
ouiok), 2600. 

Platinum organic compounds, complex, 
with /S-methyltrimethylenediamine 
(Mann), 2917. 

Polarity and optical activity of sub¬ 
stituent groups (Rule), 54. 

Polycyclic compounds, chemistry of, in 
relation to their homocyclic unsatur¬ 
ated isomerides (Ingold and Seeley), 
1684. 

Polymerisation (Drew and Haworth), 
775. 

Potassium chloride, electrolysis of solu¬ 
tions of (Allmand and Cocks), 
2626. 

sulphate, equilibrium of manganese 
sulphate, water, and (Caven and 
Johnston), 2358. 

Potassium, detennination of, in presence 
of iodide (Hawkins and Parting¬ 
ton), 1397. 

Precipitates (v. Weimarn), 929. 
Propaldehyde diethylacetal, 3-chloro-, 
preparation of (Reeves), 2481. 
Propaldehyde, j8-chloro-, diethylacetal 
and potassium bisulphite derivative 
of (Crawford and Kenyon), 399. 
Propane, j8-bromo-a 7 -cfaamino -, com¬ 
plex nickel salts of (Mann), 2912. 
Propaneplatinic chloride, Mchlorotri- 
amino- (Mann), 1231. 
o-isoPropenylbenzophenone (B arnett, 
Cook, and Nixon), 509. 
4-^-Propoxyanisole, 2-nitro-, crystallo¬ 
graphy of (Clarke, Robinson, and 
Smith), 2653. 

isopropyl alcohol, a 7 -dmmino-, complex 
nickel salts of (Mann), 2913. 
#-Propyl-AAhexenoic acid, derivatives 
of (Ron and May), 1552. 
£-Propylhexoic acid (Ron and May), 
1554. 

2-^oPropylidene-)8-thujone, and its 
f semicarbazone (Hugh and Eon), 2599. 
^-Propylthicsemicarbazide ^'hydro¬ 
chloride (Baird, Burns, and Wil¬ 
son), 2529. 

$i- and iso-Propylvanillins, and their 
semicarbazones (Dickinson, Heil- 
bron, and Irving), 1895. 
Protoberberinium salts, synthesis of 
(Ohakravarti, Haworth, and 
Perkin), 2275. 

Pxetopine, experiments on (Stevens), 
178. 

^Pulegone-S-^-bornylseinicarbazone 
(Goodson), 1998. 

Pyridine, molyhdenyl compounds of 
r (JAIJ^^ ^VARDLAW), 2148. 


Pyrocatechol, aoetyl and acetylbenzoyl 
derivatives (Green), 502. 

Pyrocatechol, mono- and di-nitro-, dis¬ 
sociation constants of (Gilbert, Lax- 
ton*, and Prideaux), 2297. 

Pyrogallol, condensation of, with cin¬ 
namic acid (Ellison), 1720. 

Pyrones, action of diazonium salts on 
(Mullen and Orowe), 1751. 

Pyrylium salts, synthesis of (Pratt, 
Robertson, and Robinson), 1975 ; 
(Irvine and Robinson), 2086 ; 
(Robertson and Robinson), 2196. 

Pyschotrine hydrogen oxalate (Brind¬ 
ley and Pyman), 1074. 


Q. 

Quartz, fused, adsorption of benzene 
vapour by (Lenher), 272. 

Quercetin, structure of glucosides of 
(Attree and Perkin), 234. 
tetramethyl ether, and its acetyl 
derivative (Attree and Perkin), 
239. 

Quereimeritrin, structure of (Attree 
and Perkin), 237. 

woQuercitrin, structure of (Attree and 
Perkin), 237. 

‘isoQuinazindol-2-one (Asahina, 

Manske, and Robinson), 1709. 

Quinizarin, structure of (Green), 2384. 

Quinol, crystal structure of (Caspari), 
1093. 

methyl and dimethyl ethers, bromo- 
derivatives (Irvine and Smith), 74. 

Quinol, memo- and cfo'-nitro-, dissoci¬ 
ation constants of (Gilbert, Laxton, 
and Prideaux), 2296. 

Quinoline, molybdenyl pentaohloride 
compound of (James and Wardlaw), 
2148. 

Quinoline series, substitution in 

(Roberts and Turner), 1832. 

^Quinoline group, synthesis in 

(Ohakravarti, Haworth, and 
Perkin), 2265, 2275. 

Quinones, structure of (Garner and 
Sugden), 2877. 

Quinoxaline, isomerism of reduced de¬ 
rivatives of (Gibson), 342. 


R. 

Reactions, retardation of, by light 
(Allmand and Maddison), 650. 
chemical, induction period in (P, and 
S. Neogi), 30, 

inhibition by substituents in (Dy¬ 
son, George, and Hunte&V 
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Reactivity of adjacent atoms or groups, 
influence of sulphur atoms on (Ben¬ 
nett and Hock), 477. 

Reimer-Tiemann reaction (Hodgson and 
Jenkinson), 3041. 

Resomorinidin chloride (Pit att, Robert¬ 
son, and Robinson), 1982. 

Resorcinol, condensation of, with cin¬ 
namic acid (Ellison), 1720. 

Resorcinol, mono- and di-nit ro-, dissoci¬ 
ation constants of (Gilbert, Laxton, 
and Prideaux), 2297. 

j8-Resorcylaldehyde, reaction of, with 
Schiffs reagent (Shoesmith, Sosson, 
and Hetherington), 2224, 

Rhamnetinidin chloride (Robertson 
and Robinson), 2205. 

Rotatory power and chemical constitu¬ 
tion (Clarke, Kenyon, and Phil¬ 
lips), 188. 

influence of solvents on, of optically 
active compounds (Patterson and 
MoAlhne), 353. 

Rutaecarpine, synthesis of (Asahina, 
Manske, and Robinson), 1708. 

Rutin, structure of (Attree and 
Perkin), 236. 

S. 

Safrole, synthesis of, and _pcnfobromo- 
(Perkin and Trikojus), 1663. 

o-Safrole, synthesis of, and jpettfobromo- 
(Perkin and Trikojus), 1663. 

isoSafrole, 6-amino- and 6-nitro- 
(Robinson and Eaki), 2489. 

o-Salicoyloxyhenzoic acid, absorption 
spectrum of (Purvis), 2716. 

Salicylic acid, absorption spectra of 
salts and derivatives of (Purvis), 
2715. 

heats of combustion of benzoic acid 
and (Berner), 338. 
copper salt, transport numbers of 
(Hamer and Bury), 333. 
molybdenyl salts, isomeric (Wardlaw 
and Wormell), 187. 
benzyl ester and thio-, absorption 
spectra of (Purvis), 782. 

Salts, complex, physical chemistry of 
(Hamer and Bury), 333. 

Salt solutions, neutral, production of 
acidity in (Aohar and Usher), 1875. 

SchifiPs reagent, reactions of, with 
aromatic aldehydes, and its stability 
(Shoesmith, Sosson, and Hether- 
ington), 2221 . 

Scutellareinidia chloride methyl ether 
(Chapman, Perkin, and Robinson), 
3038. 

Sebaco-^-bromoanilide and -toluidides 
(Barnicoat), 2928. 


Seleninic acid, aryl derivatives (Por- 
R1TT), 27. 

Selenium tetfrafluoride (Prideaux and 
Cox), 929. 

oxyfluoride (Prideaux and Cox), 
928. 

Selenium organic compounds (Por- 
ritt), 27. 

Semicarhazones, action of hydrazines on 
(Baird and Wilson), 2114. 
Semicarhazones, thio-, reactions of 
(Baird, Burns, and Wilson), 
2527. 

Silicon ^mchloride, critical temper¬ 
ature of (Parker and Robin¬ 
son), 2977. 

surface tension of (Mills and 
Robinson), 1823. 

action of ethyl ether on (Kipping 
and Murray), 2734. 

Silicic acid sols, coagulation of, by 
alkali chlorides (Oakley), 3064. 
Silicates, electrometric precipitation 
of (Britton), 425. 

Silicon organic compounds (Kipping), 
104, 2719, 2728; (Kipping and Mur¬ 
ray), 2734. 

Silver compounds, reduction of, in 
alkaline solution (Farmer and 
Firth), 1772. 

Soaps, acid (MoBain and Stewabt), 
1392. 

Soap solutions, hydrolysis of (MoBain 
and Buckingham), 2679. 
effect of electrolytes on viscosity of 
(MoBain, Willavoys, and Heigh- 
ington), 2689. 

Sodium arseno-hyposulphite and -thio¬ 
sulphate (Farmer and Firth), 
2019. 

hydrogen carbonate, interaction of 
mercuric chloride and (P. and S. 
Neogi), 30. 

chloride, equilibrium of lead chloride, 
water, and (Deacon), 2063. 
hypochlorite, reaction of manganese 
salts with (Dixon and White), 
1469. 

sulphate, equilibrium of copper 
sulphate, wator, and (Oaven and 
Johnston), 2368, 2902. 
sulphite solutions, effect of light on 
oxidation of (Allmand and Mad* 
dison), 652. 

Sodium organio compounds:— 

Sodium sec. -butyl sulphate (Evans, 
Mabbott, and Turner), 1167. 
Soils, silicates in relation to acidity of 
(Britton), 431. 

Soil solutions, determination of total 
carbon and carbon dioxide in (Fdint), 
2975. ■ 
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Solubility (Glasstone, Bridgman, and 
Hodgson), 635. 

in mixtures of water and alcohol, 
effect of temperature on (Wright), 
1334. 

Solutions, molecular structure in 
(Howell), 158, 2039, 2843. 
aqueous, electroendosmosis of, 
through glass membranes (Hep¬ 
burn), 3163. 

Solvents, selective action of (Wright), 
1334. 

mixed, esterification in (Bhide and 
Watson), 2101., 

Sorbic acid, and bromo-, and their 
in ethyl esters ( Farm er an d Healey) , 
1063. 

Spectra, absorption, influence of dif¬ 
ferent centres of absorption on 
(Purvis), 780. 

of alkaloids and their salicylates 
(Purvis), 2715. 

Stibine. See Antimony hydride. 
Stilbene, 2'-chloro-2:4-dmitro- (Robin¬ 
son and Zaki), 2489. 
2:4:4'-2nnitro- (Nisbet), 2082. 
Strontium carbonate, thermal dissoci¬ 
ation of (Jones and Becker), 
2669. 

sulphate, precipitated (v. Weimarn), 
929. 

zsoStrychnic acid (Oxford, Perkin, 

; and Robinson), 2396. 

Stryohnic benzoic anhydride (Oxford, 
Perkin, and Robinson), 2409. 
Strychnidine, salts of (Clemo, Perkin, 
and Robinson), 1600. 

Strychnidine, jp-amino- (Oxford, Per¬ 
kin, and Robinson), 2408. 
^Strychnidine, and its methosulphate 
(Oxford* Perkin, and Robinson), 
2404. 

Stryohnidone, and its derivatives 
(Clemo, Perkin, and Robinson), 
1614. 

aMtrychnldone (Clemo, Perkin, and 
Robinson)* 1615. 

Strychnine (Clemo, Perkin, and 
Robinson), 1589 ; (Gulland, Per¬ 
rin, and Robinson), 1627; (Oxford, 
Perkin, and Robinson), 2380. 
^Strychnine, O-acetyl derivative 
(Oxford, Perkin, and Robinson), 
2396. 

4-Styracyl-2-phenyl-l:4-benzopyran-3- 
carboxylio acid, o-chloro-, ethyl ester 
■' (Heilbron and Hill), 928. 

Styrene, «-nitro-, nitration of (Baker 
4 and Wilson), 845. 

; ^^^yl-l;3-ben*dithiole, and its 
; nitrite. (Hurtley and Smiles), 
r 587 . : 


l.Styrylbenzthiazole, and its picrate 
(Mills and Whitworth), 2748. 

2- Styryl-5-methyl-3:4-coumalo-6-benzo- 
pyrans, chloro- (Heilbron and 
Hill), 921. 

Styryl methyl ketones, intermolecular 
condensation of (Dickinson, Heil¬ 
bron, and Irving), 1888. 

3- Styryl- 8-naphthapyrylium chloride, 
and 3-p-hvdroxy- (Dickinson and 
Heilbron), 18. 

Styrylpyrylium salts (Dickinson and 
Heilbron), 14, 1699. 

Subero-j?-bromoanilide and -toluidide 
(Barnicoat), 2928, 

Substance, C 4 H 4 0 5 Hg3, from heating 
mercuric acetate and sodium acetate 
(Marsh and Struthebs), 2659. 
C 7 H 4 0 2 Br 4 , from bromine and di- 
methylpyrone (Collie and Klein), 
2163. 

C 7 H 7 0 3 Br, and its derivatives, from 
bromine and salts of diacetyl acetone 
(Collie and Klein), 2164. 

Ci 0 H ia O e , from acetylation of antiarol 
(Chapman, Perkin, and Robin¬ 
son), 3033. 

C 10 H 18 0 7 , from oxidation of tetra- 
methyl y-fructoso (Haworth, 
Hirst, and Nicholson), 1520. 
C 10 H 19 O 6 N, from oxidation of tetra- 
methyl y-fructose (Haworth, 
Hirst, and Nicholson), 1521. 
C n H 2 g0 7 , from oxidation of tetra- 
methyl fructose (Haworth, Hirst, 
and Learner), 1047 ; (Avery, 
Haworth, and Hirst), 2313. 
C 14 H 17 0 4 Br s , and its derivatives, 
from bromine and dimethylpyrone 
(Collie and Klein), 2162. 
C lc H 15 0 4 N 4 Br, from piperazine and 
4:4'-6ibromo-8t3'-dinitrodiphenyl, 
(Le FfcVBE and Turner), 1121. 
C a4 H 16 N 2 , from oxidation of carbazolo 
(MoLintook and Tucker), 1221. 
C 24 H 17 0 4 N 4 Br, from benzidine and 
4:4 / -dibromo-3:8 / -dinitrodiphenyl 
(Le FisvRE and Turner), 1121. 
CaflHaaNg, from oxidation of carbazole 
(MoLintook and Tucker), 1121. 

Substitution in aromatic compounds 
(Ingold and Shaw), 2918. 
directive power of groups in (Baker 
and Eccles), 2125; (Oxford and 
Robinson), 2289 ; (Fawcett and 
Robinson), 2414; (Clarke, 
Robinson, and Smith), 2647. 
use of hydrogen peroxide to help 
(Marsh), 3164. 

in the benzene nucleus, influence of 
nitro-groups on (Dadswell and 
Kenner), 580. 
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Sttccinimides, substituted (Sircar), 
1252. 

Succinyl chloride, surface tension and 
density of (Garner and Sugden), 
2880. 

Sucrose, constitution of (Haworth, 
Hirst, and Nicholson), 1513; 
(Avery, Haworth, and Hirst), 
2308. 

vapour pressures of mixtures of methyl 
acetate, water,’and (McKeown and 
Stowell), 97. 

Sugars, structure of (Goodyear and 
Haworth), 8136. 

carbonates of (Allpress, Haworth, 
and Inkster), 1233. 
lactones from (Drew, Goodyear, and 
Haworth), 1237. 

mooocarboxylic acids from (Peyde 
and Humphreys), 559. 

4-p-SuIphobenzeneazobenzyl-n-butyl- 
aniline, and its sodium salt (Reilly 
and Drumm), 1396. 

Sulphobenzeneazomethylstrychnine 
(Oxford, Perkin, and Robinson), 
2409. 

p-Sulphobenzeneazo-3-naphthyl sodium 
sulphite (King), 2644. 

Sulphohenzeneazostrychnidine (Ox¬ 
ford, Perkin, and Robinson), 2408. 

4-Sulpho-a-naphthaleneazo-£-naphthyl 

sodium sulphite (King), 2644. 

Sulphonic acids, menthyl esters, decom¬ 
position of (Patterson and Mc- 
Alpinb), 349. 

Sulphonyl (^sulphides, aromatic 
(B booker. Child, and Smiles), 
1384. 

Sulphur, equilibrium of benzoic acid 
with (Hammick and Holt), 493. 
ignition of (White), 793. 
atoms, influence of, on reactivity of 
adjacent atoms or groups (Bennett 
and Hock), 477; (Bennett and 
Berry), 1676. 

chlorides, freezing points of (Lowry, 
McHatton, and Jones), 746. 
Sulphur acids, relationships of (Bas¬ 
sett and Durrant), 1401. 
Sulphuric acid, equilibrium of boric 
acid with (Levi and Gilbert), 
2117. 

Surface tension, determination of, by 
means of capillary rise (Mills and 
Robinson), 1823. 

Syphon, automatic (Harrison), 2896. 

Systems* extended, conjugated,. feeble 
activation of, by doubly linked oxygen 
(Robinson and Zaxi), 2485. 


T. 

Tartaric acid, c&hydroxy-, action of 
halogenated phenyihydrazines on 
(Chattaway and Humphrey), 
1323. 

action of tolylhydrazines on (CnATT- 
away and Humphrey), 2793. 

Tautomerism, ring-chain (Rothrtkin 
and Shoppee), 531; (Vogel), 594 ; 
(Garner and Sugden), 2877, 
three-carbon (Linstead), 362, 2579 ; 
(Kon and Narayanan), 1536; 
(Kon and May), 1549; (Hugh, 
Kon, and Linstead), 2585; (Hugh 
and Kon), 2594. 

3-Tetra-acetyl-3-glucosidoxyindole-2- 
carboxylic acid, methyl ester (Robert¬ 
son), 1939. 

Tetra-acetyl y-mannonolaetone (Good¬ 
year and Haworth), 3143. 

Tetracarbethoxy y-ethylfructoside (All¬ 
press, Haworth, and Inkster), 
1236. 

Tetracarbethoxy methylfructosides 
(Allpress, Haworth, and Inkster), 
1235. 

Tetracarbomethoxy y-methylfructoside 
(Allpress, Haworth, and Inkster), 
1234. 

Tetrachloro^naminopropane-hydro^ 
chloride)platinnm, and its derivatives 
(Mann), 1224. 

^;/-Tetraethyl^mminodiphenyl-^- 
naphthylcarhinol (Rodd and Linch), 
2178. 

aa-4:4 / -TetraethyWmminodiphenyl- 6# - 
4:4'-te tramethyl^iaminodiphenyl- 
ethan-a-ol (Rodd and Lin oh), 2186, 

aa-djd'-Tetraethyhfoaminodiphenyl*##- 
did'-tetramethylchaminodiphenyl- 
ethylene (Rodd and Linch), 2186. 

Tetrahydrobruoine, and its salts 
(Gulland, Perkin, and Robinson), 
1638. 

ar-Tetrahydro-a-haphthol, 4-nitro* and 
4-nitroso- (Rowe and Levin), 530. 

Tetrahydrongaiene dioxide (Mo* 

Dowall), 740. 

Te tr ahy dr ongaiol, and its acetate 

(MoDowall), 734. 

Tetrahydrongaiene, and its derivatives 

(MoDowall), 783. ■ 

Tetrahydrongaiylamine, and its picrol- 

onate (MoDowall), 784. 

Tetrahydropalmatine (Haworth, 
Koepfli, and Perkin), 553. v 
methochlorides and methoioclides 
(Haworth, Koepfli, and Perkin), 
2263. . 

Tetrahydropenthiophen. See PentMan,- 
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A a -Tetrahydro& 0 phthalic acid, oxida¬ 
tion of (Farmer and Richardson), 
61. 

Tetrahydroprotoberberine, and its salts 
(Ohakravarti, Haworth, and Per¬ 
kin), 2278. 

Tetrahydrothiophen-5-bromobutyl- 
sulphonium salts {Bennett and 
Hook), 488. 

Teteahydrothiophen-5-hydroxybutyl- 
sulphonium salts (Bennett and 
Hook), 482. 

3:4:6:9-Tetramethoxyanthranol (Mac- 
master and Perkin), 1308. 
3:3':4;4'-TetrametiioxydiUtyryl ketone 
tefrabromide (Dickinson, Heilbron, 
and Irving), 1892. 

Sjetftd'-Tetramethoxyflavylium salts 
(Chapman, Perkin, and Robinson), 
8037. 1 

5:6:7:4'-Te tr am ethoxy-4- methyl- 
flavylium salts {Chapman, Perkin, 
and Robinson), 3035. 
jS^jS^'-Tetramethyladipic acid, «- 
bromo-, etliyl esteT (Farmer and 
Kracovski), 684. 

Tetramethyladipic acids, and their anhy¬ 
drides and anilic acids (Farmer and 
Kracovski), 683. 
4:4'-TetrametbyId&minodipb eny 1- 
aeenaphthenylearbinol (Rodd and 
Linch), 2187. 

pp'-Tetrametkyl^'aminodiplienyl-^- 
anisylearbinol (Rodd and Linch), 

2177. 

pp'-Tetrametliyl^zaminodiplienylbenzyl- 
carbinol (Rodd and Linch), 2184. 
4x4 / -Tetramethyl<^aminodipfc enyl- 
methyleneacenaphthene (Rodd and 
Linch), 2187. 

4:4 / -Tetrametbyl^zaminodiplienyl- 
metbyleneflnorene (Rodd and Linch), 
2187. 

^'-Teframethyl^airunodiphenyl- 
naphthylcarbinols (Rodd and Linch), 

2178. 

pp'-TetramethyltfiaminodiphenyLa- 
naphthylmethylamine (Rodd and 
Linch), 2178. 

££-ppVTetramethylcftaminodipheiiyl- 
styrene, and its dihydrochloride 
(Rodd and Linch), 2185. 
cut^^'-Tetrametbyldiammodipbenyl- 
8jS-4i4'-tetraet3^1dt8miBodiph eayl- 
etban-a-ol (Rodd and Linch), 
if;:;,; "2186. 

2 ^'-Tetramethylc£iaminediphenyl-o- 
tolylcarbinol (Rodd and Linch), 

pp'-Tetrametbyl^minmodipltenyl-o- 
Jnlylffifitbylanmtc (Rodd and Linch), 


PP'-Tetramethyl<ftaminodipbenyl-?tt-4^ 
xylylcarbinol (Rodd and Linch), 
2177. 

Tetramethylbenzidine, 2-amino-, and 
2 : 2 '-dmmino-, derivatives of (Bell 
and Robinson), 1698. 
s-Tetrametbyldietbyletbylene di- 

ammonium salts (Hanbart and 
Ingold), 1011. 

3:3:3':3'-Tetramethyl-l:l'-diethylin.do- 
carbocyanine iodide (Hamer), 2804. 
Tetramethylethylene nitrosochloride, 
action of aniline on (Earl and 
Kenner), 1274. 

reduction of, by hydrogen bromide 
and iodide (Earl and Kenner), 
2142. 

Tetramethyl fructose, crystalline, 
structure of (Haworth, Hirst, mid 
Learner), 1040. 

Tetramethyl 7 -fructose (Haworth, 
Hirst, and Learner), 2432. 
Tetramethyl 5-galaetonolactone, 

oxidation of, and its phenylhydrazide 
(Haworth, Hirst, and Jones), 2428. 
2:3:4:5-TetramethyIglueonic acid (Ha¬ 
worth, Loach, and Long), 3154, 
Tetramethyl gluconolactones (Drew, 
Goodyear, and Haworth), 1241. 
Tetramethyl 8 - and 7 -gluconolactones, 
oxidation of (Haworth, Hirst, and 
Miller), 2436. 

Tetramethyl glucose, structure of n- 
and 7 -fonns of (Haworth, Hirst, 
and Miller), 2436. 
mutarotation of, in aqueous alcohols 
(Richards, Faulkner, and 
Lowry), 1733. 

Tetramethylmanncnic acid phenyl- 
hydraziae (Goodyear and Haworth ), 
3143. 

2:S:4:6-Tetramethylmannose, and its 
phenylhydrazide and lactone (Drew, 
Goodyear, and Haworth), 1243. 
Tetramethyl e-methylfructoside, 

crystalline, structure of (Haworth, 
Hirst, and Learner), 1040. 

s-Tetraphenyldimethylether, preparation 
and reactions of (Ward), 2285. 
Tetraphenyltetrahydrodianthranyl 
(Barnett, Cook, and Hixon), 510. 
Tetra-o-tolylpinacol (Boyd and Hatt), 
908. 

Thallium alloys with phosphorus 
(Mansttri), 2993. 

Thermostat for polarimetry (Patterson), 
1717. 

Thioearbimides, preparation of (Dyson, 
George, and Hunter), 439. 
Thiocarbimido-groups, introductiou of, 
into aromatic compounds (Marsh), 
8164. 
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Thiocyanie acid, ferric salt (Bailey), 
2065. 

Thionyl compounds, aromatic, and chloro- 
(Green), 500, 554, 2930. 

Thionylalizarin, reactions of (Greek), 
2930. 

l:9-TMonylbihydroxyanthracene 3 and 
4rcMoro- (Greek), 2344. 

Thionylbiliydrozyaiithraeenes (Green) , 
554. 

1:8-ThioBylbihydroxynaphthaleiie 
(Green), 2344, 

TMonylpyrocatechol (Green), 500. 

Thionylquinol, bichloro- (Green), 
502. 

3-Thujolacetic acid, preparation of 
(Hugh and Kon), 2597. 

jS-Thujylideneacetic acid, and its deriv¬ 
atives (Hugh and Kon), 2597. 

3- Thujylideneacetone, and its semi- 
carbazone (Hugh and Kon), 2599. 

Titanium :— 

Titanous chloride, use of, in determin¬ 
ation of copper and iron (Emmett), 
2059. 

Toluene, 2:4-bichloro-5-nitro- (Dads- 
well and Kenner), 585. 

Tolueneseleninic acids (Porritt), 29. 

Toluene-w-sulphonic acid, and its chlor¬ 
ide, nitration of (Bottomley and 
Robinson), 2785. 

p-Toluenesulphonmethyl-2-nitro- 
anilide (Bell and Robinson), 1129. 

p-ToIuenesulphon-2-nitroanilide ( Bell 
and Robinson), 1129. 

4- Toluenesulphonyl phenyl bisulphides, 
substituted (Brooker, Child, and 
Smiles), 1386. 

1- ToluidinocycZopentanes, and tbeir 

carboxylic acids and carboxyamides 
(Oakeshott and Plant), 486. 

Toluquinone, surface tension and density 
of (Garner and Sugden), 2880. 

s-Tolyldimethyltbiocaxbamides(HuN ter 
and Styles), 1212 . 

3-Tolylethyl bromides, isomeric, prepar¬ 
ation and hydrolysis of (Shoesmith 
and Connor), 1768. 

Tolylfcydxazines, action of, on dihydr- 
oxytartaric aeid (Chattaway and 
Humphrey), 2793. 

m-Tolyl oxide, potassium, interaction of 
aliphatic esters with (Smith), 170. 

w-Tolyloxyacetic acid, ethyl ester 
(Smith), 176. 

2- j>Tolyloxy-5-methylacetophenone 
(Reilly and Drumm), 2819. 

o-Tolylselenoglycollic acid (Porritt), 
28. 

o-Tolylthiocarbimide, 3:5-bibromo-, and 
3-nitro- (Dyson, George, and 
Hunter), 444. 


Triacetonamine hydrate, preparation of 
(Francis), 2897. 

O-Triacetyldihydrocaraj urinol (Chap¬ 
man, Perkin, and Robinson), 
3024. 

w-Txiacontane, oxidation of (Francis 
and 'Wood), 1897. 

Trianhydrobisbenzoylacetaldehyde- 
phloroglucinol (Pratt, Robertson, 
and Robinson), 1976. 

Triarylcarbinols, synthesis of (Rodd and 
Linch), 2174. 

Triarylmethane dyes, synthesis of (Rodd 
and Linch), 2174. 

Tribenzylhydrazine, Zn-o-bxomo-, 
hydrochloride of (Kenner and Wil¬ 
son), 1111. 

a,8j8~Tric&rbethoxyz-sobiityrylsuecinio 
acid, ethyl ester (Robinson and 
Zaki), 2413. 

Triethylamine, 3 -amino-, complex 
nickel salts of (Mann), 2910. 

l:2:7-Trimethoxyanthxacene (Mao- 
master and Perkin), 1308. 

3:4:6-Trimethoxyanthranol, and its 
acetyl derivative (Macmaster and 
Perkin), 1309. 

2:4:6-Trimethoxybenzoylpyruvic acid, 
ethyl ester (Pratt, Robertson, and 
Robinson), 1983. 

3 A' -Trimethoxy-6:8-dimethyl- 
flavylium salts, 5-hydroxy-(R obert¬ 
son and Robinson), 2204. 

3:2':4'-Trimethoxyfiavylium chloride, 
7-hydroxy- (Pratt, Robertson, and 
Robinson), 1982. 

5:6:7-Trimethoxyflavylium salts (Chap¬ 
man, Perkin, and Robinson), 3040. 

i-Trimethoxyglntaromethylamide 
(Haworth and Jones), 2352. 

5:7 ^-Trimethoxy-d-methylflavylium 
salts, 6-hydroxy- (Chapman, Perkin, 
and Robinson), 3034. 

w:5:6-Trimethoxyresacetophenone 
(Chapman, Perkin, and Robinson), 
3033. 

Trimethylamine, action of, with benzyl 
and nitrobenzyl chlorides (Mc- 
Combie, Scarborough, andSMiTH), 
802. 

molybdenyl compounds of (James and 
Wardlaw), 2148. 

2*.3:4-Trimethyl Z-arabonolactone 

(Drew and Haworth), 775. 

Trimethyl arabonolactones (Drew, 
Goodyear, and Haworth), 1244. 
preparation of (Pryde and Humph¬ 
reys), 561. , 

oxidation of (Haworth, Hirst, and 
Learner), 2432. 

Trimethyl-6-bromo-6-piperonylethyl- 
ammonium picrate (Stevens), 184. . 
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Trimethylisobutylammonium picrate 
(Hanhart and Ingold), 1017. 

Trimethylene sulphide dimethiodide, 
supposed (Bennett and Hock), 
2496. 

SiS'-Trimethylenedi-jS-naphthas^ro- 
pyran (Dickinson and Heilbron), 
1704. 

Trimethylethylene nitrosochlorides, 
action of aniline on (Earl and Ken¬ 
ner), 1273. 

l:2:5-Trimethylglyoxaline, salts of 
(Grindley and Pyman), 3134. 

2:2:3-Trimethyl<^/cZohexan-4-one-l- 
carboxylic acid, 5:5-cZibromo- and 5- 
oximino-, methyl esters (Bhagvat 
and Simonsen), 82. 

2i2:3'Trimethyl-A 3 -cycZohexen-5“One-l- 
carboxylic acid, 4-hydroxy-, and its 
methyl ester, and tbeir derivatives 
(Bhagvat and Simonsen), 82. 

Trimethylnitr o-£-phenylethy lammon- 
ium salts (Goss, Hanhart, and In¬ 
gold), 257. 

4:4:5-TrimethylcycZopentane-l: 3-di- 
carhoxylic acid, and 1 -hydroxy-, and 
, its acetyl derivative (Bhagvat and 
Simonsen), 85. 

4:4:5-Trimethyl-A 5 -C 2 /c?opentene-l :3- 
dicarboxylic acid, and its Z-form and 
their derivatives (Bhagvat and 
A- Simonsen), 84. 

: 1!rimethyl-w-propylainmonium hydr- 
: ,p;4' f -tsdde, and its picrate (Hanhart and 
1015. 

>,;-3Sramtethyl xylonolactones (Drew, 
|M§©#year,' and 'Haworth), 1244. 

li^ihenylljiimtithine ^'benzoate and 

B : ; <Zicyanate (Challenger and Wilson), 

0^?IO-Triphenyl-9:lO-dihydroanthra- 
10-chloro- (Barnett, 
li^«if^d' lSm)N),. 511. 

and its deriv- 

\ Vi oCheland and W hitworth), 



|| „ 

‘ "^Lmetfcyl * 
i^ pLAWORTii, 
'f;'3^RAENSR), 244$i, 


^-carboxylic acid, 
Cook, atid 



jfe methylation 
Miller, and 



(B*®. 

j: ■ j 


Tropic acid group, displacement in the 
(Kerr), 1943. 

Trypanocidal action and chemical con¬ 
stitution (King), 1049 ; (Balaban 
and King), 3068. 

Tungsten, incandescent, reactions of, 
with nitrogen and with water 
vapour (Smithells and Rooksby), 
1882. 

Tungsten acid, electrometric study of 
(Britton), 147. 

Turanose (Leitch), 588. 


XT. 

w-TTndecanedicarboxy-amide, -anilides, 
and -toluidides (Barnicoat), 2928. 

TJnsaturated compounds, isomeric, de¬ 
termination of mixtures of (Lin- 
stead), 855 ; (Linstead and May), 
2565. 

simple or conjugated, orientating in¬ 
fluence of free and bound ionic 
charges on (Pollard and Robin¬ 
son), 2770 ; (Chatterjee and 
Robinson), 2780; (Bottomley 
and Robinson), 2785. 


V. 

Velocity of hydrolysis, determination 
of, from isocatalytic data (Dawson), 
1146. 

Velocity of reaction, activity theory of 
(Soper and Pryde), 2761. 

Veratric acid, phenaeyl ester (Malan 
and Robinson), 2356. 

1-Veratrylamino-l-eyanoeycZopentane 
(Oakeshott and Plant), 488, 

i^-j8-Veratryletbyl-3;4-dimethoxy- 
homophthalamic acid, methyl ester 
(Haworth, Koepeli, and Perkin), 
553. 

Veratrylidene-7-methoxychromanone, 
cZibromide and oxammo-oxime of 
(Perkin, Ray, and Robinson), 2097. 

£-Veratrylpropionic acid, 6-bromo- 
(Haworth, Koepeli, and Perkin), 
550, 

Vinyl ethyl ether, ajB-<Ztchloro-j3-bromo- 
(Smith), 1099. ■ - 

/3-Vinylacrylic acid, and j8-bromo-, and 
their methyl esters (Farmer and 

’ Healey), 1063. 

Viseosity, determination of (Howell), 

m«/, photosynthesis of (Morton, 
^iMM)* ^>00, 
nr* ; at absolute zero 
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w. 

Walden inversion, studies on (Ward), 
445. 

Water, determination of degree of dis¬ 
sociation of (Dawson), 1290. 
surface tension of (Mills and Robin¬ 
son), 1823. 

vapour pressure of, over sulphuric 
acid-water mixtures (McHaffie), 
112 . 

conductivity, routine preparation of 
(Bengough, Stuart, and Lee), 
2156. 

X, 

Xanthorhamnin, structure of (Atthee 
and Perkin), 236. 


m-Xylenes, chloronitro- (Dadswell and 
Kenner), 1106. 

Xylene-4-seleuinic acids (Porritt), 29. 
m-2-Xylidines, 4- and 5-cbloro- (Dads¬ 
well and Kenner), 1106. 
m-Xylorcin, preparation of (Robertson 
and Robinson), 2202. 
m-Xylorcylaldehyde (Robertson and 
Robinson), 2202. 

Xylyl-4-selenoglycollic acids (Porritt), 
28. 

o- and m-Xylylthiocarb-amides and 
-imides (Dyson, George, and 
Hunter), 440. 

Z. 

Zinc alloys with cohalt, iron and nickel, 
electro-deposition potentials of (Glas- 
stone), 641, 



FORMULA INDEX. 

Tee following index of organic compounds of known empirical formula is arranged 
according to Richter's system (see Lexikon der KoUmstoff-Ferbindungen). 

The elements are given in the order 0, H, 0, N, Cl, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, m groups according to the number of carbon atoms (thus Cj group, 
C 2 group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 

Balts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 


Ci Group. 

CH 4 Methane, propagation of flame in mixtures of air and (Chapman and 
Wheeler), 38. 

CO Carbon monoxide, decomposition of, in the corona discharge (Lunt and Ven- 
kateswaran), 857; explosions of air and (Ellis and Wheeler), 156; ignition 
of mixtures of hydrogen and air (Maxwell, Payman, and Wheeler), 297. 

CO, Carbon dioxide, determination of, in soil solutions (Flint), 2975. 

CS, Carbon disulphide, ignition of (White), 793. 

111 

CH,0 Formaldehyde, condensation of, with glyoxalines (Gmndley and Pyman), 
3128.. 

C0C1, Carbonyl chloride, thermal dissociation of (Ingleson), 2244. 

1IH 

CHNS Thiocyanic acid, ferric salt (Bailey), 2065. 

Carbohydrazide, reactions of (Brown, Pickering, and Wilson), 107* 


C 2 Group. 

C,H, Acetylene, action of nitric acid on (McKie), 962. 

C,H* Ethylene, action of nitric acid on (McKie), 962. 

2 Q 

C,H,0< Oxalic acid, formation of, from sugars (Challenges, Sttbbahaniam, and 
Walker), 200; (Walker, Shbrahaniam, and Challenger), 8044. 

CAO, Acetic acid, purification of (Orton and Bradfield), 983 ; equilibria of, 
with its copper and lead salts and water (Sandved), 2967. 

<3*11*1 Ithyl iodide, preparation of (Jones and Green), 928. 

&E«0 Ethyl alcohol, snrf&ee tension of (Mills and Robinson), 1823; dehydration 
of (Smith), 1288; effect of temperature on solubility in aqueous mixtures of 
(Weight), 1334 ; determination of water in (Smith), 1284. 
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2 III—4 III 


2 HI 

C 2 H0C1 3 Chloral, action of, with arylhydrazines (Chattaway and Bennett), 
2850; condensation of jt?-hydroxybenzoic acid with (Chattaway and Peats), 
685; condensation of, with phenol (Chattaway and Morris), 2013. 

C 2 H 2 0 8 Mo Oxalomolybdous acid, barium salt (James and Wardlaw), 2152, 

2 IV 

C 2 H 2 0 2 CH Chloroiodoacetic acid, resolution of. and its salts (McMath and 
Bead), 537. 

C 2 H s ON 2 Cu Ethylenediamminocupric hydroxide, hydrated sulphite of (Morgan 
and Burstall), 1266. 

C 3 Group. 

C 3 0 2 Carbon snboxide, properties of (Edwards and Williams), 855. 

3 II 

C 8 H 6 0 Acetone, antocatalytic reaction between iodine and (Dawson), 458. 

C 3 H*0 s Methyl acetate, vapour pressures of mixtures of, with water and with 
sucrose and water (McKeown and Stowell), 97. 

C 3 H 6 0 3 ^7-Glyceraldehyde, preparation and properties of (Reeves), 2477. 

C 3 H 8 N Trimethylamine, action of, with benzyl and nifcrobenzyl chlorides (Mc- 
Combie, Scarborough, and Smith), 802. 

3 III 

C 3 H 3 OB 1 ? a-Bromoaeraldehyde (Farmer and Healey), 1066. 

C 3 H 9 N 2 Bp jS-Bromo-ay-diaminopropane, complex nickel salts of (Mann), 2912. 

C 3 H 9 N 3 S /ff-Efchylthiosemiearbazide. dihydrochloride of (Baird, Btjrns, and 
Wilson), 2529. 

C 3 H 10 ON 2 oy-Diaminoisopropyl alcohol, complex nickel salts of (Mann), 2913. 

3 IV 

C 3 H 4 O 3 N 2 S Glyoxaline- 2 -sulphonic acid, and its barium salt (Barnes and 
Pyman), 2712. 

C 3 H®ClI 2 Hg 3 Substance, from mercuric chloride and magnesium methyl iodide 
(Henry and Sharp), 1949. 

CjjHuNsCliPt Tiichlorotriaminopropaneplatinic chloride (Mann), 1231. 

C 3 H 12 N 3 Cl 5 Pt Tetrachloro(triaminopropanehydrochloride)platinum (Mann), 1229. 

3 V 

C 3 H 10 ONC1 4 Mo Trimethylammonium molybdenyl tetrachloride (James and 
Wardlaw), 2151. 

C 4 Group. 

C t H ( 0 3 Acetic anhydride, action of bromine on (Op.ton, Watson, and Hughes), 
2458; (Watson), 3065; estimation of, in acetic acid (Orton and Bradfield), 
983. 

C*H 3 0 8 Dlhydroxytartaric acid, action of halogenated phenylbydrazines on 
(Chattaway and Humphrey), 1323; action of tolylhydrazines on (Chatt¬ 
away and Humphrey), 2793. 

C 4 H 8 O a Ethyl acetate, hydrolysis of (Dawson and Lowson), 2107, 2444. 

C 4 H 10 O Ethyl ether, viscosity of, at low temperatures (Archibald and Dee), 610 * . 
propagation of flame in mixtures of air and (White), 498 j action of, on siHeon 
tetrachloride (Kipping and Murray), 2734. 

C 4 H 12 N 2 ^-Methyltrimethylenediamine, dihydrohalides and complex salts of 
(Mann), 2916. 

4 III 

C 4 H^0|C1 2 Succinylchloride, surface tension and density of (Garner and Sugden), 
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C 4 H 4 0 5 Hg 3 Substance, from beating mercuric acetate and sodium acetate (Marsh 
and Struthers), 2650. 

C 4 H 6 O e Cu Cupriglycollic acid, sodium salt (Ware), 1757. 

C 4 H 8 0 2 S s j 8 -Dithian dioxide (Bell and Bennett), 1801. 

C.H.N.S N-Allyltbiosemicarbazide, dihydroehloride of (Baird, Burns, and Wil¬ 
son), 2529. 

CJJioGS Methyl 7 -hydroxypropyl sulphide (Bennett and Hook), 2498. 

C 4 H 10 0 2 S 2 Diraethylethylene disulphoxides (Bell and Bennett), 1803. 

CiHioOftS a-Methylpropanesulphonic acid, and its salts (Evans, Mabbott, and 
Turner), 1167. 

G 4 H 10 NC1 jS-Cblorodimetbylethylamine, picrate of (Hanhart and Ingold), 1013. 

C 4 H u N*S jtf-Propylthiosemiearbazide, dihydrochloride of (Baird, Burns, and 
Wilson), 2529. 

4 IV 

C 4 H 5 0N 2 Bf Bromohydroxymethylglyoxaline, and its hydrochloride (Grindley 
and Pyman}, 3131. 

G 4 H 5 OCI 2 BP a£-Dichloro-j8-bromovinyl ethyl ether (Smith), 1100. 

C 4 H 5 0CltBF 3 aj8-Dichloro-a0j3-tribromodiethyl ether (Smith), 1101. 

C 4 H#0NCI 7 -Chloro-a-hydroxy-Ti-butyTomtriIe (Crawford and Kenyon), 400. 

C 4 H e 0 a N 2 S Methylglyoxaline- 2 -sulphinic acid (Balaban and King), 1871. 

C 4 H 8 0 8 N s S Methylglyoxaline- 2 -sulphonic acid, and its salts (Balaban and 
Kesg), 1872. 

4(5)>Methylglyoxaline-5(4)-snlphonic acid, and its salts (Barnes and Pyman), 
2713. 

C 4 H»0 4 SNa Sodium sec.-butyl sulphate (Evans, Mabbott, and Turner), 1167. 

C 4 H 18 0N 4 CU Bisethylenediamminocupric hydroxide, salts of (Morgan and 
Burstall), 1264. 

C B Group. 

C 5 HuN Piperidine, use of, as an alkaline buffer (Prideaux and Gilbert), 2164 ; 
as a reagent for halogenonitro-compounds (Le FRvre and Turner), 1113. 

G 5 H 13 N Dimethyl-n-propylamine, and its picrate (Hanhart and Ingold), 1007, 
1019. 

5 III 

C 8 H 5 0 2 Bp Bromo-£-vinylacry]ic acid (Farmer and Healey), 1063. 

C 5 H 8 0 2 Bf 2 Dibromovinylacrylic acid (Farmer and Healey), 1062. 

CfiH 8 0Nj l-Methyl- 2 -hydroxymethylglyoxaline, and its picrate (Grindley and 
Pyman), 3135. 

CsH 8 0 S Penthian-4-one (Bennett and Scorah), 198. 

Diaoetyl 5-aminosemicarbazone (Brown, Pickering, and Wilson), 

110 . 

GsHisMtS tf-Butylthiosemicarbazide, dihydrochloride ■ of (Baird, Burns, and 
Wilson}, 2530. 

5 IV 

CfiH^OjNjS 2 -Thiolmethylglyoxalinecarboxylic acid (Balaban and King), 1865. 

CjHjONS Penthian-4-one oxime (Bennett and Scorah), 199. 

■■ 5 V . ' 

GsHsOjJfjSAn 2 -Aurothiolmethylglyoxalinecarhoxylic acid (Balaban and Sing), 
% G^UOjKCljMo Pyridinium molybdenum dioxydichloride (James and Wardlaw), 

CyEiuO^CliPt Chloro-oxalatotriaminopropaneplatinic chloride (Mann), 1232. 

G^igOj&tCrijP£ Tetrachloro{triaininopropanebydrogenoxalate)platinum (Mann), 
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5 VI 

C 5 H 5 0 a N 2 ClSHg 2-Chloromerciuithiolmethylglyoxalinecarboxylic acid (Balaban 
and King), 1871. 

C 6 Group. 

G 6 H 6 Benzene, adsorption of vapour of, by glass, quartz, or platinum (Lenher), 
272 ; partition of hydrochloric acid between water and (Knight and Hinshel- 
wood), 468. 

A«e-Hezadien- 7 -in (Farmer, Laroia, Switz, and Thorpe), 2948. 

C 8 H 8 Hexatriene, structure and behaviour of (Farmer, Laroia, Switz, and 
Thorpe), 2937. 

GeH ls cyclo Hexane, photobromination of (Wood and Rideal), 2466. 

6 II 

C.H.O, jj-Benzoquinone, surface tension and density of (Garner and Sugden), 
2880. 

G 8 H fi Cl Benzyl chloride, action of trimethylamine with (McComrie, Scarborough, 
and Smith), 802. 

G 6 H 6 0 Phenol, condensation of, with chloral (Chattaway and Morris), 2013. 

G 6 H 8 0 2 Quinol, crystal structure of (Caspari), 1093. 

Resorcinol, condensation of, with cinnamic acid (Ellison), 1720. 

G 9 9 6 0s Pyrogallol, condensation of, with cinnamic acid (Ellison), 1720. 

c 6 h 7 n Aniline, influence of salts on solubility of, in water (Glasstone, Bridg¬ 
man, and Hodgson), 635. 

C 8 H 7 Br Bromohexatrienes (Farmer, Laroia, Switz, and Thorpe), 2948. 

C 8 H 8 0 7 Citric acid, formation of, from sugars (Challenger, Subramaniam, and 
Walker), 200; (Walker, Subramaniam, and Challenger), 3044. 

C 8 H 8 Bp 2 Dibromohexadienes (Farmer, Laroia, Switz, and Thorpe), 2949. 

C 6 H 8 Bp 4 aj8y5-Tetrabromo-A«-hexene (Farmer, Laroia, Switz, and Thorpe), 
2948. 

C 8 H s Bf 8 Tribromohexene (Farmer, Laroia, Switz, and Thorpe), 2947. 

C 6 H 10 0 2 7 -Ethoxycrotonaldehyde (Farmer, Laroia, Switz, and Thorpe), 2952. 

C e H 10 O s Ethyl acetoacetate, action of, with diatyryl ketones (Heilbron and Hill), 
918, 

c«H 10 o 8 Mncic acids, salts (Patterson and Fulton), 50. 

G 8 H 10 N 2 1 :2:3-Trimethylgly oxaline, salts of (Grindley and Pyman), 3134. 

C 8 H 12 0 2 Caproic acid, poisoning of charcoal surfaces with (Wright), 2325. 

C 6 H 12 0 8 Dextrose, mutarotation of, in aqueous alcohols (Richards, Faulkner, 
and Lowry), 1733. ’ 

Galactose, structure of (Haworth, Hirst, and Jones), 2428. 

Lsevulose, structure of (Haworth, Hirst, and Learner), 1040. 

CgHjgOi s-Divinylglycol (Farmer, Laroia, Switz, and Thorpe), 2946. 

C 8 H u O c Dimethyl 7 -mannonolactone (Goodyear and Haworth), 3143. 

C 8 H 15 N Dimethylisobutylamine, and its picrate (Hanhart and Ingold), 1017. 

C 8 H 18 N 2 £-Amiuotriethylamine, complex nickel salts of (Mann), 2910. 
Dimethylethylethylenediamine, dipicrate of (Hanhart and Ingold}, 1010. 

6 III 

C 6 H 4 0 3 S Thionylpyrocatechol (Green), 501. 

C 8 H 4 N 8 Fe Hydroferrocyanic acid, calcium and sodium salts, equilibrium of water 
and (Farrow), 1153; potassium sale, solubility of, in water (Vallance), 

. 1328. 

C 8 H 5 0C1 m-Chlorophenol, Reimer-Tiemann reaction with (Hodgson and Jenkin- 
son), 1740. 

C«H 5 0 8 N o-Nitrophenol, iodination of (Hodgson), 1141. 
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C 6 H 6 0 3 N 2 3-Nitro-2-aminophenol (King), 1058. 

C 6 H 7 0 2 Bp Bromosorbic acid (Farmer and Healey), 1064. 

Methyl bromo-p-vinylacrylate (Farmer and Healey), 1063. 

CeHfNS o-Aminothiophenol, condensation of, with aj3-nnsatnrated acids (Mills 
and Whitworth), 2738. 

GeHg0 2 Br 2 Methyl jS-vinylacrylate (Farmer and Healey), 1062. 

C 3 H 10 ON 2 Dimethylhydroxymethylglyoxalines, and their salts (Grindley and- 
Pyman), 3132. 

C 3 Hio 0«Cu Cuprilactic acid, sodium salt (Ware), 1757. 

C 8 H 10 N 2 S 2 -Ethylthiolmefchylglyoxaline, and its salts (Balaban and King), 1866. 
C 6 H 12 0 4 N 3 ^Dimethoxysnccinamide (Haworth and Jones), 2352. 

CaHi S ON j 8 -Hydroxylamino-j 8 y-dimetbyl-Ay-butene, hydrochloride of (Earl and 
Kenner), 2142. 

4-Hydroxy- 1 -methylpiperidine, and its salts (Mills, Parrin, and Ward), 2622. 
C 6 H 18 0 4 N Hydroxydimethoxybutyramide (Avery, Haworth, and Hirst), 
2313. 

C«H 13 N 3 S Acetone 5 -ethyltbiosemicarbazone (Baird, Burns, and Wilson), 2529. 
C 6 H 14 NG1 j 8 -Chlorodimethyldiethylamine, picrate of (Hanhart and Ingold), 
1014. 

CeHjsON B-Hydroxydimethyldiethylainine, picrate of (Hanhart and Ingold), 
1013. 

C c H 19 0 9 N a Picratopentamminocobaltic hydroxide, picrates of (Duff and Bills), 
2371. 

6 IV 

C 6 H0 4 C1 5 S 2 s-Tricblorobeazenedisulphonyl chloride (Davies and Powell), 1124. 
G e H 2 0 7 N 3 I 3-Iodo-2:4i6-trinitrophenol (Hodgson and Moore), 635. 

CftHsOsNCRs 3;5-Dichloro-4-nitrosopheno3[-qninone-4-oxime] (Hodgson and Wig- 
nall), 2210 . 

C*H 3 0 3 NC1 2 3:5-Dichloronitrophenols (Hodgson and Wignall), 2218. 

C 6 H 3 0 5 N 2 I 3 -Iododinitrophenols, and their silver salts (Hodgson and Moore), 
634. 

G 6 H 3 0 6 C1 8 S s-Triclilorobenzenedisul phonic acid, and its salts (Davies and 
Powell), 1124. 

C 8 H 4 0 2 NCI Nitrobenzyl chloride, action of trimethylamine with (McCombie, 
Scarborough, and Smith), 802. 

CftHtOgNI 3-Iodonitrophenols, and their salts (Hodgson and Moore), 632. 
C«H 4 0 4 C1 2 S 2 Diehlorothionylqninol (Green), 502. 

G 3 H 4 O e Cl i S 2 l:3-Dichlorobenzene-4:6-disulphonic acid, and its salts (Davies and 
, Poole), 1122. 

G^HjONCU 3:5-Dichloroaminophenols (Hodgson and Wignall), 2218. 
CcH 5 0 a BrSe Bromobenzene-p-seleninie acid (Porritt), 29. 

C e H 5 0«NHg 5 Substance, from mereuretin and ammonia (Marsh and Struthers), 
2660. 

C«H 7 O a N 2 BP a-Bromomnconamides (Farmer and Duffin), 408, 

C c H 8 0 4 NG1 7 -Chloro-a-cyanopropyl benzoate (Crawford and Kenyon), 400. 
C 8 H 9 0 4 N 2 As 3;5-Diamino-2-hydroxyphenylarsinic acid (King), 1057. 

G e H u 0N 3 S Penthian- 4 -one semicarbazone (Bennett and Scorah), 199. 

CbHjiGIS Penthianonemetbylsulphonium iodide (Bennett and Scorah), 2 Q 0 . 

Thiodipropiondiamide (Bennett and Scorah), 196. 

€bH 23 NG1I ^-Chlorodimethyldiethylammonium iodide (Hanhart and Ingold), 

; • 1914. 

6 V 

s-Trichlorobenzenedisulphonamide (Davies and Poole), 1124. 
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6 V—7 III 


C 6 H 20 ON 2 C1 5 Mo Ditrimethylammonium molybdenyl pentachloride (James and 
Wardlaw), 2148. 

C 7 Group. 

C 7 H 6 0 2 Benzoic acid, heats of combustion of salicylic acid and (Berner), 838 ; 
equilibrium of sulphur with (Hammick and Holt), 493 ; nitration of (Cooper 
and Ingold), 840. 

Toluquinone, surface tension and density of (Garner and Sijgden), 2880, 

c 7 h 6 o 3 j?-Hydroxybenzoic acid, condensation of chloral with (Chattaway and 
Prats), 685. 

Salicylic acid, heats of combustion of benzoic acid and (Berner), 838; copper 
salt, transport numbers of (Hamer and Bury), 333; molybdenyl salts, 
isomeric (Wardlaw and Wormell), 137. 

C 7 H 8 0 3 w-Methoxy-5-methylfurfural (Haworth, Hirst, and Nichols on), 1524. 

C 7 H 8 0 4 «-Methoxy-5-methylfuran-2-carboxylie acid (Haworth, Hirst, and 
Nicholson), 1525. 

C 7 H 17 N Dimethylethyl-?i-propylamine, salts of (Hanhart and Ingold), 1006. 

TrimethyKsobutylamine, picrate of (Hanhart and Ingold), 1017. 

7 in 

C 7 H 3 OCl 3 2:3:5-Trichlorobenzaldehyde (Hodgson and Beard), 2382. 

C 7 H 3 0 8 N 3 2:4:6-Trinitro-3-hydroxybenzaldehyde (Hodgson and Beard), 2379. 

C 7 H 4 OBp 2 3:4-Dibromobenzaldehyde (Hodgson and Beard), 26. 

C 7 H 4 OI 2 3:4-Di-iodobenzaldehyde (Hodgson and Beard), 27. 

C 7 H 4 0 2 Bp 4 Substance, from bromine and dimethylpyrone (Collie and Klein), 
2163. 

C 7 H 4 0 6 N 3 Dinitrohydroxybenzaldebydes, and their salts (Hodgson and Beard), 
2378. ‘ 

C 7 H s OC 1 Benzoyl chloride, nitration of (Cooper and Ingold), 839. 

C 7 H 6 0 2 C1 Chlorohydroxybenzaldehydes (Hodgson and Jenkinson), 1740. 

C 7 H 5 O a I Iodohydroxybenzaldehydes (Hodgson and Jeneinson), 3043. 

C 7 H 5 0 8 C1 2-Chloro-4-hydroxybenzoic acid (Hodgson and Jeneinson), 1742. 

C 7 H 6 0 3 Bp Bromohydroxybertzoic acids (Hodgson and Jenkinson), 3042. 

C 7 H 5 0 8 I Iodohydroxybenzoic acids (Hodgson and Jenkinson), 304$. 

G 7 H 5 NSe Benzselenazole (Clark), 2806. 

C 7 H 6 0 2 Br 2 Substance, from heating C 14 H 17 0 4 Br 3 with water (Collie and Klein), 
2162. 

C 7 H 6 0 3 N a Nitrobenzaldoximes, and their sulphates (Brady and Whitehead), 
2935. 

C 7 H 6 O s N 2 Dinitro-^-cresols (Dadswell and Kenner), 584. 

C 7 H 7 ON Benzamide, nitration of (Cooper and Ingold), 841. 

C 7 H 7 0C1 o-Chloroanisole, nitration of (Ingold and Smith), 1691. 

C 7 H 7 OBp o-Bromoanisole, nitration of (Ingold and Smith), 1694. 

C 7 H 7 OI o-Iodoanisole, nitration of (Ingold and Smith), 1695. 

C 7 H 7 OK Potassium m-tolyloxide, interaction of aliphatic esters with (Smith), 170, 

C 7 H 7 0 2 Br Bromoquinol methyl ethers (Irvine and Smith), 74. 

C 7 H 7 0 3 N Acetyl-a-furfuraldoxime (Brady and Goldstein), 1961. 

C ? H 7 0 3 N 3 3-Nitro-4-aminobenzaldoxime (Hodgson and Beard), 23. 

C 7 H 7 0 3 Bp Substance, from bromine and diacetylacetone salts (Collie and 
Klein), 2164, 

C 7 H 8 0 2 S Toluene-aj-sulphonic acid, nitration of (Bottomley and Robinson), 
2786. 

C 7 H 8 0 2 Se Tolueneseleninic acids (Porritt), 29, 

3269 
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C 7 H 8 O s N 2 0 -^-Hitrobenzylbydroxylaraine, and its hydrochloride (Brady and 
Klein), 882. 

C 7 H 8 0 2 Br Methyl bromosorbate (Farmer and Healey), 1064. 

C 7 H 8 0 s N «-Metboxy-5-methylfurfuraldoxime (Haworth, Hirst, and Nichol- 
son), 1624. - 

C 7 H 10 O 2 BP a Methyl dibromosorbate (Farmer and Healey), 1064. 

C 7 H u OjN £ 8 -Dimethylglntarimide (Sircar), 604. 

os-Methylethylsucciniinide (Sircar), 1254. 

C 7 H w N 3 S Acetone ^-aHyltbiosemicarbazone (Baird, Burns, and Wilson), 
2529. 

C 7 H 14 0N 4 Diacetonecarbobydrazone (Brown, Pickering, and Wilson), 108- 
C 7 H 15 0 3 N Carnitine, constitution of (Crawford and Kenyon), 396. 

C 7 H 15 N 3 S Acetone ^-propyltbiosemicarbazone (Baird, Burns, and Wilson), 
2529. 


7 IV 


C 7 H 8 0 4 NC1 3 

C 7 H s NBp 2 S 

448. 

C 7 H 4 ON 2 Br 4 

2427. 


2;5-Dichloro-3-nitrobenzoic acid (Hodgson and Beard), 2381. 
2 :5-Dibromophenylthiocarbimide (Dyson, George, and Hunter), 

2:4:5:6-TetrabromO"3*aminobenzaldoxime (Hodgson and Beard), 


C 7 H 4 0 3 NI 4-Iodo-3-nitrobenzaldehyde (Hodgson and Beard), 25. 

C 7 H 4 NIS Iodopbenyltbiocarbimides (Dyson, George, and Hunter), 443. 
C 7 H fi ONBr s 3 : 4 -Dibromobenzaldoxime (Hodgson and Beard), 26. 

G 7 H s ONI 2 3 : 4 -Di-iodobenzaldoxime (Hodgson and Beard), 27. 

C 7 H s OC1 2 I Dicbloroiodoanisole (Ingold, Smith, and Yass), 1249. 

C 7 H 5 0 2 NCI a 2:4-Dicbloro-5-nitrotoluene (Dadswell and Kenner), 585. 
C 7 H 6 0 2 N s S 3 -Nitro-l-aminobenztbiazole (Dyson, Hunter, and Morris), 
1192. 


C 7 H 6 0 3 NC1 2 3 : 5 -Dicbloronitroanisoles (Hodgson and Wignall), 2219. 
G 7 H 6 0 3 N 2 C1 4 -Cbloro- 3 -nitrobenzaldoxime (Hodgson and Beard), 24. 

C 7 H 6 O s N 2 I 4-Iodo-3-nitrobenzaldoxime (Hodgson and Beard), 25. 

CfRsNaCIS 5 -Cbloro-l-aminobenzthiazole (Dyson, Hunter, and Morris), 1190. 
C_H 6 N 2 Bp 5 S 5 -Bromo-l-aminobenztbiazole tetrabromide (Dyson, Hunter, and 
Morris), 1191. 

CyHiONCl a-o-Cblorobenzaldoxime, sulphate of (Brady and Whitehead), 2936. 
C ? H,ONl Iodobydroxybenzaldoximes (Hodgson and Jenkinson), 3043. 
q^HeOGH 4-Cbloro-2-iodoanisole (Ingold, Smith, and Yass), 1248. 

C^HftOaHCl Cblorobydroxybenzaldoxime (Hodgson and Jenkinson), 1740. 

B- 0 bltMTo- 4 -nitroaoisoIe (Hodgson and Wignall), 2220. 

CAOaUI 3 -Iodonitropbenyl methyl etbors (Hodgson and Moore), 632. 
C 7 H«N 2 Bp 2 S 2 : 5 -Dibiomopbenyltbiocarbamide (Dyson, George, and Hunter), 
443. 

C^ONCls 3:5-Dicbloro-4-aminoanisole (Hodgson and Wignall), 2219. 
C^OjClS Tolnene*a)-snlpbonyl chloride (Bottomley and Robinson), 2785. 
C 7 H 7 N*BrS o-Bromopbenyltbiocarbamide (Dyson, George, and Hunter), 443. 
CyHyHJS Iodopbenyltbiocarbamides (Dyson, George, and Hunter), 443. 
CyEUOfiNtAs 2- Hydroxy- 4 -carbamidopbenylarsinie acid, and its salts (King), 

CjHmOsNsS 2 -Etbyltbiolmetbylglyoxalinecarboxylic add, and its bydrocblorides 
■ (Balaban and King), 1867. 

GjHxsONaCl 7 -Dimetbylamino-a-bydxoxy- 7 i-butyronitrile methochloiide, and its 

^s fORAWFORD and Kenyon), 401. 

^ ^ - r 3270 : 
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C 7 H 18 0 3 NC1 a-Hydroxy-y-butyrotrimethylbetaine hydrochloride, and its salts 
(Crawford and Kenyon), 401. 


7 V 

C 7 H fi ONClBr Chlorobromobenzaldoximes (Hodgson and Beard), 26. 

C 7 H b ONC1I Chloroiodobenzaldoximes (Hodgson and Beard), 26. 

C 7 H 5 ONBlT Bromoiodobenzaldoximes (Hodgson and Beard), 26. 

C 7 HsN*ClB? a S 5-Chloro-l-aminobenzthiazole dibromide (Dyson, Hunter, and 
Morris), 1190. 

C 7 H 6 N 2 CIBp 6 S 5-Chloro-l-aminobenzthiazole heiabromide (Dyson, Hunter, and 
Morris), 1191. 

C 7 H*0 4 NC1S Nitrobenzylsulphonyl chlorides (0. K. and E. H. Ingold and Shaw), 
831* 


C 7 H 9 0 2 N 2 SAU Ethyl 2-aurothiolmethylglyoxalineearboxylate (Balaban and 
King), 1869. 


7 VI 

C 7 H 8 0 2 N 2 ClSHg Ethyl 2-chloromercurithiolmethylglyoxalinecarboxylate (Bala¬ 
ban and King), 1871. 


C 8 Group- 

C 8 H w af-Dimethylhexatriene (Farmer, Laroia, Switz, and Thorpe), 2957. 

8 II 

c 8 h.o 4 isoPhthalic acid, oxidation of (Farmer and Richardson), 62. 

CgHgOs Acetylpyrocatechol (Green), 502. 

Mandelic acid, cnprie salt (Ware), 1754. 

C 8 H 10 0 3 2:3-Dimethylcyc^bntane-l:4-dicarboxylic anhydride (Vogel), 1993. 
C 8 H 10 O 4 4:5-Dimethoxyresorcinol (Chapman, Perkin, and Robinson), 3031. 

4- Hydroxy-2:2-dimethylcycfopenteii-3-one-l-carboxylic acids (Gibson, Hari- 
haean, and Simonsen), 3013. 

Methyl a>-methoxy-5-methylfuran-2-carboxylate (Haworth Hirst, and Nichol¬ 
son), 1525. 

C a HxaOi Ethyl A x -eycZopentenecarboxylate (Sircar), 1255. 
cycZoHexylideneacetic acid, sodium salt (Linstead), 370. 

5- Hydroxyc^cZohexolaeetoIactone (Robinson and Zaki), 2411. 

G a H ia 0 4 2:8-DimethylcycZobutane-l:4-dicarboxylic acids (Vogel), 1993. 

Methyl AMihydromuconate (Farmer and Duffin), 409. 

Methylethylparaconic acid, and its silver salt (Sircar), 1258. 
2r<m-cyc7oPentane-l-carboxy-2-aeetic acid (Sircar), 1255. 

C a H 12 BF 2 Dibromo-5-dipropenylethylene glycol (Farmer, Laroia, Switz, and 
Thorpe), 2957. 

C s H u O, H-Methyl-a-ethyl-A^-pentenoic acid, and its silver salt (Kon and Nara 
YANAN), 1645. 

C a H 14 0 B 2:3:4-Trimethyl 7-arabonolactone (Drew and Macbeth), 778. 

Trimethyl arabonolactones (Drew, Goodyear, and Haworth), 1244. 

Trimethyl y-arabonolactones, oxidation of (Haworth, Hirst, and Learner). 
2432. 

Trimethyl xylonolaotones (Drew, Goodyear, and Haworth), 1244. 

C 8 H 16 0« 7 -Ethylfructoside (Allpress, Haworth, and Inkster), 1235., 

C 8 H 18 0 a-Ethoxyhexane (Farmer, Laroia, Switz, and Thorpe), 2951; 

CsHjoNa j8-Dimethylaminodimethyl<Rethylamine picrate (Hanhart andlNGOLD), 

1011 . 

Hexamethylethylenediamine, picrate of (Hanhart and Ingolb), 1012. 

3271 6 ? 
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8 III 

CgHgNsMo Hydromolybdicyanic acid, and its salts (Bucknall and Wardlaw), 
2987. 

C 8 H 4 0 2 C1 2 Phthalyl chlorides, surface tension'and density of (Garner and Sug- 
den), 2881. 

C 3 H 4 N 2 Cl 4 aa-Dichloro-£-2:4-dichlorobenzeneazoethylene (Chattaway and Ben¬ 
nett), 2853. „ 

C 8 H 4 N 2 S Cyanophenylthiocarbimides (Dyson, George, and Hunter), 442. 
C 8 H*N 8 Mo Hydromolybdocyanic acid, salts of (Bucknall and Wardlaw), 2981. 
CgH 5 0 4 N s 2:4-Dinitrophenylacetonitrile (Faxrbourne and Fawson), 48. 
C s H 6 0C1 2 3:4-Dichloroacetophenone (Roberts and Turner), 1855. 

C 8 H 8 0 3 C1 2 3:5-Diehloroanisic acid {Blakey, Jones, and Scarborough), .2868. ' 
C 8 H 6 0 5 N 2 a-6-Nitro-3:4-methyleiiedioxybenzaldoxime, sulphate of (Brady and 
Whitehead), 2937. 

C 8 H 8 0 8 N a Dinitromethoxybenzaldehydes (Hodgson and Beard), 2381. 

G 8 H«0 7 N 2 2:3-Dinitro-4-methoxybenzoic acid (Dadswell and Kenner), 687. 

2:6-Dinitro-3-methoxybenzoic acid (Hodgson and Beard), 2381. 

C 8 H 7 0 2 N 2-Hydroxy-5-methoxybenzonitrile (Shinoda), 1984. 

C 8 H 7 0 2 C1 4-Chloro-2-methoxybenzaldehyde (Hodgson and Jenkinson), 1741. 
C 8 H 7 0 2 Bf Bromomethoxybenzaldebydes (Hodgson and Jenkinson), 3042. 
C 8 H 7 0 2 I Iodomethoxybenzaldehydes (Hodgson and Jenkinson), 3043. 

C 8 H 7 0 8 N a-3:4-Methylenedioxybenzaldoxime, sulphate of (Brady and White* 
head), 2937. 

CsHANa 7 -Nitro-6-methoxyindazole (Dadswell and Kenner), 586. 

C 8 H 7 0 3 €1 4-Ohloro-2-methoxybenzoic acid (Hodgson and Jenkinson), 1741. 
€ 8 H 7 O s Bf Bromomethoxybenzoic acids (Hodgson and Jenkinson), 3042. 

C 8 H 7 O s I Iodomethoxybenzoic acids (Hodgson and Jenkinson), 3043. 

CsH 7 N 3 S CyanophenylthiGcarbamides (Dyson, George, and Hunter), 442. 
C 8 H 7 Cl 2 Br a-2:4-Dichlorophenylethyl bromide (Evans, Mabbott, and Turner), 
1165. 

CgHsOCl* 2:4-Dichlorophenylmethylcarbinol (Evans, Mabbott, and Turner), 
1164. 

C s H 8 0 4 H 2 Dinitro-^-phenylethane (Baker and Wilson), 846. 

€ 8 H 8 0*N 2 2:5-Dinitrocreosol (Oxford), 1967. 

5:6-Dinitroiwcreosol (Oxford), 1970. 

G*H 9 0 2 N Methoxybenzaldoximes, sulphates of (Brady and Whitehead), 2936. 
a-Nitro-#-phenylethane (Baker and Wilson), 844. 

Piperonylmethylamine, and its salts (Malan and Bobinson), 2654. 

G 3 H 8 Q s C 1 Chlorocreosol (Oxford), 1966. 

C 8 H*Q 3 N 2-Hydroxy-5-methoxybenzaldoxime (Shinoda), 1984. 

6-hHtroisocreosol (Oxford), 1970; (Heap, Jones, and Bobinson), 

2022 ; 

C g H 9 0 4 N 8 p-hTitrobenzyloxycarbamide (Brady and Klein), 882. 

C 8 H fi 0 4 Br Methyl a-hromomuconates (Farmer and Duffin), 407. 

GgH^ONg Benzaldehyde 5-aminosemicarbazone (Brown, Pickering, and Wilson), 

C*H 18 0 2 Se Xykne-4-seleninic acids (Po&ritt), 29. 

Hitro-4-methoxytoluidmes (Dadswell and Kenner), 584. 
Nitroso-W^metlioxyte (Brady and Bennett), 897. 

Phmiylethanesulphonic acids, and their salts (Evans, Mabbott, and 

GgH^OgBFx Methylmneonate dibromides (Farmer and Duffin), 402. 

: v 3272 
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8 III—8IV 


C 8 H 10 NG1 Chloro-m- 2 -xylidines (Dadswell and Kenner), 1106. 

CgHioNI 3-Iododimethylaniline (Hodgson and Wignall), 1145. 

CgH n 0 2 N Zrans-Hexahydrophthalimide (Sircar), 1254. 

JV'-o-Methoxybenzylliydroxylamine, hydrochloride of (Beady and Bennett), 896. 

Zra 7 is-cycZoPentarie-l-carboxy- 2 -acetimide (Sircar), 1255. 

cycZoPentane^rosnccinimide (Sircar), 1254. 

C 8 Hn0 2 I !-Iodo- 2 -hydrozyc 2 /cZohesylacetic acid 7 -lactone (Linstead and May). 

. 2572. 

CgHuOsNs w-Methoxy-5-methylfurfural senricarbazone (Haworth, Hirst, and 
Nicholson), 1523. 

CgHtiNsS S-Benzylthiosemicarbazide, and its hydrochloride (Baird, Burns, and 
Wilson), 2531. 

C 8 H 12 0 3 S Ethyl penthian-4-one-8-carboxylate (Bennett and Scorae), 198. 

Ethyl A 3 -penthien-4-ol-3-carboxylate (Bennett and Scorah), 197. 

CsHx 3 0 2 N otf-Diethylsnccinimide (Sircar), 1254. 

£ 8 -Methylethylglntarimide (Sircar), 604. 

C 8 H 13 0 3 N 3 Ay-Pentene-aae-tricarboxylamide (Farmer and Healey), 1065. 

C 8 H 1B 0 8 N Methylbetaines of 4-hydroxypiperidylacetic acid (Mills, Parkin, and 
Ward), 2623. 

C.Hx.0. N 2 Dimethoxysuccinomethylamides (Haworth and Jones), 2351. 

C s H„N»S Acetone S-butylthiosemicarbazone (Baird, Borns, and Wilson), 
2530. 

C 8 H 19 N 3 S S-Heptylthiosemicarbazide, and its hydrochloride (Baird, Burns, and 
Wilson), 2533. 

8 IV 

CgHgNg&iBr aa-Dichloro-8-bromo-0-2:4-dichIorobenzeneazoethylene (Chattaway 
and Bennett), 2853. 

C 3 H 4 N a Cl 2 Br 2 aa-Dichloro-i8-2:4-dibromohenzeneazoethylene (Chattaway and 
Bennett), 2853. 

C 8 H 4 N 2 C1 3 Bp 2 aa-Dichlorochlorobromobenzeneazoethylenes (Chattaway and 
Bennett), 2853. 

C 8 H 8 0 8 NC1* 3:4'-Dichloro-2-nitroaeetophenone (Roberts and Turner), 1855. 

C 3 H 6 NBp 2 S 3:5-Dibromo-o-tolyltbiocarbimide (Dyson, George, and Hunter), 
444. - 

C 8 H 5 N 3 Br 4 S l-Amino-5-cyanobenzthiazold tetrabromide (Dyson, Hunter, and 
Morris), 1189. 

0 3 H s N 3 Bp«S l-Amino-5-cyanobenzthiazole hexabromide (Dyson, Hunter, and 
Morris), 1189. 

C 8 H*0 2 N 2 C1 2 Glyoxylio acid dichlorophenylhydrazone (Chattaway and Ben¬ 
nett), 2852. 

C 8 H 8 0 2 N 2 Bp 2 Glyoxylic acid dibromophenylbydrazone (Chattaway and Ben¬ 
nett), 2852. 

C 8 He0 2 N 2 S 3-Mtro-o-tolylfchiocarbimide (Dyson, George, and Hunter), 444. 

C 8 H e 0 4 NI 3-Iodo-6-nitrophenyl acetates (Hodgson and Moore), 632. 

CgH 7 ONCl 2 3;4-Dichloro-2-aminoacetopbenone (Roberts and Turner), 1856, 

C 8 H 7 0NS Anisylthiocarbimides (Dyson, George, and Hunter), 440. 

C 8 H 7 0C1S Ohloromethylthiolbenzaldehydes (Hodgson and Beard), 2427. 

C 8 H 7 0 8 NS Nitrometbylthiolbenzaldebydes (Hodgson and Beard), 2425. 

C 8 H 8 0NC1 iV-Cbloroacetanilide, action of hydrochloric [acid with (Sober and 
Pryde), 2761. 

C 8 H 8 0N 2 S l-Amino-5-methoxybenzthiazole (Dyson, Hunter, and Morris), 
1191. 

3273 



8IV—8 V 


formula, index. 


C H 0 NCI 4 -Chloro- 2 -methoxybenzaldozime (Hodgson and Jenkinson), 1741. 

r Vo NI Iodoinethoxybenzaldoximes (Hodgson and Jenkinson), 30 3. 
CsHANsCl Chlorohydroxybenzaldehyde semicarbazones (Hodgson and Jenkin- 

CsHANaBl?' 1 Bromobydroxybenzaldebyde semicarbazones (Hodgson and Jenkin- 

CaHaoS j ° Iodobydroxybenzaldehyde semicarbazones (Hodgson and Jenkinson), 

C H o!nC1 3-Chloro-6-nitro-4-metboxytoluene (Dadswell and Kenner), 585. 
CsHsOs^S Nitromethylthiolbenzaldoximes (Hodgson and Beard), 2425. 

c!h!nIS6 Benzselenazole metbiodide (Clark), 2806. ^ ■ 

CgHgNjBi^S l-Amino-5-methylbenzthiazole tetrabromide (Dyson, Hunter, and 
Morris), 1191. * _ _ . - -, - 

f H OH I 3-Iodo- 4 -nitrosodimethylaniline (Hodgson and Wignall), 1145. 

C 8 H*0 NS 3 -Nirioso- 4 -methylthiolbenzyl alcohol (Hodgson and Beard), 2426. 
CyjgOaClS Phenyletbanesnlpbonyl chlorides (Evans, Mabbott, and Turner), 

C HoO^NS Nitrophenyl jS-hydroxyethyl sulphides (Bennett and Berry), 1667. 
c!h 8 0 4 NS Nitrobenzylmethylsulphones (0. E. and E. H. Ingold and Shaw), 
820. 

C H 0 No As Hydroxy-1: 4 -dihydroq_ninoxaline-6-arsinic acids (EwiNS, Newbery, 

* and Stickings), 853. __ _ , 0 ' 

C H OrNS Methyl nitrohenzylsnlphonates (0. K. and E, H. Ingold and Shaw), 

7 829. 

C 8 HioON*S S-Aminomethylthiolbenzaldoximes (Hodgson and Beard), 2427. 

8 AnisyltHocarhamides (Dyson, George, and Hunter), 440. 

C 8 Hi 9 0 4 N,S Nitrobenzylsulphonmethylamides (0. K, and E. H. Ingold and 

^ g S Q 4 H 2 Hg Ethyl 1 -acetoxymercuriglyoxalinecarboxylate (Balaban and King), 

8 1870. 

C Hi ft 0 8 N s AS 3-Nitrophenylarsinic acid 4-glycineamide (Ewins, Newbery, and 
8 Stiokings), 854. , 

C 8 H u 0 a N a Cl Nitro-jS-phenylethylammonium chlorides (Goss, Hanhart, ana 

C H n 0 4 N 2 As Nitrosoethylaminophenylaxsinic acid (Burton and Gibson), 2387. 
ChH O s NAs o-Ethylaminophenylarsinic acid (Burton and Gibson), 2387. 

(LH^OBrS Tetrahydrothiophen-S-hromobutylsulphonium bromide, and its picrate 

1 (Bennett and Hock), 483. _ __ ' 

C 8 H 15 O a NBr 2 4-Bromoacetoxy -1 -methylpiperidine (Mills, Parkin, and ward), 

■ 2625 * 

C fi ftOsNBu 4-Hydroxypiperidylacetic acid methobromides (Mills, Parkin, and 
8 Ward), 2623, . , ■ ■ , .. 

G 8 H 17 OBpS Tetrahydrothiophen*5-hydroxybutylsulpb onmm bromide, and its 
salts (Bennett and Hock), 482. 

8V . 


C 8 HeONC5BP 2 Chlorodibromoacetanilide (Smith), 1101. 

QjgmHGlS Chloromothyltbiolbenzaldoximes (Hodgson and Beard), 2427. 
CgHgONjBUtS l*Amino-5-methoxybenzthiazole dibromide (Dyson, Hunter, and . 
Morris), 1191. 

Cy^NGIS Nitrophenyl i3-chloroethyl snlphides (Bennett and Berry), 1672. 
CJLOtNBrS Nitrophenyl £-bromoethyl snlphides (Bennest and Berry), 1672. 
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8 V—9 III 


C 8 H 8 0 2 NIS Nitrophenyl / 8 -iodoethyl sulphides (Bennett and Beery), 1673. 
C 8 H 8 0 3 NC1S Nitrophenyl £-chloroefchyl sulphoxides (Bennett and Berry), 1672. 
C a H»0 3 NBrS Nitrophenyl £-bromoethyl sulphoxides (Bennett and Berry), 
1672. 


0 9 Group. 

C 9 H a 0 4 4:5-Hethylenedioxyphthalide (Stevens and Robertson), 2792 . 

C 9 H 6 0 6 Hydrastic acid, synthesis of (Stevens and Robertson), -2790. 

CjHgOa Cinnamic acid, condensation of, with pyrogallol and resorcinol (Ellison), 
. 1720. 

CgHgOs Acetophenone-o-carboxylic acid (Davies and Poole), 2662. 

C 9 H 8 0 4 5-Carboxy-2-hydroxyacetophenone (Chattaway and Prats), 692. 

C 9 H 8 0s 6 -Hydroxymethylpiperonylic acid, and its silver salt (Stevens and 
Robertson), 2792. 

C 9 H 10 Q 2 1 : 2 -Dihydroxyallylbenzenes (Perkin and Trikojus), 1665. 

C 9 H 10 0 3 w-Xylorcylaldehyde (Robertson and Robinson), 2202 . 

C 9 H 10 0 6 3:6-Dihydroxy-2:4-dimethoxybenzaldeliyde (Chapman, Perkin, and 
Robinson), 3029. 

CdHuBp £-Tolylethyl bromides, isomeric, preparation and hydrolysis of (Shoe- 
smith and Connor), 1768. 

C a H 12 0 2 £-Methoxyphenylethyl alcohols (Shoesmith and Connor), 2233. 
C 9 Hi 2 0 4 cycZoPentane^’roparaconie acid, and its silver salt (Sircar), 1258. 
C 9 H 1 SS 0 3 £-Hydroxy-£-ethylbutane- 785 -triearboxylic 7 -lactone (Sircar), 1258. 
C 9 Hi 8 N Trimethylbenzylamine, picrate of (Goss, Hanhart, and Ingold), 267. 
C 9 H w O a # 8 -Dipropylacrylic acid, and its silver salt (Kon and May), 1552. 
a-Ethyl-A 1 -cycZopentenylacetic acid, and its silver salt (Kon and Narayanan), 
1543. 

o-Ethy%cZopentylideneacetic acid (Kon and Narayanan), 1543. 
cycZoHeptylideneacetic acid (Kon and May), 1554. 

C 9 H 14 0 8 Methyl 2 : 2 -dimethyh^cZ 0 pentan- 3 -one-l-earboxyIate (Gibson, Hari- 
haran, and Simonsen), 3012. 

C 9 H u 0 4 apoFenchocamphoric acid, synthesis of (Short), 961. 

C 0 H 14 O 6 7 -Acetyl- 7 -methylbutane-oi 8 -dicarhoxylic acid (Bhagvat and Simon¬ 
sen), 87. 

o-Keto-i 3 j 877 -tetramethy]glutaric hydroxylactone (Rothstein and Shofpee), 
533. 

C 9 H w O a 7 -Mannonolactone-acetone (Goodyear and Haworth), 3143. 

C 9 H 14 N 2 Aminobenzyldimethylamines, and their hydrochlorides (Stedman), 
1905. 

C 9 H 16 O a £-Propylhexoic acid (Kon and May), 1554. 

C 9 Hie0 3 1 -Hydroxy-a-ethy IcycZopentaneace tic acid, and its silver salt (Kon and 
Narayanan), 1543. 

9 m 

C 8 H 3 N 3 S 2 :5-Dicyanophenylthioearbimide (Dyson, George, and Hunter), 443* 
G 9 H a 0 4 Gl 2 «w-Dichloro-5-carboxy-2-hydroxyacetophenone (Chattaway and 
Prats), 691. 

C 9 H 7 0 2 N Homophthalimide (Sircar), 1255. 

C 9 H 8 0*N 2 j3-0-Methyl-6-nitro-3:4-methylenedioxybenzaldoxime (Brady and 
Klein), 894. 

C fl H 8 0 7 N 2 Methyl 2:3-dinitro-4-methoxybenzoate (Dadswell and Kenner), 587. 
C 9 H 9 0 3 C1 Chlorotropic acids (Kerr), 1947. 

CjHyOflN 3-Nitro-2:4-dimethoxybenzoic acid (Dadswell and Kenner), 587. 
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C»H 9 N0 3 m-Methoxy-w-nitrostyrene (Shoesmith and Connor), 2232. 

C»H 9 NS Xylylthiocarbimides (Dyson, George, and Hunter), 440. 

C 9 H 30 OBp 3 0-Bromo-2-methoxyphenylethylbr omides (Shoesmith and Connor), 
2233. 

C 9 H 10 O 3 Se o-TolylselenoglycoIlic acid (Porritt), 28. 

€ 9 H 10 O 4 N 3 Methyl p-nitrobenzylaminoformate (Baker), 568. 

C 9 H 10 0*N 3 Dinitrohomoveratroles (Oxford), 1968. 

C 9 H 10 N 2 S p -Dimethylaminophenyithiocaxbimide (Dyson, George, and Hunter), 
442. 

C 9 HuON 3 2:3-Dicyano-l-methyl-l-ethylcyc?opropane-2-carhoxyIamide (Sircar), 
1258. 

C fl H n OBr 0-p-Methoxyphenylethyl bromide (Shoesmith and Connor), 2234. 
CJEEnOI Benzyl 0-iodoethyl ether (Bennett and Hook), 476. 

m-Methoxyphenylacetaldoxime (Shoesmith and Connor), 2232. 
C 9 H 13 p 3 N «-Amino-0-hydroxy-a-phenylpropionic acid, and its hydrochloride 
(Kerr), 1946. 

G 9 H 13 p4N 5-Nitro-2:4-dimethoxy toluene (Dadswell and Kenner), 585. 

C 9 HnGIS Phenyl 7-chloropropyl sulphide (Bennett and Berry), 1680. 

C 9 H ls ON 4 Acetophenone-5-aminosemicarbazone (Brown, Pickering, and Wil¬ 
son), 109. 

CgHijOjNj Nitrobenzyldimethylamines, and their hydrochlorides (Stedman), 
1904. 

a-^-Nitrophenylwopropylamine, picrate of (Baker and Ingold), 264. 

C 8 Hij0 3 Br a Methyl 4:4-dibromo-2:2-diinethykycfopentan-3-one-l-earboxylate 
(Gibson, Hariharan, and Simonsen), 3012. 

CgH la O B S a-Phenylpropanesul phonic acid, and its resolution and salts (Evans, 
Mabbott, and Turner), 1165. 

C#H 12 H 2 S Xylylthiocarbamides (Dyson, George, and Hunter), 440. 

CgHjgON Hydroxybenzyldxmethylamin.es, and their salts (Stedman), 1901 
C 9 H 13 0 s N tfroms-Hexahydrohomophthalimide (Sircar), 1255. 
c^cZoHexanespzrosuccinimide (Sircar), 1254. 
cycZoPentanediacetimide (Sircar), 604. 

C 9 H 13 N 3 S p-Dimethylaminophenylthiocarbamide (Dyson, George, and Hunter), 
442. 

8-a-Phenylethylthiosemicarbazide, and its hydrochloride (Baird, Burns, and 
Wilson), 2532. 

C s H 15 ON <z-Efchyl-A 1 -(5yckpentenylacetainide (Kon and Narayanan), 1543. 
a-Ethyloy^pentylideneacetamide (Kon and Narayanan), 1543. 

0-Propyl-A/3-hexeno-amide (Kon and May), 1553. 
c,h i6 o,n 00*Diethy]glutarimide (Sircar), 604. 

C 9 Hi80N 4 Di(methylethyl ketone) carbohydrazone (Brown, Pickering, and 
wmsoN), 109. 

9 IV 

CaHyONS p-Acetylphenylthiocarbimide {Dyson, George, and Hunter), 442. 
C 9 H S 0 3 N 2 C1 2 Methyl glyoxylate 2;4-dichlorophenyhydrazone (Chattaway and 
Bennett), 2851, 

CJdaOjNjBPj Methyl glyoxylate 2:4-dibromophenylhydrazone (Chattaway and 
Bennett), 2851. 

&h 8 <W5 2 -Nitre-4-ethoxyphenylthiocarbimide (Dyson, George, and Hunter), 
-' 444. 

C^HgONS Ethoxyphenylthiocarbimides (Dyson, George, and Hunter), 441. 

4-Ketotetrahydro-l:5-heptabenzthiazine (Mills and Whitworth), 2750. 
GsHaOtNS Dimethoxyphenylthiocarbimides (Dyson, George, and Hunter), 441* 
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9IV—101 


C 9 H 9 O 4 NS 0 -NitrophenyltMolpropiomc acid (Mills and Whitworth), 2750. 

C 9 H 9 N 2 C1S 5-Chloro-l-dimethylaminobenzthiazole (Hunter and Styles), 1213. 

C 9 H 10 ONC1 2 -Chloroaeeto-^)-tolmdide, dimorphism of (Schofield), 2903. 

C 9 H 10 ON 2 S p-Acetylphenylthiocarbamide (Dyson, George, and Hunter), 442. 

l-Amino-5-etkoxybenzthiazole (Dyson, Hunter, and Morris), 1101. 

C s H 10 O a NBr 6-Bromo-j3-piperonylethylamine, and its salts (Stevens), 184. 

G 9 H 10 O 2 N 8 Cl Chloromethoxybenzaldehyde semicarbazones (Hodgson and Jeneiin- 
son), 1741, 3042. 

C 9 H 10 O 2 N 3 Bp Bromom ethoxy benzaldehyde semicarbazones (Hodgson and 

Jenkinson), 3042. 

C 9 H 10 O 2 N 3 I Iodomethoxybenzaldehyde semicarbazones (Hodgson and Jenkin¬ 
son), 3043. 

C 9 H 10 O 3 NBP a-6-Bromo-3:4-dimethoxybenzaldoxime, snlphate of (Brady and 
Whitehead), 2936. 

C 9 H i 0 0 4 NBF 6-Bromo-2-nitrohomoveratrole (Oxford), 1970. 

C 9 H 10 N 2 Bp 2 S l-Dimethylaminobenzthiazole dibromide (Hunter and Styles), 
1211 . 

C 9 H 10 N 2 Bp«S l-Dimethylaminobenzthiazole hexabromide (Hunter and Styles), 

1212. 

C 9 H n 0 2 NS o-Ammophenylthiolpropionic acid (Mills and Whitworth), 2750. 

C fl H u 0 2 ClS a-Fhenylpropanesnlphonyl chloride (Evans, Mabbott, and Turner), 
1166. 

C 9 H u 0 3 NS jp-Hitrobenzyl j 8 -hydroxyethyl sulphide (Bennett and Berry), 1671. 

^-Itfitrophenyl 7 -hydroxypropyl sulphide (Bennett and Berry), 1671. 

C 9 H u 0 3 N 3 S 2*Hitro«4-ethoxyphenylthiocarbamide (Dyson, George, and Hunter), 
444. 

C 8 H 1 x N 2 C1S s-^-Chlorophenyldimethylthiocarbaniide (Hunter and Styles), 1213. 

C 9 H u N 2 Bl* 5 S l-Dimethylaminobenzthiazole tetrabromide hydrobromide (Hunter 
and Styles), 1211. 

C 0 H 12 ON 2 S Ethoxyphenylthiocarbamides (Dyson, George, and Hunter), 441. 

C,H ia O a N*S Dimethoxyphenylthiocarbamides (Dyson, George, and Hunter), 
441. 

C 9 H 12 0 4 N 2 S Nitrobenzylsulphondimethylamides (C. K. and E. H. Ingold, and 
Shaw), 826. 

Nitrohenzylsulphonethylamides (CL K. and E. H. Ingold, and Shaw), 825. 

C 9 H 13 0 2 NS Benzylsulphonethylamide (0. K, and E. H. Ingold, and Shaw), 818, 

C 9 H 13 0 2 M 2 C1 y-y-Nitrophenylpropylammonmm chloride (Ingold and Wilson), 
813. 

C 9 H u 0 a N 2 S Ethyl 2 -ethylthiolmethylglyoxalinecarbbxylate, and its salts (Balaban 
and King), 1866. 

9 V 

C 9 H 7 ON 2 ClS 5-Chloro-l-acetylaminobenzthiazole (Dyson, Hunter, and Morris), 
1190. 

C 9 H 10 0 2 NCIS y-Nitrophenyl 7 -chloropropyl sulphide ( Bennett and Berry), 167-2. 

C 8 H 10 N s C1Bf 3 S 5-Chloro-l-dimethylaminobenzthiazole dibromide hydrobromide 
(Hunter and Styles), 1213. 

CJSitONaBPsS 1-Amino- 5 -ethoxybenzthiazole tetrabromide hydrobromide (Dyson, 
Hunter, and Morris), 1191. 

9 VI 

C 9 H 7 ON 2 C1Bf 4 S 5-Chloro-l-acetamidobenzthiazole tetrabromide (Dyson, Hunter, 
and Morris), 1191. 

O10 Group. 

C 10 H m Hnene, recovery of, from its nifcroso-ehloride (Eael and Kennee), 1269. - 
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10 II 

CjoHgOa 4 -Hydroxy- 3 *methylcoumarin (Heilbron and Hill), 1706, 
4 -Methoxycomnarin (Heilbeon and Hill), 1707. 

CioHgO* 6 -Hy<froxymethylhomopiperonylo]actone (Stevens), 181. 

C 10 H 10 O a Methyl atropate (Baker -and Eccles), 2129. 

Safrole, synthesis of (Perkin and Trikojtis), 1663. 

C 10 H 10 O 4 m-Methoxyphenylpyruvic acid (Chakeavarti, Haworth, and Perkin), 
2270. 

Ci oHio N 2 2 : 3 -Dimethyl-l: 2 : 3 ; 4 -tetrahydroqninoxalines, stereoisomerio, and their 
tartrates (Gibson), 342. 

CioHjaOa Ethyl phenylacetate, nitration of (Baker and Ingold), 834, 

CioHaOs 2 : 4 -Dimethoxymethylbenzaldebydes (Robertson and Robinson), 2200, 
C 10 H lg O 5 Antiarolaldehyde (Chapman, Perkin, and Robinson), 3029. 
ft-Propyl gallate (Clarke, Robinson, and Smith), 2649. 

Snhstance, from acetylation of antiarol (Chapman, Perkin, and Robinson), 3033. 

' 'Substance, from oxidation of 4 : 4 : 5 -trimethyl-A s -C 2 /cZopentene“l: 3 -dicarboxylic 
acid (Bhagvat and Simonsen), 86 . 

C 10 H 13 Bp a-Phenylbutyl bromide (Evans, M Abbott, and Turner), 1166. 
C w H 14 O a Benzyl 7 -hydroxypropyl ether (Bennett and Hock), 474. 

C 10 H 14 O 3 Camphorqninone, action of sulphuric acid on (Bhagvat and Simonsen), 
77. 

(} H 14 O 4 of-Diacetoxy-A^-hexadiene (Farmer, Laroia, Switz, and Thorpe), 

' 2960. 

4 -Hydroxy- 2 : 2 : 3 -trimethyl-A s -cycZohexen- 5 -one-l-carhoxylic acid (Bhagvat and 
Simonsen), 83. 

4:4:5-Trimethyl-A 5 -cyc?opentene-l:3-dicaxboxylic acids (Bhagvat and Simonsen), 
84. 

C^HidOg jSy-Dimethylbntane-aoSJ-tetracarboxylic acids (Togel), 1990, 

C 10 H ie O Pulegones (Hugh, Kon, and Linstead), 2585. 

Ci 0 H w O a Tetramethyladipic anhydrides (Farmer and Kracovski), 683, 

C w H w 04 4i4:5-Trimethylcycfopentane-l:3-dicarhoxylic acid (Bhagvat and 
Simonsen), 85, 

CioHigOg l-Hydroxy-4:4:5-trimetbylcyc?<?pentane-l:3*dicarboxylic acid (Bhagvat 
and Simonsen), 84. 

CioHigOg 1 - Hydroxy- a-ethylfn/ctohexaneacetic acid, and its silver salt (Kon and 
Narayanan), 1589. 

CjeHjgOg Tetramethyl glnconolactones (Drew, Goodyear, and Haworth), 1241; 
oxidation of (Haworth, Hirst, and Miller), 2436. 

Tetramethyl mannonolactone (Drew, Goodyear, and Haworth), 1243. 

CuH u Q 7 Substance, from oxidation of tetramethyl ^-fructose (Haworth, Hirst, 
and Nicholson), 1520. 

CigHjgO* ^-Hydroxy-jS-methyl-a-ethylpentanoic acid, and its silver salt (Kon and 
Narayanan), 1544. 

CmH-, 0. Tetramethylglncose, mntarotation of, in aqueous alcohols (Richards, 
Faulkner, and Lowry), 1738. 

Tetramethylglueoses, structure of (Haworth, Hirst, and Miller), 2486. 
2:3:4:6-Tetramethylmannose (Drew, Goodyear, and Haworth), 1243. 

GjgHgiN c 2 * 7 W(nsoMeiitbylamme, and its salts (Read and Robertson), 2172. 
CjeHfeQg af-Diethoxyhexane (Farmer, Laroia, Switz, and Thorpe), 2951.. 
tJHtiN* a-Tetramethyldiethylethylenediamine, dipicrate of (Hanhart and 
Ingold), 1011. ; 

v- tom 

CjgHgOjClj l: 8 ~Naphthalyl chloride, preparation and reactions of (Davies and 
toPER), il24. 
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10 III 


Ci 0 Hs0 3 S 1:8-Thionyldihydroxy naphthalene (Green), 2344. 

C 10 H 7 O 2 N Cyanocinnamic acids (Davies and Poole), 2661. 

Ci 0 H 7 O 2 Bp 5 Pentabromosafrole (Perkin and Trikojus), 1666. 

C 10 H 7 O 4 N s 1-Phenyl-4-oximino-5-ketopyrazoline-3-carboxylic acid (Chattaway 
and Humphrey), 2137. 

C 1Q H 8 0 8 S Methyl benzylsnlphonate (0. K. and E. H. Ingold and Shaw), 819. 
C 10 H 8 0 7 N a Ethyl 2:4-dmitrobenzoylformate (Fairbourne and Fawson), 49. 
C 10 H 9 O 4 N Nitrosodihydro-a-naphthols (Rowe and Levin), 531. 

C 10 H fi O 3 N 3 l-Phenyl-4-amino-5-ketopyrazoline-3-carboxylic acid, and its hydro¬ 
chloride (Chattaway and Humphrey), 2135. 

C w H.O 4 N Methyl jp-nitroatropate (Bak.ee and Eooles), 2131. 
Nitrobenzovlacetones (Burgess), 2018. 

6-Nitroisosafrole (Robinson and Zaki), 2489. 

C 10 H*0 4 Bf 6-Bromomethylhomopiperonylic acid (Stevens), 186. 

C 10 H fi O«N m-Nitrobenzylmalonic acid (Baker and Eccles), 2127. 

Ci 0 H 10 0 10 Hg Mercnretin (Marsh and Struthers), 2658. 

C 10 H u ON 3 c^cZoPentanespzro-2:3-dicyanoc?/Gi!bpropane-2-carboxylamide (Sircar), 
1268. 

C 10 H u O 2 N 6-Aminoisosafrole, and its hydrochloride (Robinson and Zaki), 
2490. 

5:6-Dimethoxyindole (Oxford and Raper), 420. 
2;6-Dimethoxy-4-methylbenzonitrile (Robertson and Robinson), 2201. 
CioHu0 8 N Acetopiperonylmethylamide (Malan and Robinson), 2655. 

4-Nitro-ar-tetrahydro-a-naphthol {Rowe and Levin), 531. 

CioHnOaCl Acetylchlorocreosol (Oxford), 1966. 

Ci 0 H u O 4 N 6-Hydroxymethylhomopiperonylamido (Stevens), 182. 

C 10 H u 0 4 N s w-Nitrobenzylmalonamide (Baker and Eccles), 2127. 

Ci 0 H u 0 6 N Methyl 3-nitro-2:4-dimethoxybenzoate (Dadswell and Kenner), 
587. 

2-Nitro-4:5-dimethoxyphenylacetic acid (Oxford and Raper), 419. 

CioHiaO.Se Xylyl-4-selenoglycollic acids (Porritt), 28. 

C 10 H ia 0 4 N a Acetylnitro-4-methoxytoluidines (Dadswell and Kenner), 584. 

Methyl benzylmethylaminoformate (Baker), 570. 

C 10 H ls N s S 1-Dimethylaminomethylbenzthiazoles (Hunter and Styles), 1212. 
CxoHuON Acetoxylidides, and their salts (Dadswell and Kenner), 1104. 
Ci 0 H w OCl Benzyl 7-chloropropyl ether (Bennett and Hock), 474. 

CioH i3 O a N Methyl benzylmethylaminoformate (Baker), 567. 

C 10 H 18 O*N 3:5-Dimethoxyacetanilide (Oakeshott and Plant), 489. 

~ 2:6-Dimethoxy-4-methylbenzamide (Robertson and Robinson), 2200. 

C 10 H 13 O 6 N Oxime from substance C 10 H lt 0 5 (Bhagvat and Simonsen), 86. 
CiqHisNjS Benzaldehyde 5-ethylthiosemiearbazone, and its hydrochloride (Baird, 
Burns, and Wilson), 2529. 

C ie H 14 0 2 N* Dimethylmtro-£-pheny!ethylammes, salts of (Goss, Hanhart, and 
Ingold), 255. 

Nitrobenzyltrimethylamines, picrates of (Goss, Hanhart, and Ingold), 260. 
Ci 0 Hi 4 0 3 S a-Phenylbutanesulphonic acid, sodium salt (Evans, Mabbott, and 
Turner), 1166. , „ 

Ci 0 Hi 4 N 2 S s-Tolyldim ethyl thiocarbamides (Hunter and Styles), 1212. 

C 10 H 15 ON Methoxybenzyldimethylamines, and their hydrochlorides (Stedman), 
1904. 

C w H 15 0 2 N £-2:3-Dimethoxyphenylethylamine, aud its salts (Haworth), 2283. 
i^oHexanediacetimide (Siroar), 604. 
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C 10 H 15 0 5 C1 Mhydroxymethoxyflavylium chlorides (Robertson and Robinson), 
1715. 

C 10 H 16 0 4 N 6 2 : 2 -DimethylcyeZopentane- 3 :4-dione-1 -carboxylic acid disemicarbazone 
(Gibson, Hariharan, and Simonsen), 3014. 

Cio H 17 ON «-Ethyl-A 1 -c 3 /cZobexenylacetamide (Kon and Narayanan), 1540. 

C 10 H 18 O 4 S Ethyl thiodipropionate (Bennett and Scorah), 196. 

Ci 0 H ia ON 8 $-Methyl- 7 -ethyl-A$-hexen-j 8 -one semicarbazone (Kon and Nara¬ 
yanan), 1545. 

C 10 H 19 OsN Substance, from oxidation of tetramethyl y-fruetose (Haworth, Hirst, 
and Nicholson), 1521. 

CioH^OsN* Z-Arabofcrimethoxyglntaromethylamide (Haworth and Jones), 2353. 

i-lMmethoxyglntaromethylamide (Haworth and Jones), 2352. 

C 10 H„N 2 I 2 s-Tetramethyldiethylethylenediammonium di-iodide (Hanhart and 
Ingold), 1011. 

10 IV 

C 10 H 4 O 6 N 2 Cle Anbydro- 3:5-dinitro-2££3-tricMoro-a-hydroxyethoxy-l-j3j8£~tri- 

chloro-a-hydroxyethylbenzene (Ch att aw ay and Morris), 2015. 

C 10 H 5 0 4 C1 7 S Anhydro-2-j8j83-trichloro-a-hydroxyethoxy-l-j8£j8~trichloro-a-hydroxy- 
ethylbenzene-5-snlphonyl chloride (Chattaway and Morris), 2016. 

C 10 H a ONCl o-CyanoaZJocinnamyl chloride (Davies and Poole), 2663. 

C 10 H*O 6 CI 8 S Anhydro-2-j8i8i8-trichloro-a-hydroxyethoxy-l-3j8j8-trichloro-a-hydr- 
oxyethylbenzene-5-snlphonic acid, and its ammonium salt (Chattaway and 
Morris), 2014. 

CioHgOaNCl 6-Chloromethylhomopiperonylonitrile (Stevens), 182. 

C io H 8 0«N 2 C1, «<w-Dich.loro-3:5-dinitro-2-ethoxyacetophenone (Chattaway and 
Morris), 2016. 

C 10 H 8 O 2 NS Carbethoxyphenylthiocarbimides (Dyson, George, and Hunter), 441. 

CxoHgOgNS 3-Keto-2:3-dihydro-l:4-benzthiazine-2-acetic acid (Mills and Whit¬ 
worth), 2751. 

C 10 H 10 O s N 2 C1 2 Ethyl glyoxylate 2:4-dichlorophenylhydrazone (Chattaway and 
Bennett), 2851. 

C io Hio0 2 N 2 Bp s Ethyl glyoxylate 2: 4-dibTomophenylhydrazone (Chattaway and 
Bennett), 2852. 

Ci 0 Hi 0 0 £ N 2 S l-Amino-5-carbethoxybenzthiazole (Dyson, Hunter, and Morris), 
1190. 

Ci«H 10 O s NCl Ethyl j3-4-hydroxypiperidylacetate methochloride (Mills, Parkin, 
and Ware), 2624. 

Ci 0 H n ONS 4-Keto-2-methyltetrahydro-li5-heptabenzthiazine (Mills and Whit¬ 
worth), 2749. 

C 10 H ls ON d Chloroaceto-m-2-xylidides (Dadswell and Kenner), 1106. 

Ci 0 H lt ONI 1 -Methylbenzoxazole ethiodide (Hamer), 2803. 

C 19 H»ON 2 S X-Dimethylamino-5-methoxybenzthiazole (Hunter and Styles), 

. . 1212 . ^ 

CteHuOaNBp Methylbromopiperonylethylamine, and its salts (Stevens), 185. 

C w H 12 0 2 N 2 S CarhethoxyphenylthiocaTbamides (Dyson, George, and Hunter), 
441. 

CiJ5i 2 N 2 Bp 4 S l-Dunethylamino-3-methylbenzthiazole tetrabromide (Hunter and 
Styles), 1212 . 

LDimetbylamlDo-S-methylbenzthiazole hexabromide (Hunter and 

■ ^soHijNjBPgS l-Dimethylamino-5-methylbenzthiazole tetrabromide hydrobromide 
(Hunter and Styles), 1212 . 

CiaHuONsS ^jp-Methoxyphenyldimethylthiocarbamide (Hunter and Styles), 

1212 . 

. -3280 ; 
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10 IV—11 III 


C i 0 Hi 5 O 2 N 2 I ^-Nitrobenzyltrimethylammonium iodide (Stebman), 1905. 

CioH 15 0 6 N 2 As 3-Nitro-6-diethylaminophenylarsinic acid (Burton and Gibson), 
2388. 

C 10 H 20 0 3 NBp Ethyl 4-hydroxy-l -piperidylacetate methobromides (Mills, Parkin, 
and Ward), 2622. 

10 V 

CioH 5 0 4 NCI 8 S Anhydro- 2 -j 8 j 8 £-trichloro*a-hydroxYetboxy-l- 6 j 8 j 8 -trichloro-a-hydr- 
oxyethylbenzene-5-sulphondichloroamide (Chattaway and Morris), 2017. 

CioH 7 0 4 NCI 6 S Anhydro- 2 « 8 / 88 -trichloro-cc-hydroxy 6 thoxy- l- 8 £j 8 -trichloro* a-hydr~ 
oxyethylbenzene-5-sulphonamide (Chattaway and Morris), 2017. 

CioHioOgNgClBr Ethyl glyoxylate chlorobromophenylhydrazones (Chattaway 
and Bennett), 2852. 

CioH 10 0 2 N a Br 2 S l-Amino-5-carbethoxybenzthiazole dibromide (Dyson, Hunter, 
and Morris), 1190. 

CioH 12 ON 2 C1 5 Mo Dipyridinium molybdenyl pentachloride (James and Warblaw), 

. 2148. 

CioH 12 ON 2 Br 4 S 1 -Dimethylamin o- 5 -methoxy benzthiazole tetrabromide (Hunter 
and Styles), 1212. 

CioH 13 0 2 N 2 CI 7 As 3-Nitro-6-dietby]aminophenylarsenious chloride (Burton and 
Gibson), 2388. 

C u Group. 

C u H 8 Br 2 5-Bromo-a-naphthylraethyl bromide (Shoesmith and Rubli), 3104. 

CuH 10 0 3 4-Methoxy-3-methylcoumarin (Heilbron and Hill), 1707. 

C u Hio0 6 3:4-Dimethoxyhomophthalic anhydride (Haworth, Koepfli, and 
Perkin), 551. 

C u H 10 Oe O-Diacetylphloroglucinaldehyde (Robertson and Robinson), 1712. 

CuH 12 0 5 6 -Methoxymethylhomopiperony lie acid, and its silver salt (Stevens), 
185. 

5-Methylcarbonato-oreylaldehyde 3 -methyl ether (Hirst), 2495. 

C„H 1 £ N, 8-Amino-2:4-dimethylquinoline (Roberts and Turner), 1856. 

ChH 14 0 3 Ethyl m-tolyloxyacefcate (Smith), 176. 

Propylvanillins (Dickinson, Heilbron, and Irving), 1895. 

C u H 14 0 5 O-Acetylantiarol (Chapman, Perkin, and Robinson), 3029. 

C n H 14 0* «-5: 6 -Trimethoxyresacetophenone (Chapman, Perkin, and Robinson) 
3033. 

CiiH 16 0 2 Benzyl 5-hydroxvbntyl ether (Bennett and Hook), 475. 

4-w-Butoxyanisole (Clarke, Robinson, and Smith), 2651. 

C u Hi 8 0 4 Methyl 4-hydroxy-2:2:3-trimethyl-A s -cyclohexen-5-one-l-carboxylato 

(Bhagvat and Simonsen), 82. 

C n H 18 0 6 Acetyl-a-keto- 8877 -tetramethylglutaric hydroxylactone (Rothstein and 
Shoppee), 534. 

C u H 18 O a jSjS-Di&obutylacrylic acid (Eon and May), 1554. 

CnHisO* a-Ethylcyefopentane-1:1 -diacetic acid, and its silver salt (Eon and 
Narayanan), 1544. 

C u H 18 0 6 Dimethyl y-mannonolactone-acetone (Goobyear and Haworth), 3142, 

C 1 A 0 D 3 Ethyl- 1 -hydroxy-a-etbylcycfcpentaneacetate (Eon and Narayanan), 
1543. 

C n H 20 0 7 Substance, from oxidation of tetramethylfructose (Haworth, Hirst, 
and Learner), 1047; (Avery, Haworth, and Hirst), 2313. 

11 HI 

C n H 5 0 3 Cl 7 Acid chloride of anhydro-5-carhoxy-2-H/3j3-trichloro-a-hydroxyethoxy- 
l-£££-trichloro-a-hydroxyethylbenzene (Chattaway and Prats), 689. 

3281 
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FORMULA INDEX. 


CnHACle Anliydro- 5 -carbo 3 :y- 2 -^y 3 -tricliloro-a-liydroxyetlioxy-l-^ 3 jS-trichloro- 
a-hydroxyethylbenzene (Chattaway and Peats), 687. 

C u H 7 NC1 4 Tetrachloro-2:4-dimethylqulnol?nes (Roberts and Turner), 1848. 

CxiH s 0 4 N 8 Anhydrodiketosuccinic acid tolylhydrazones (Chattaway and 
Humphrey), 2794. 

CiiH 8 0 8 N 4 Ethyl 2:4:6-trinitrophenylcyanoacetate (Fairbourne and Fawson) 
48. 

OuHsNClg Trichloro-2:4-dimethylquinolines (Roberts and Turner), 1862. 

CuHflOBp 5-Bromo-a-naphthylearbinol (Shoesmith and Rubli), 3104. 

4-Bromo-a-naphthyl methyl ether (Shoesmith and Rubli), 3102. 

C n H 9 0 5 Br 6-Bromo-3:4-dimetlioxyhomophthalic anhydride (Haworth, Kokpfli, 
and Perkin), 561. 

CnHsOeNs Ethyl 2:4-dinitropkenyleyanoacetate, and its sodium salt (Fairbouene 
and Fawson), 47. 

CnH 8 NCl 2 Dichloro-2:4-dimethylqninolmes (Roberts and Turner), 1846. 

C n H 10 ON 2 3-Keto-3:4:5 :6 -te trahydro- 4-carboline (Manske and Robinson), 242. 

C n H 10 0 2 N a 8-Nitro-2:4-dimethylquinoline (Roberts and Turner), 1856. 

O n H 10 0 6 N a Diketosuccinic acid tolylhydrazones (Chattaway and Humphrey), 
2794. 

C n H 10 NCl Chloro- 2 : 4 -dimethylquinolines (Roberts and Turner), 1845. 

C lx H 10 NBr 4-Bromo-2-methyl-a-naphthylamine (Shoesmith and Rubli), 3103. 

C u HioNoCl a Dichloroamino-2:4-dimethylquinolines (Roberts and Turner), 
1850. 

CiiH n O s Br 4.Bromo-6:7-dimethoxy-l-hydrindone (Haworth, Koepfli, and 
Perkin), 650. 

C u H u 0 4 N 5 : 6 -Dimethoxyindole- 2 -carboxylic acid (Oxford and Roper), 420. 

CuHnO^Cls 6 -Carboxy- 2 -ethoxy-l -j8j3j3-trichloro-a-hydroxyethylbenzene (Chatt¬ 
away and Prats), 689. 

CnH u 0 4 BF Methyl 6 -bromomethylhomopiperonylate (Stevens), 186. 

C u H u 0 6 Br 6-Bromo-3:4-dimethoxyhomophthalic acid (Haworth, Kobpfli, and 
Perkin), 651. 

CxiHuNaCl Chloroamino-2:4-dimethylquinolines (Roberts and Turner), 1848. 

7 -Benzyloxybntyronitrile (Bennett and Hock), 474. 

ChHjjONs 0-3-Indolylpropionhydrazide (Manske and Robinson), 241. 

C 31 H 1 s 0 4 Bp jS-O-Bromoveratrylpropionic acid (Haworth, Koepfli, and Perkin), 
550. 


C n H«N s S Benzaldehyde tf-allylthiosenucarbazone, and its hydrochloride (Baird, 
Burns, and Wilson), 2530. 


CnHjsON# maso-l-Carbamyl-2:3-dimethyl-l:2:3:4-tetrahydroqumoxaline (Gib¬ 
son), 345. 

CuHi 6 0C1 Benzyl chlorobntyl ether (Bennett and Hook), 476. 

CuHjaOjN #-2:3-Dimethoxyphenylpropionamide (Haworth), 2282. 

C u H 15 0 4 N Nitro-4-^butoxyanisole (Clarke, Robinson, and Smith), 2649. 
CuH i 5 O a N 8 Antiarolaldehyde semicarbazone (Chapman, Perkin, and Robinson), 
3030. 


Semicarbazone from substance (Bhagvat and Simonsen), 86 . 

C u H 15 N s S Acetone 5-benzyIthiosemicarbazone (Baird, Burns, and Wilson), 
2530. 


; ^ Beczaldebyde ^f-propylthiosemicarbazone, and its hydrochloride (Baird, Burns, 
and Wilson), 2529. 

CjjHhON* Methyl ethyl ketone 3-anilinosemicarhazone (Baird and Wilson), 

s*** 8 (Goss, Hanhart, and 



FORMULA INDEX. 


li III—11IV 


C n H 16 0 3 BF Methyl 5:5-dibromo-2:2:3 * trim ethylct/cfcbexan-4-one-l -carboxylate 

( Bhagvat and Simonses), 82. 

C u H 17 ON Methylephedrines, and their salts (Smith), 2057. 

CxjHnOiN Methyl 5-oximino-2:2:3-trimethylc2/cfohexan-4-one-l-carboxylate 
(Bhagvat and Simonsen), 87. 

CiiH 1 ? 0 4 N 2 Methyl 4-hyclraxy-2;2:3-triraethyl-A 3 -tt/cZohexen-f-one-l-carboxy]ate 
dioxime (Bhagvat and Simonsen), 82. 

CuHaiONg 3-^-Bornylsemiearbazides, and theii' hydrochlorides (Goodson), 1008. 

C u H 22 0 2 N 2 w-Nonanediearboxyamide (Barnicoat), 2928. 

C n H 23 N 3 S Acetone S-heptylthiosemicarbazone (Baird, Burns, and Wilson), 
2533. 

11IV 

CuHsO.NCl, Anhydro-5-eyano-2-j8£j8-trichloro-a-hydroxyethoxy-l-j8j3j8-trichloro 
a-hydroxyethylbenzene (Chattaway and Prats), 688. 

GnHjOaNCls Amide of anhydro-5-carboxy-2-$8£-trichloro-a-hydroxyethoxy-l- 
Ms-trichloro-a-bydroxyethylbenzeno (Chattaway and Prats), 689, 

C u H 7 0 8 NS a OiV-Carbonyl-l:8-aminonaphthol-3^-disulphonic acid, salts (Bala- 
ban and King), 3091. 

C u H 8 0 2 N 2 C1 2 Dichloronitro-2:4-dimethylquinoline (Roberts and Turner), 
1847. 

C n H 8 0 6 Cl 6 S Methyl anhydro-2-j8j8/3-trichloro-a-hydroxyethyl-l-j8j8j8-trichloro-a- 
hydroxyethylbenzene-5-sulphonate (Chattaway and Morris), 2017. 

C n H 8 0 6 N 8 Cl Ethyl 2:4-dinitrochlorophenylcyanoaeetate (Fairbourne and Faw¬ 
son), 50. 

CnHsOgNsBr Ethyl 2:4-dinitrobromophenylcyanoacetate (Fairbourne and 
Fawson), 49. “ 

C u H 8 0 7 N 8 Bf Bthyl-2:4-dinitrobromophenylhydroxycyanoacetate (Fairbourne 
and Fawson), 50. 

C u H 8 O a N a Gl Chloronitro-2:4-dimethylqninolines (Roberts and Turner), 1848. 

CnH 10 O a NCl 7 -Ohloro-a-cyanopropyl benzoate (Crawford and Kenyon), 400. 

CnHioOiNBr 6-Bromo-2-earboxy-3;4-diniethoxyphenylacetomtriIe (Haworth, 
Koepfli, and Perkin), 551. 

4-Bromo-2-wonitroso-6:7'dimethoxy-1 -hydrindone (Haworth, Koepfli, and 
Perkin), 550. 

CnHitONClg £-Dichloroanilinopropenyl methyl ketones (Roberts and Turner), 
1843. 

CuH u O a NS Acetyl-4-ketotetrahydro-l:5-heptabenzthiazine (Mills and Whit¬ 
worth), 2750. 

CnHxxOaNS 4-Ketotetrahydro-l:5-heptabenzthiazine-2-acetic acids, and their salts 
(Mills and Whitworth), 2743. 

CnHnOiNaBpg l:3-Dibromo-2;4-dinitro*5-piperidinobenzene (Le F^vre and 
Turner), 1119, 

CnH la ONCl £-Chloroanilinopropenyl methyl ketones (Roberts and Turner), 
1842. 

CiiHi a 0 2 N a Cl 2 4:5-Dichloro-l*nitro-2-piperidinobenzene (Le FkvRE and Turner), 
1117. 

«-Propyl glyoxylate 2:4-dichlorophenylhydrazone (Chattaway and Bennett), 
2851. 

C n H ia 0 2 N 2 Br a w-Propyl glyoxylate 2:4-dibromophenylhydrazone (Chattaway 
and Bennett), 2852, 

CuH 18 0 8 NBp 4-Bromo-6i7-dimethoxy-l-hydrindone oxime (Haworth, Koepfli, 
and Perkin), 550. 

CnHujOiNiS Penthian-4-one 2:4-dinitrophenylhydrazone (Bennett and Scorah), 
199. 
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il IV—42II 


FORMULA INDEX. 


CuH 12 NBpS 1-Methylbenzthiazole allobromide (Hamer), 2802. 

C u H 13 0 2 NS o-Diacetylaminothioanisole (Mills and Whitworth), 2752. 
C u H 13 0 2 N 2 C1 2-Chloro-4-nitropiperidinobenzene (Le FjfcvRE and Turner), 1117. 
CuH^O^BP 4-Bromo-2-nitropiperidinobenzene (Le F&vre and Turner), 1117. 
CuHuONfcS l-Dimethylamino-5-ethoxybenzthiazole (Hunter and Styles), 
1212. 

C u H 15 0 2 N 3 S tf-o-Carbethoxybenzylthiosemicarbazide, dihydrochloride of (Baird, 
Burns, and Wilson), 25SO. 

C n H 15 0 5 N 2 As 3-Kitro-4-piperidinophenylarsinic acid, and its salts (King), 1053. 
C^HxsON.S s-^Ethoxyphenyldimethylthiocarbamide (Hunter and Styles), 
1212. 

CuHieOaNI Piperonylmethyltrimethylammonium iodide (Malan and Robinson), 
2655. 

CnHiANS Benzylsulphondiethylamide (C. K. and E. H. Ingold and Shaw), 
819. 

CnH^OaNaAs 3-Ammo-4-piperidinopbonylarsinic acid, and its salts, (King), 
1053. 

11 V 

C 11 H 14 ON 2 BF 4 S l-DImethyIamiiio-5-efchoxybenzthiazole tetrabromide (Hunter 
and Styles), 1212. 

C u Group. 

C 12 H ao £€-Dlmethyl-af-diethylhexatriene (Farmer, Laroia, Switz, and Thorpe), 
2958. 

12 II 

C 12 H 7 Bf s 2:4 : 6-Tribromodipheny 1 ( Blare y and Scarborough), 3008. 

G ia H s Cl a 2:5-Diehlorodiphenyl (Scarborough and Waters), 94. 

G^HsBFa 2:5-Dibromodiphenyl (Scarborough and Waters), 94. 

Dibromodiphenyls (Blakey and Scarborough), 3007. 

CxjHioOa 3-Methoxy-a-naphthaldehyde (Shoesmith and Rubli), 3103, 

C lx H 10 N a Harman (Manske, Perkin, and Robinson), 11. 

C 12 HhBf 4-Methyl-a-napbthylmetbyl bromide (Shoesmith and Rubli), 3102. 
C 12 H 12 0 2 Methoxy-a-naphtbylcarbinols (Shoesmith and Rubli), 3102. 

Gi^HisNa Harmalan (Manske, Perkin, and Robinson), 11. 

C 12 H 14 0 5 Ethyl 2-hydroxv-l: 5-wph thalate (Ohattaway and Prats), 690. 

Methyl 6-methoxymethylhomopiperonylate (Stevens), 185. 

CuHuO* 4:5-Dimethoxy-2:6*diacetylresorcinol (Chapman, Perkin, and Robin¬ 
son), 3033. 

C m H 15 N iraas-Hexahydrocarbazole, and its picrate (Gurney, Perkin, and Plant), 
2876. 

G 1s Hi B N 3 5-Keto«6-methyl-2:3:4:5-tetFahydropyridme 5-phenylhydrazone, and its 
hydrochloride (Manske, Perkin, and Robinson), 9. 

Ci 2 H 16 0 4 Ethyl jS-m-methoxyphenoxypropionate (Perkin, R£y, and Robinson), 
2097. 

Ethyl phenylmalonate, nitration of (Baker and Ingolb), 835. 

C ia Hi«O s 4-Acetoxy-2:2:3-trimethyl-A 3 -cycZ<?hexen-5-one-l-carboxylic acid (Bhag- 
vat and Simonsbn), 83. 

CttHwN* Aminohexahydrocarbazoles (Gurney and Plant), 1317. 

4-Phenyl-l-methylpiperidine, and its salts (Mills, Parkin, and Ward), 

2618. 

C ia H la Ot J5-Thryylideneacetic acid (Hugh and Kon), 2597. 

AcM^nd its silver salt, from dehydration of ethyl thnjolacetate (Hugh and Kon), 

j&ss../ . 

■ 3284 ■ v 
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1211—12 III 


C 12 H 18 0 3 4-Methyl- 5 • cycloh exanesjjm>cycfcpentan- 3 - one- 1 -carboxylic acid (Ingold 
and Seeley), 1089. 

C 12 H 18 0 4 Z-4-Acetyl-2:2:3-trimethyl-A 3 -cycZohexene-l-carboxylic acid (Bhagvat, 
Simonsen, and Rao), 88 . 

CiaHigOa l-Acetoxy-4:4:5-trimethylc?/cfopentane-l:3-dicarboxylic acid (Bhagvat 
and Simonsen), 84. 

y-Mannonolactone-diacetone (Goodyear and Haworth), 3143. 

CijHigN j 8 -Phenylethyldimethylethylamine, picrate of (Hanhart and Ingold), 
1008. 

Ci a H 20 0 4 Ethyl 2 : 3 -dimethylc 2 /c?obutanc*l: 4-diearboxylate (Yogel), 1992. 

C 12 H 20 N 7'Phenylpropylferimethylamine, picrate of (Ingold and Wilson), 810. 

C 12 H 20 Br 2 ef-Dibromo-^-dimetbyl-Ar^-decadiene (Farmer, Laboia, Switz, and 
Thorpe), 2957. 

C 12 H 22 O a 5-Acetyl-l:3:3:4:4-pentamethylcycZopentan-l-ol {Yogel}, 598. 

577-Dimethyl-AYn-decadiene-ef-diol (Farmer, Laeoia, Switz, and Thoepe), 2957. 

C 12 H 22 O 4 Etliyl / 8 £'-dimethyladipate (Yogel), 1991. 

Ethyl hydrogen isoheptylmalonate (Kon and Mae), 1554. 

C 12 H 22 G U Cellobiose, constitution of (Haworth, Long, and Plant), 2809. 

Lactose, constitution of (Hawoeth and Long), 544. 

Maltose, constitution of (Haworth, Loach, and Long), 3146. 

Melibiose, constitution of (Charlton, Hawoeth, and Hickinbottom), 1527 ; 
(Hawoeth, Loach, and Long), 3146. 

Sucrose, constitution of (Hawoeth, Hirst, and Nicholson), 1513 ; (Avery, 
Hawoeth, and Hirst), 2308 ; vapour pressures of mixtures of methyl acetate, 
water, and (McKeown and Stowell), 97. 

Turanose (Leitch), 588. 

CuH^Nji Pinacolinazine (Baird and Wilson), 2116. 

12 III 

C 12 H 6 0 8 N* Tetianitrodiphenyl (Blakey and Scarborough), 3006. 

C 12 H*C1 4 S* 2;5-Dichlorophenyl trisnlphide (Brooker, Child, and Smiles), 
1387. 

C 12 H 6 Bp 4 S 3 2 ; 5 -Dibromophenyl trisulphide (Brooker, Child, and Smiles), 
1387. 

C 12 H 7 0Bf 3 3:5:4 / -Tribromo-4-hydroxydiphenyl (Bell and Robinson), 1131. 

C 12 H 7 0 2 N l-Cyano-8-naphthoic acid (Davies and Leeper), 1126. 

C 12 H 7 NBp 4 Tetrabromo-3-aminodiphenyl (Blakey and Scarborough), 3005. 

C 12 H 8 0Bp 2 3:4'-Dibromo-4-hydroxydiphenyl (Bell and Robinson), 1131. 

CUBWHa 2 ' :3:4/ - Trinitro-4-aminodiphenyl (Le Fevre, Moir, and Turner), 
2337. 

0x 2 H 8 NC1 8 2 , :4:4 / -Trichloro-3-aminodiphenyI (Blakey and Scarborough), 8004. 

Ci 2 H 8 NBp 3 2:4:6-Tribromo-3-aminodiphenyl (Blakey and Scarborough), 3008. 

C 12 H # 0Bp Bromo- 4 -hydroxydiphenyls (Bell and Robinson), 1131. 

Gi 2 H 9 0 2 €l 3-Methoxy-a-naphthoyl chloride (Shoesmith and Rubli), 3101. 

C 12 H 9 0 4 N 3 Dmitro-2-aminodiphenyl (Scarborough and Waters), 96. 

2:3;5 , -Trinitrobenzidine (Le Fevre, Moir, and Turner), 2368. 

G 12 HaNCl 2 3:5-Dichloro-2-aminodiphenyl, and its, hydrochloride (Scarborough 
and Waters), 92. 

C ia H 9 NBr 2 3 : 5 -Dibromo- 2 -aminodiphenyl (Scarborough and Waters), 95. 

C^HxoOA 4 / -Nitro-2-aminodiphenyl (Scarborough and Waters), 96. 

N itro-3-aminodiphenyls (Blakey and Scarborough), 3008. 
7-Phthalimidobutyronitrile, preparation of (Manske, Perkin, and Robinson), 6, 

Ci*H w NCl Chloro-3-aminodiphenyls (Blakey and Scarborough), 3003. 



12 III—12 IV 


FORMULA INDEX. 


C x *HioNBP 5-Brdmo-2-aahitiodipheny], and its hydrochloride (Scarborough and 
Waters), 94. 

' Bromo-3-aminodiphenyls (Blakey and Scarborough), 3005. 

C HioCl a Si Diphenylsilicon dichloride, preparation of (Kipping and Murray), 
“ 2734. 

CiaHu OBr Methoxy-a-naphthylmethyl bromides (Shoesmith and Rubli), 3101. 

Ci 2 Hn0 2 N Methoxy-1 -naphthaldoximes (Brady and Goldstein), 1962. 

CiaH n 0 4 N Methyl S-hydroxyindole-2-carboxylate (Robertson), 1939. 

l-Phenyl-4-acetylamino-5-ketopyrazoline-3-carboxylic acid (Ohatta- 
way and Humphrey), 2136. 

CiaHnOeN Methyl nitrobenzylidenemalonates (Baker and Eccles), 2126, 

CiaHjaOaN Methyl iS-3-indolylpropionate (Manske and Robinson), 241; 

Ci 2 H 13 0 2 N 3 l-Nitroanilino~l-cyanocycZopentanes (Oakeshott and Plant), 491, 

C 12 H 13 0 3 N 1-Acetyl-5;6-diraethoxyindole (Oxford and Raper), 421. 

Ci2 H 13 0 6 N Methyl nitrobenzylmalonates (Baker and Eccles), 2127. 

C 12 H l4 0 2 N 2 Nitrohexahydrocarbazoles (Gurney and Plant), 1317. 

C 12 H 14 0 4 N 2 l-NitroanilinocycZopentane-l - carboxylic acids (Oakeshott and Plant), 
492. 

C 12 Hi 4 NBp 6-Bromohexabydrocarbazole, and its bydrobromide (Gurney and 
Plant), 1321. 

CiiHiiNsCl 5-Keto-6-methyl-2:3:4:5-tetrahydropyridine 5-m-chlorophenylhydr- 
azone, and its hydrochloride (Manske, Perkin, and Robinson), 10. 

CijHisOsNs l-Nitroanilinocyc7opentane-l-carboxyamides (Oakeshott and Plant), 
491. 

C 12 Hi«0 4 N 2 8-Nitro-5:6-dimethoxy-2-methyl-l :2;3:4-tetrahydrowquinoliiie (Haw- 
orth), 2284. 

Ci 2 Hi 7 O s N 5:6-Dimethoxy-2-metbyl-l:2i3:4-tetrahydrowr^uinoline, and its salts 
(Haworth), 2283. 

CaH 17 O s H 3 Propylvanillin semicarbazones (Dickinson, Heilbron, and Irving), 
1895. 

CuHi 7 0 4 N Methyl ethyl j3-cyano-AS-hexene-Sf-dicarboxylate (Farmer and 
Healey), 1065. 

CuH 17 N 3 S Acetone 5-a-phenylethylthiosemiearbazone (Baird, Burns, and Wil¬ 
son), 2532. 

Benmldehyde jS-butylthiosemicarbazone (Baird, Burns, and Wilson), 2530. 

CtttHi#0 3 H # Nitropbenylpropyltrimethylamines, picrates of (Ingold and Wilson), 
811. 

Gi*H m NI jS-Pbenyletbyldimethylethylammonium iodide (Hanhart and Ingold), 
1097. 

Ci 3 H 24 0 2 N 2 n-Decanediearboxyamide (Barniooat), 2928. 

\ ' . 12 IV 

C 12 H s 0NC1« Hexacblorobenzoquinoneanil (Bradfield, Cooper, and Orton), 
2858,'. 

C tt H 4 dNCl 5 2:6:2 / :4':6'-Pentachlorobenzoqninoneanil (Bradfield, Cooper, and 
Orton), 2858. 

CuHtONGl? Heptacbloro4-hydroxydipbenylamine (Bradfield, Cooper, and 
W- Orton), 2859. 

CitHiONBPj Pentabromobenzoqmnoneanil (Bradfield, Cooper, and Orton), 
2861. ' . . . 

C^H^ONCli 2:6:2 f :4 , -Tetraclilorobenzoqninoneanil (Bradfield, Cooper, and 
Orton), 2857. - 

; "feuHsONGI# HexacMorohydroxydiphenylamine (Bradfield, Cooper, and Orton), 
2858. r . -v;'/--- ; I' 
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CmH.O.NCI. TetracMoro-3-nitrodiplieuyl (Blakey and Scarborough), 3004. 

Ci>H»ONCl* 2:2':4'-Trichlorobenzoquinoneanil (Bradfield, Cooper, and Orton), 
2857. 

C«H,0NCI, 2:6:2':4':6 '-Pentachloro-4-hydroxydiphenylamine (Bradfield, 

Cooper, and Orton), 2858. 

G 12 H«0NBp s Pentabromo-4-hydroxydiphenylamiiie (Bradfield, Cooper, and 
Orton), 2861. 

C 12 H 6 0 2 NC1 3 Trichloro-3-nitrodiphenyl (Blakey and Scarborough), 3004, 

C 12 H 6 0 5 N 2 C1 2 Dinitro-4:4'-dich3orodiphenyl ether (Le F&vre, Saunders, and 
Turner), 1172. 

Ci2He0 5 N 2 BP 2 Dibromodinitrodiphenyl ethers (Le F&vre, Saunders, and 
Turner), 1171. 

C^O^Te Dinitrophenoxtellurines (Drew and Thomason), 122. 

C 12 H 7 0NC1 2 2 , :4 / -DicMoro-3-nitTodiphenyl (Blakey and Scarborough), 3004. 

C 12 H 7 O a NBp 2 3:4'-Dibromo-5-nitro-4-hydroxydiphenyl (Bell and Robinson), 
1131. 

Nitro-4:4'-dibroinodiphenyl ether (Le F&vre, Saunders, and Turner), 1172. 

C 12 H 7 0 8 NTe Ffitrophenoxtellurines (Drew and Thomason), 121. 

C 12 H 7 0*N 2 Br 4-Bromo-3:4'-dinitrodiphenyl (Le F$iyre, Moir, and Turner), 
2336. 

C 12 H 7 05 N 2 Bp 5-Bromo-3:4'-dinitro-4-hydroxydiphenyl (Bell and Robinson), 
1133. 

C 12 H 8 0NC1 4'-Chlorobenzoc[ninoneanil (Bradfield, Cooper, and Orton), 2856. 

€ 12 H 8 ONCl 3 2:2 / :4 / -Trichloro-4-hy'droxydipheny3araine (Bradfield, Cooper, and 
Orton), 2857. 

0 12 H 8 0NBp d'-Bromobenzocpunoneanil (Bradfield, Cooper, and Orton), 2860. 

C 12 H 8 0 2 NC1 4'-Chloro-3-nitrodiphenyl (Blakey and Scarborough), 3003. 

C 12 H 8 0 2 NBp 4'-Bromo-3-nitrodiphenyl (Blakey and Scarborough), 3004. 

Bromonifcrodiphenyls (Scarborough and Waters), 96, 1138. 

Ci 2 H 8 0 a N 2 BP 2 5:4'- Dibromo-3 -nitro- 4 -aminodipheny 1 (Scarborough and 

Waters), 1138. 

C 12 H 8 0 8 NBp 4-Bromo-4'-nifcrodiphenyl ether (Le F&vre, Saunders, and 
Turner), 1171. 

Bromonitro-4-hydroxydiphenyk (Bell and Robinson), 1132. 

C 12 H 8 ONTe 2-Aminophenoxtellnrine (Drew and Thomason), 124. 

C 13 H 9 0 2 N 2 C1 4 / -Chloro-3-nitro-4-aminodiphenyl (Scarborough and Waters), 
1138. 

C u H»0,N,Bf 4 -Bromo-4'-mtro-3-aminodiphenyl (Blakey and Scarborough), 
3009. 

Bromonitro-4-ammodiphenyls (Scarborough and Waters), 1138. 

C u H 9 0«N 2 As Nitrophenarsazinic acid (Gibson and Johnson), 2514. 

C ia HioONCl 4‘Chloro-4 / -aminodiphenyl ether {Le F&yre, Saunders, and 
Turner), 1172. 

4 / »Ohloro-4-hydroxydiphenylamine, and its toluenesulphonate (Bradfield, 
Cooper, and Orton), 2856. 

GuHiqQNBp 4'-Bromo-4-hydroxydiphenylamine (Bradfield, Cooper, and 
Orton), 2860. 

Ci 2 H 10 ON 2 Te Diaminophenoxtellnrines (Drew and Thomason), 124. 

CuHioOgCleS Ethyl anhydro-2-j8j3/3-triohloro-a-hydroxyethoxy-l-^B-triehloro- 
a-hydroxyethyi»enzene-5-snlphonate (Chattaway and Morris), 2017# 

Ci 2 H u 0 8 N 8 S Ethyl penthian-4-one-3-earboxylatej7-nitrophenylpyrazoloiie (Benn¬ 
ett and Soorah), 198. 

C w H u O*N.As Nitrodiphenylamine-O'-arsmic adds (Gibson said Johnson), 251& r 
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12IV—13II 


FORMULA INDEX. 


C HnOftNaCl Kitrobenzylpyridmium perchlorates (Pollard and Robinson), 
2778. 

C 13 Hi*0N 2 S Ethyl penthian-4-one-3-carboxylate phenylpyrazolone (Bennett and 
Scorah), 198. 

C^OaNAs Diphenylamine-o-arsinic acid (Gibson and Johnson), 2507. 

Ci 2 Hi 3 0 2 NS Acetyl-4-keto-2-methyltetraliydro-l: 5-heptabenzthiazine (Mills and 
Whitworth), 2749. 

C i 3 H 14 0 2 NCl l-Chloroanilinoci/cZopentane-l*carboxylic acids (Oakeshott and 
Plant), 490. 

C 12 H 14 0 2 NBr l-Bromoanilinocycfopentane-l-carboxylic acids (Oakeshott and 
Plant), 490. 

CioH-uOsNqCL w*Butyl glyoxylate 2:4-dichlorophenylhydrazone (Ohattaway and 
Bennett), 2851. 

C 12 H 15 0N 2 C1 1 -ChloroanilinocycZopentane-l-carboxyamides (Oakeshott and 
Plant), 490. 

CuH^OaNI 5:6-Dimethoxy-3:4-dihydro&oquinoline'methiodide (Haworth), 2283. 

C 12 H 20 ONI Z-Methylephedrine methiodide (Smith), 2057. 

12 V 

C 12 H 4 ONCI 2 BF 3 Dichlorotribromobenzoqninoneanil (Bradfield, Cooper, and 
Orton), 2862. 

C 12 H 4 ONc4Bp 2 Trichlorodibromobenzoquinoneanil (Bradfield, Cooper, and 
Orton), 2863. 

CisHiONCIaBr* Trichlorotefrabromo-4-hydroxydiphenylamme (Bradfield, 
Cooper, and Orton), 2864. 

C 12 H 6 ONCI 2 Br a Dichlorotribromo-l-hydroxydiphenylamine (Bradfield, Cooper, 
and Orton), 2862. 

G 12 H 6 ONCI s Br a Trichlorodibromo-4-hydroxydiphenylamine (Bradfield, Cooper, 
and Orton), 2862. 

C 12 H 7 ONCI 3 Bf Trichlorobromo-4-hydroxydiphenylammo (Bradfield, Cooper, 
and Orton), 2863. 

C 12 H 7 0 2 NC1 2 S 2 2:5-Dichlorophenyl 2 -nitropheny] distilphide (Brooker, Child, 
and Smiles), 1387. 

C 12 H 7 0 2 NBf 2 S 2 2:5-Dibromophenyl 2 -nitrophenyl disulphide (Brooker, Child, 
and Smiles), 1387. 

C 12 HsOaN 2 ClAs Cbloronitrodihydrophenarsazines (Gibson and Johnson), 2514. 

C 12 H 8 0*N 2 BrAs Bromonitro-5: 10 -dihydrophenarsazine (Gibson and Johnson), 
2514. 

C lt H a 0 4 NClS* 4-Chlorobenzenesulphonyl 2 -nitrophenyl disulphide (Brooker, 
Child, and Smiles), 1386. 

CitH & 0 s H s €l 2 As 2 -Nitrodipheuylamine- 6 '-dichloroarsine (Gibson and Johnson), 

2513. 

DttHnOHaBPS Ethyl penthian-4-one-3*carboxylate p-bromopheuylpyrazolone 
(Bennett and Boorah), 198. 

Ci 2 Hi 7 0 2 NBpI Trimethyl- 6 -bromo-£-piperonylethylammonium iodide (Stevens), 
184. 

Cx8 Group. 

C l 3 H I 4 0 4 4 -Methyl- 5 -fl#^hexane^Yn-(O:I: 2 )-d%cZ 0 pentan- 3 -one-l: 2 -dicarbox:ylic 
anhydride (Ingoid and Seeley), 1688. 

€&H 16 0 3 3-Methoxy-4-ethoxystyryl methyl ketone (Dickinson, Hellbron, and 
€&] Irving), 1894. 

4-Me&yl-5-<^cZohexanesj?iro-(0:l ; 2 )-dici/cZopentan-3-one-1:2- dicarboxylic 
add (Ingold and Seeley), 1688. 

CisHisO , Ethyl benzyloxybutyrate {Bennett and Hock), 475. 
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IS II—IS III 


FOBHirtA INDEX. 


C 18 H 19 N 1 - 0 -PhenylethylpipericLine, and its picrate (Pollabb and Bobinson}, 
2779. 

4-Phenyl-l-ethylpiperidine, and its hydrochloride (Mills, Parkin, and Ward), 
2618. 

C 13 H 20 O 2^'soPropylidene.jS-thtijone (Hugh and Kon), 2599. 

C 13 H 20 0 2 cy<^>Hexanesj?iw-2-ethylcyc^hexane-3:5-dioiie (Kon and Narayanan), 
1542. 

C Z 3 H 20 Os Ethyl 3:3-dimetbylc^cfopen tan- 2 -one- 1 :4-dicarboxylate (Gibson, Hari- 
haban, and Simonsen)/8012. 

C 13 H 22 0 2 Ethyl dehydroundecenoate, and its metallic derivatives (Myddlbton 
and Bercbem), 1928. 


IS III 

C 13 H 8 OS 2 l:3-Benzdithiole-2-^-benzoquinone, and its hydrochloride (Hubtley 
and Sm iles ), 536. 

C 13 H 8 0 2 CI 2 3:5-Dichloro-4-hydroxybenzophenone (Blakey, Jones, and Scar- 
BOBOUGH), 2868. 

C 13 H 8 0 2 I 2 3:5- Di-iodo-4-hydroxybenzophenone (Blakey, Jones, and Scab- 
bobough), 2870. 

C 13 H 8 0 8 N 2 Dinitro-4-hydroxybenzophenones (Blakey, Jones, and Scabborough), 
2871. 

C 13 H 9 0 2 I 3-Iodo-4-hydroxybenzophenorte (Blakey, Jones, and Scarborough), 
2870. 

Ci 3 H 9 NSe Phenylbenzselenazole, and its chloroplatinate (Clark), 2807. 

C 13 H 10 OS 2 2-p-Hydroxyphenyl-l:3-benzdifchiole, and its nitrate (Hubtley and 
Smiles), 536. 

G 13 H 10 O*Cl« Ethyl ester of anhydro-5 -carboxy- 2 --trichlor o-a-hy droxye thoxy- 
l- 0 j 8 j 8 -trichloro-a-hydroxyethylbenzene (Chattaway and Prats), 689. 

C 13 H 10 0 5 N 4 3-Nitro-4-hydroxybenzaldehyde 27 -nitropheoylhydrazone (Hodgson 
and Beard), 2380. 

Ci 3 H 10 0 6 C1 s »«-Dichloro-5-carboxy-2-aeetoxyacetophenone (Chattaway and 
Prats), 691. 

CuHnOAs 10 -Methylphenoxaraine (Aeschlimann), 414. 

CijHnOjjNa 3-Nitro-4-nitrosomethylaminodiphenyl (Bell and Bobinson), 1130. 

C 13 H 11 O 4 N 3 2:5-Dihydroxybenzaldehyde p-ni tropheny Ihy drazone (Hodgson and 
Beard), 2340. 

C 13 HuO<N 5 S-Nitro-4-aminobenzaldehyde ^-nitrophenylhydrazone (Hodgson and 
Beard), 23. 

CjaHuOyN^ 3 : 5 *Diketo- 2 -j 5 -nitrophenyltetrahydro-l: 2 : 4 'triazine- 6 -carhoxylic acid 
urethane (Whiteley and Yapp), 527. 

Ci 3 H 12 0N 2 Harmine (Manske, Perkin, and Bobinson), 1. 

C 18 Hi*0 2 N 2 3 -Benzeneazo- 2 : 6 -dimethylpyrone (Mullen and Crowe), 1753. 

Ci 3 H 12 O.N 3 5 -Methoxysalicylaldehyde p-nitrophenylhydrazone (Hodgson and 
Beard), 2340. 

C^H^OkN* 3:5-Diketo-2-phenyltetrahydro-l:2:4-txiazme-6-carboxylic acid ure- 
1 tlUe (Whiteley and Yapp), 526. 

C la H ls N,S 2 -Dimetliylamino-^-naphthathiazole (Huntek and Styles), ISIS. 

C 13 Hi«NAs 30-Methyl-5:10-dihydrophenarsazine (Aeschlimann), 416. 

C 13 H 13 0 2 N Methylme£hoxy*l-naphthaldoximes (Brady and Goldstein), 1963. 

CiaHig Oa As 10 -Methylphenoxarsine dihydroxide (Aeschlimann), 414. 

c 13 h„o,n s Ethyl 2:4-dinitrophenylethylcyanoaoetate, and its diver salt (Fair* 
bourne and Fawson), 48. 

C 13 H 14 GNt HarmaHne (Manske, Perkin, and Bobinson), 1 . 

C a H u O*N s Hitro-^-naphthyltrimethylamine, salts of (Ingham), 1974. 

. ,8289 ; 



13 III—13 IV 


FORMULA INDEX. 


C 1 ,H 14 0 3 N 2 10-Nitro-4/-in doxyIspirot^cZohexane (Betts, Muspratt, and Plant), 
1313. 

C 1 s H 14 O b N 3 Ethyl hydrogen diketosuccinate tolylhydrazones (Chattaway and 
Humphrey), 2794. 

C 1S H 14 0 7 N 2 3-Nitro-4-acetamidobenzylidene diacetate (Hodgson and Beard), 22. 

C ts H u NI Lepidine alliodide (Hamer), 2802. 

CjsHtfNaS s-a-Naphthyldimethylthiocarbamide (Hunter and Styles), 1213. 

C13H15ON ^-Indoxyl^aVocycZohexane, and its sodium salt (Betts, Muspratt, and 
Plant), 1313. 

i^cfcPentenylacetanilide (Kon and Narayanan), 1547. 

c^cfoPentylideneacetanilide (Hon and Narayanan), 1547. 

Ci 3 H 15 0 4 N 1 -CarboxyanilinocycZopentane- 1-car boxylic acids (Oakeshqtt and 
Plant), 493. 

C 13 H 15 0 5 N Ethyl jj-nitrobenzylacetoacetate (Burgess), 2019. 

C 13 Hi 5 0 5 Br 2 -Bromo- 4 -methyl- 5 -cycZ 0 hexane^ro-(Q:l: 2 )cZicycZopentan- 3 -one-l: 2 - 
dicarboxylic acid (Ingold and Seeley), 1689. 

CjtsHwOjjNa 5-Nitro-9-methylhexahydrocarbazole (Gurney and Plant), 1318. 

C i 8 H 16 0 3 N 2 l-Carboxyanilinoq/cZopentane-l-carboxyamides(OAKESHOTT and Plant), 
492. 

C 13 H I 7 O s N 1-AnilinocycZohexane-l-carboxylic acid (Betts, Muspratt, and Plant), 
1312. 

1-TolnidinocycZopentane-l-carboxylic acids (Oakeshott and Plant), 486. 

Substance, from salicylaldehyde and j9-hydroxylamino-0y-dimethyl-Ay-butene 
(Earl and Kenner), 2142. 

C 13 Hi 7 0 3 N 1-p-AnisidinocycZopentane-l-carboxylic acid (Oakeshott and Plant), 
488. 

C 18 Hi ? 0 3 N 3 3 : 4 -Dimethoxystyryi methyl ketone semicarba 2 one (Dickinson, 
Heilbron, and Irving), 1892. 

C 13 H 18 ON* l-AnilinocyeZobexane-l-earboxylamide (Betts, Muspratt, and Plant), 
1311. 

C 13 H 19 O 4 N Methyl ethyl j3-cyano-y-methyl-A$-hexene-j3£-diearboxylate (Farmer 
and Healey), 1065. 

CxsHioNI Benzylmethylpiperidmium iodide (Pollard and Robinson), 2776. 

C 13 H 21 0 3 N 8 4-Methyl-5-cvcZohexane^YocycZopentan-3 -one- 1 -carboxylic acid semi- 
earbazone (Ingold and Seeley), 1689. 

C i 3 H ? 3 0 4 N 3 Methyl 4 -hydroxy- 2 : 2 ; 3 -trimethyl-A 3 -c 7 /cZobexen- 5 -one-l-carboxylate 
toemicarbazone (Bhagvat and Simonsen), 83. 

CiaH 25 0 a N 8 5-Acetyl-1:3;3;4: 4 -pentamethylc 7 /oZopentan-l-ol semicarbazones (Vo¬ 
gel), 598. 

IS IV 

GjaHaONjCl* c^cZo«m-2i4:6-Trichlorophenylbenztriazone (Chattaway and Walk¬ 
er), 329, 

Ci 8 H 7 ON 3 Cl a cycZoe& 3 t- 2 : 4 -Dichloropbenylbenztria 2 one (ChattAway and Walker), 
328. 

C I3 H 7 0N s Br 2 2:4-Dibromophenylbenztriazones (Chattaway and Walker), 329. 

C^HjONCls 2:4:6-Trichlorobenzanilide (Chapman), 1749. 

CxaHgONsBp ^-Bromophenylbenztriazones (Chattaway and Walker), 328. 

e^HgOcNsCl* 4:4'-Dichloro-3:3'-dinifcrodiphenyImethane (Le F4vre and Turner), 

p;1120. ■■ 

OyByOjNjBP 2:4:6-Trinitro-3'hydroxybenzaldehyde p-bromophenylhydrazone 
(Hodgson and Beard), 2379. 

Ci*H 8 0sN«S s-Bis-3:5-dinitrophenylthiocarbamide (Dyson, George, and Hunter), 
444. - - ‘ .-;C' • 
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C 13 H 8 N a Br 4 S s-Di-2:5-dibromophenylthiocarbamide (Dyson, George, and Hun¬ 
ter), 443. 

CxgHoONCIt o-Hydroxybenzylidenedicbloroanilines (Roberts and Turner), 3843. 

C 13 H fi 0 g N,Clg 3:4-Dicblorobenzaldebyde p-nitrophenylhydrazone (Hodgson and 
Beard), 25. 

2:4-Dichlorodiazoaminobenzene-2 / -carboxylic acid (Chattaway and Walker), 
333. 

CtfHgOgNsBFji 3:4-Dibromobenzaldebyde jp-nitrophenylhydrazone (Hodgson and 
Beard), 26. 

2:4-Dibromodiazoaminbbenzene-2'-carboxylic acid (Chattaway and Walker), 
332. 

G l a 1 EL*OJ$J.z 3:4~Di-iodobenzaldehyde j?-nitrophenylhydrazone (Hodgson and 
Beard), 27. 

C i3 H 9 0 8 N 8 Bp 2 j3-a-Kitrobenzoyl-2:4-dibroinopbenylbydrazme (Chattaway and 
Walker), 331. 

C ls H 9 0 6 N 4 Br Dinitrohydroxybenzaldebyde 2 >bromophenylhydrazones (Hodgson 
and Beard), 2379. 

C 18 H 9 0 4 N 4 C1 4-Chloro-3-nitrobenzaldehyde p-nitrophenylbydrazone (Hodgson 
and Beard), 24. 

CisHsO^Bp 4-Bromo-3-nitrobenzaldehyde y-nitrophenylhydrazone (Hodgson 
and Beard), 24. 

C 13 H 9 0 4 N 4 I 4-Iodo-3-niirobenzaldehyde p-mtrophenylhydrazone (Hodgson and 
Beard), 25. 

C 13 H 10 ONCl o-Hydroxybenzylidene-3-chloroaniline (Roberts and Turner), 
1843. 

C 13 H 10 ONAs 9-Metby 1carbazole-3- arsenio us oxide (Burton and Gibson), 2387. 

CiaHioOtCljSjj 4-ToluenesuIpbonyl-2:5-dicliloropbenyl disulphide (Brooker, 
Child, and Smiles), 1386. 

C 18 H 10 0 3 N 8 C1 Chlorohydroxybenzaldehyde jp-nitroplienylbydrazones (Hodgson 
and Jenkinson), 1741. 

CisH^DaNsBr Bromohydroxybenzaldehyde p-nitrophenylbydrazones (Hodgson 
and Jenkinson), 3041. 

3 'Nitro- 4 -hydroxybenzaldehyde y>-bromophenylkydrazone (Hodgson and Beard), 
2380. 

Ci 3 H 10 O 3 N 8 I Iodohydroxybenzaldebyde p-nitrophenylhydrazones (Hodgson and 
Jenkinson), 3043. 

OiiHuOAS m-Hitropbenylnitrobenzylsulphones (Chatterjee and Robinson), 
2782. 

C 13 H 10 NC1 2 As 9-Metbylcarbazole-3-araenious chloride (Burton and Gibson), 
2387. 

CiaHxoNjBPgS s-Di-o-bromophenyltbiocarbanude (Dyson, George, and Hunter), 
443. 

C 13 H n 0N 8 Br 2 o-Aniinobenzoyl-2:4-dibromophenylhydrazine (Chattaway and 
Walker), 330. 

CM*#* • tfi-Nifrophenylbenzylsulphone (Chatterjee and Robinson), 2782. 

C»H U O4HS3 4-Toluenesulphonyl 2 -nitropbenyl disulphide (Brqoker, Child, 
and Smiles), 1386. 

C 18 H u NC1As lQ-~Chloro-4-methyl-5:10-dikydrophenarsazine (Gibson and John¬ 
son), 2510, 

C X8 H u NBrAs 10-Bramomethyl-5&04ihydropIienar8azmes (Gibson and John¬ 
son), 2509. 

C 13 H 12 0NBp Aceto-4-bromo-2-methyl-a-naphthalide (Shoesmith and Rubli), 
3103. 

CiaHigOgNAs Methylphenarsazinic acids, and their salts (Gibson and Johnson), 
2509. 
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IS IV—14II 


FORMULA INDEX. 


C 13 Hi20 3 NAs 9-Methylcarbazole-3-arsinic acid (Burton and Gibson), 2386. 

Dj 3 HJ 2 O 4 N 2 S ^-Toluenesulphon-2-nitroanilide (Bell and Robinson), 1129. 

C 13 H 12 0 5 NAs Carboxydiphenylamine-S'-arsinic acids (Burton and Gibson), 248. 

Ci 3 H 12 0 18 N 4 As 2 s-Carbamido-5-nitro-4-amino-2-hydroxyphenylarsinic acid, and 
its salts (King), 1056. 

C 13 H 12 N 2 Bf 4 S 2 -Dimetbylamino-/8-napbthathiazole tetrabromide (Hunter and 
Styles), 1213. 

C* 3 H 14 0 S NAS Metbyldipbenylarainearsinic acids (Gibson and Johnson), 2508. 

C 13 H 14 0 9 N 2 As 2 $-Carbamido-4-amino-2-hydroxy phenylarsinic acid (King), 1055. 

CfaHisOHS 3-Keto-2-benzyl-2:3-dihydro-l:4-benzthiazine (Mills and Whit¬ 
worth), 2748. 

Ci 3 H 15 0 3 NS Ethyl 3-keto-2t3-dihydro-l:4-benzthiazine-2-propionate (Mills and 
Whitworth), 2745. 

Ethyl 4-ketotetrahydro-l:5-heptabenzthiazine-2-acetates (Mills and Whit¬ 
worth), 2743. 

C 13 H 16 0 9 N 4 AS, s-4-Carbamido«4:5-diainino-2-hydroxyphenylarsinic acid (King), 
1056. 

C 13 H 18 O a N 2 S Nitrophenyl jS-piperidinoethyl sulphides ( Bennett and Berry), 1 680. 

C 13 Hi 8 0 5 N 2 S l-c-Anisidinocycfopentane-l-carboxyamide-b'-sulphonic acid, sodium 
salt (Oakeshott and Plant), 488. 

C X3 H 19 0 2 N a I Nitrobenzylmethyipiperidinium iodides (Pollard and Robinson), 
2777. 

C 13 H 19 0 4 N 2 As 3-Acetamido-4-piperidinophenylarsinie acid (King), 1053, 

13 V 

C 18 H a 0 2 NClAs 10-Chloro-5:10-dihydrophenarsazinecarboxylic acids (Burton and 
Gibson), 249. 

Cx 3 H 9 0 2 N 3 C1Bp Ohlorobromobenzaldehyde p-nitrophenylhydrazones (Hodgson 
and Beard), 25. 

C 18 H 9 0 2 N 3 C1I Chloroiodobenzaldehyde p-nitrophenylhydrazones (Hodgson and 
Beard), 26. 

C 13 H a 0 2 N 3 BpI Bromoiodobenzaldehyde p-nitrophenylhydrazone (Hodgson and 
Beard), 26. 

C 13 H 10 0 4 NGlSa 4-Toluenesulphonyl 4-chloro-2-nitro phenyl disulphide (Brooker, 
Child, and Smiles), 1386. 

13 VII 

CjsHsaOaNaCijBpSPt Tetrachloro (triaminopropane-a*bromocamphor-7r-sulphonate) 
platinum (Mann), 1231. 

Oh Group. 

C lt Hi 0 Phenanthrene, synthesis of (Kenner and Wilson), U0S. 

14 U 

C 14 H 8 0 4 Quraizarin, structure of (Green), 2384. 

Ox4 H*00£ Benzil, surface tension and density of (Garner and Sugden), 2882* 
Dihydroxyanthracenes (Green), 555. 

C 14 H 10 O s o-Benzoylphloroglucinaldehyde (Robertson and Robinson), 1713, 
Di-p-earboxydiphenyl ether, and its silver salt (Reilly, Drumm, and Barrett), 70. 

• l:3-Dihydroxy-7-methoxyxanthone (Shinoda), 1985. 

€x 4 Hi 2 0 3 1-Methoxydiphenyl-l '-carboxylic acid (Rule and Bretscher), 926. 
4-Methoxyphenyl benzoate (Irvine and Smith), 75. 

CuRtxsBPf 2:2'-Bibromodibenzyl (Kenner and Wilson), 1111 . 

Cyi 14 0 Di^-tolyl ether (Reelly, Drumm, and Barrett), 67, 

€ h Hx 4 0* isoHydrobenzoins (Read and Steele), 917. 
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FORMULA INDEX, 


1411—14 III 


Ci 4 H 14 Se Di-o-tolyl selenide (Porritt), 29. 

CuH 16 Si Diphenyldimethylsilieane (Kipping), 107. 

CkH 18 0 3 3-Methoxy-4-propoxystyryl methyl ketones (Dickinson, Heilbron, and 
Irving), 1895. 

Ci 4 H 18 O 10 Tetra-acetyl 7-mannolactone (Goodyear and Haworth), 3144. 

CuH 21 N l- 7 -Phenylpropylpiperidine, and its picrate (Pollard and Robinson), 
27 80 . 

4 -PhenyH- 7 i-p r °pylpiperidine, and its hydrochloride (Mills, Parkin, and 
Ward), 2619. 

C14H24O4 ^WsoMenthyl hydrogen succinate (Read, Robertson, and Cook), 
1233. 

14 III 

C 14 H 5 0 & N 3 Trinitrofluorenone-4-carboxylie acid (Bell and Robinson), 2238. 
C l 4 He0 7 N 2 4:4 , -Dinitrodiphenic anhydride (Bell and Robinson), 1697. 
C u H«0 10 N 4 3 : 5 : 35 '-Tetranitr obenzil (Chattaway and Coulson), 578. 

C„H 7 0 5 N Kitrodiphenic anhydrides (Bell and Robinson), 1697, 2236. 

Nitrofluorenone-4-carboxylic acid (Bell and Robinson), 2238. 

C 14 H 8 0N 4 jp-Azoxybenzonitrile (Nisbet), 2084. 

C 14 H 8 0 s S Thionyldihydroxyanthracenes (Green), 557, 2344. 

C 14 H 9 0 s C 1 4-Chloro-1:9-dihy dr oxy anthracene (Green), 2343. 

C u H 9 O a Cl Chlorohydroxybenzaldehyde benzoates (Hodgson and Jenkinson), 

Ci 4 H # 0 3 Bp 4-Bromo-2-hydroxybenzaldehyde benzoate (Hodgson and Jenkin¬ 
son), 3041. 

C 14 H b 0 3 I Iodohydroxybenzaldebyde benzoates (Hodgson and Jenkinson), 3043. 
Ci 4 H 9 0 6 N 3 Dinitrobenzylidenephenylnitromethane (Baker and Wilson), 847. 
2:4:4'-Trinitrostilbene (Nisbet), 2082. 

C 14 H 9 0 8 N 3 Trinitro-4-methoxybenzophenones (Blakby, Jones, and Scar¬ 

borough), 2872. 

C 14 H 10 O*Cl 2 3:5-Dichloro-4-methoxybenzopbenone (Blakey, Jones, and Scar¬ 
borough), 2867. 

C 14 Hi 0 0 4 N 2 p-Nitrobenzylidenephenylnitromethane (Baker and Wilson), 844. 
C 14 H 10 O 6 N 2 Dinitro-4-methoxybenzophenones (Blakey, Jones, and Scar¬ 

borough), 2871. 

C 14 H 10 O 8 Gu Cuprisalieylic acid, sodium salt (Wark), 1756. 

Ci 4 H 10 0,N 4 Tetranitrodi-p-tolyl ether (Reilly, Drumm, and Barrett), 73. 
C 14 H 10 NC1 3 2'.*4:4'-Triehloro-3-acetamidodiplienyl (Blakey and Scarborough), 
3004. 

CuHuOjCl 3-Chloro-4-methoxybenzophenone (Blakey, Jones, and Scar¬ 

borough), 2867. 

C 14 Hn0iBp 3-Bromo-4-methoxybenzophenone (Blakey, Jones, and Scar¬ 

borough), 2868. 

CwHuOgl 3-Iodo-4-methoxybenzophenone (Blakey, Jones, and Scarborough), 

2869. 

Ci 4 H u 0 8 Br Bromomethoxyphenyl benzoates (Irvine and Smith), 75. 

Ci 4 H n 0 4 N Nitro-4-metboxybenzophenones (Blakey, Jones, and Scarborough), 

2870. 

C 14 Hu0 5 N s Dinitro-3-acetamidodipbenyl (Scarborough and Waters), 96. 

Nitrobenzylnitrobenzaldoximes (Brady and Klein), 879. 

C M H„0 7 N 5 4:6-Dmitro-3-methoxybenzaldehyde p-nitrophenylhydiazone (Hodg¬ 
son and Beard), 2381. 

Ci 4 H 12 OS 2 2-^-Methoxyphenybl:3-benzditbiole, and its nitrate (Hurtley and 
Smiles), 536, 
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14 III 


OMW* 5-Carboxy-2-ethoxyphenylglycollic acid phenylhydrazone (Chatt- 
away and Prats), 690. 

4'-Nitro-2-acetamidodiphenyl (Scarborough and Waters), 96. 

Nitro*3-acetamidodiphenyls (Blakey and Scarborough), 3008. 

^-O-^-Nitrobenzylbenzaldoxime (Brady and Klein), 885. 

C 14 H 12 0 4 N a 3-Nitro-4-methoxybenzanilide (Blakey, Jones, and Scarborough), 
2870. 

3-Kitro-4-methoxybenzophenoneoxiine (Blakey, Jones, and Scarborough), 
2870. 

C m HiAN* Dinitrodi-j?-tolyl ethers (Reilly, Drumm, and Barrett), 72. 

Ci 4 H 13 ON JV-Methylbenziminophenyl ether (Chapman), 1747. 

C 14 H 13 0 2 C1 Chloro-2-benzyloxyanisoles (Oxford and Robinson), 2241, 

C 14 H ia 0 8 N Acetylmethoxy-1 -naphthaldoximes (Brady and Goldstein), 1962. 

2- Nitrodi-p-tolyl ether (Reilly, Drumm, and Barrett), 72. 

3- NitrodUp-tolyl ether (Reilly and Barrett), 1399. 

C M H ls O*N Methyl nitrocinnamylidenemalonates (Baker and Eccles), 2128. 

C 14 H 14 0N 4 Benzophenone 5-aminosemicarbazone (Brown, Pickering, and Wil¬ 
son), 109, 

C J4 H M 0 a N a Quinoxaline derivative of 2:2-dimethyl«/c7opentane-3:4-dione-l-carb- 
oxylic acid (Gibson, Hariharan, and Simqnsen), 3014. 

C l4 H I4 0 4 N 3 2: 5-Dimetkoxybenzaldehy de ^-nitrophenylhydrazone (Hodgson and 
Beard), 2340. 

C 14 H 4 0 5 N 4 3:5-Diketo-2^?-tolyltetrahydro-l :2:4-triazine-6-carboxylic acid urethane 
(Whiteley and Yapp), 527, 

C M Hi 4 NAs 10-Ethyl-5:10-dikydrophenaisazine (Aesohlimann), 416. 

C 14 H 16 ON Aminodi-p-tolyl ethers, and their salts (Reilly and Barrett), 1400. . 

Bipheaylhydroxyethylamines, and their salts (Read and Steele), 910. 

C 14 H 15 N 3 S Acetone 5-£-naphthylthiosemicarbazone (Baird, Burns, and Wilson), 
2533. 

C 14 H w 0 3 H a Nitro-9-acetylhexahydrocarbazoles (Gurney and Plant), 1317. 

10-NitTO-7-methyl-4-indoxyls2>iroc^cZohexane (Betts, Muspratt, and Plant), 
1313. 

C 14 H ie NBP 2:6-Dimethylquinoline allobromine (Hamer), 2801. 

C 14 H 16 NI 2:6-Dimethylquinoline alliodide (Hamer), 2800. 

C w Hi 6 N a Se 3 Di-o-methylaminodiphenyl diselenide (Clark), 2807. 

C 14 H 17 0N 9-Acetyl-^m)i5-hexabydrocarbazole (Gurney, Perkin, and Plant), 
2679. 

C 14 Hi 7 0 8 N s mHitroso-derivative of substance C 14 H 18 ON 2 (Krishnamurti and 
Bey), 1351. 

Ci 4 H 17 0 4 Bp 3 Substance, from bromine and dimethylpyrone (Collie and Klein), 
2162. 

C 14 H 17 0 6 N Indioan, synthesis of (Robertson), 1937. 

C 14 H 17 N*CI Dibenzylhydrazine hydrochloride (Kenner and Wilson), 1112 . 

C 14 Hi 8 0Nj Substance, from benzoylacetonitrile, piperidine, and salicylaldebyde 
(Krishnamurti and Dey), 1350. 

QmHmO JKt mes©4:4-Diacetyl-2:3-dimethyl4:2:3:4-tetrahydroqtiinoxaline (Gib¬ 
son), 344. 

l-mm'-Dimetboxyanilino-l-cyanoc^cZopentane (Oakeshott and Plant), 489. 

OiiHiaOiNi Ethyl nitropiperidinobenzoates (Le FAvre and Turner), 1117. 

Cj*H ia O*N 8 3-Methoxy-4-ethoxystyryl methyl ketone semicarbazone (Dickinson, 

; Heilbron, and Irving), 1894; 

WCjiHmQiNi Ethyl/37-dicyano-3-methylpentane-7e-dicarboxylate (Gibson, Hari- 
haran, and Simonsen), 8011. 

. 7 . ' • 32947- 
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14 III—14IV 


CiAAN* 7 «wi-N itro-p-acetaroidophenylpropyltrinaethylamine, picrate of (In- 
gold and Wilson), 811. 

C 14 H 22 NI 4-Phenyl-l-methyM-ethylpiperidinium iodides (Mills, Parkin, And 
Wabd), 2619. 

C w H 22 0N s 2 -i 5 oPropylidene-j 3 -fchujone semicarbazone (Hugh and Kon), 2599. 

j 8 -Thnjylideneacetone semicarbazone (Hugh and Kon), 2599. 

C 14 H 25 ON 3 Acetone 5-d-bomylsemicarbazones (Goodson), 1998. 

G 14 H 25 O 4 Bp Ethyl a-bromo-jS^'S'-tetramethyladipate (Farmer and Kracovski), 
684. 

14 IV 

C u H 7 0 3 G1S 4-Chloro-l:9-thioDyldihydroxyanthraeene (Green), 2344. 

G 14 H 7 0 4 NCl 2 Nitrodiphenic acid dichlorides (Bell and Robinson), 1697. 

C 14 Hs0 3 NC1 5 Pentachloroacetoxydiphenylamine (Bradfielu, Cooper, and Orton), 
2858. 

C u H 8 0 6 N 2 S 2 3:3'-Dinitrobenzaldehyde disulphides (Hodgson and Beard), 2423. 

C 14 H 8 0 4 N a Gl 2 / *ChlorO'2:4*dinitrostilbene (Robinson and Zaki), 2489. 

Gx 4 H 10 0 8 NaBP 3 5:4'-Dibromo-3-nitro-4-acetamidodiphenyl (Bell and Robinson), 
1130. 

CxAoOsNaCl 3-Chloro-5:4'-dmitro-4-acetamidodiphenyl (Scarborough and 
Waters), 1137. 

C u H 10 0 6 N 4 S 2 Dinitrodibenzaldehyde disulphide dioximes (Hodgson and Beard), 
2424. 

C 14 H 10 0 7 N 4 Se Benzselenazole methopicrate (Clark), 2806. 

Ci 4 HioN 4 Bp 8 S 2 S-Bromo-l-aminobenzthiazole tribromide (Dyson, Hunter, and 
Morris), 1192, 

Ci 4 HyONBp 2 4:6-Dibromo-3-acetamidodiphenyl (Blakey and Scarborough), 
3007. 

C u HnO*NCL 3:5-Diehloro-4-methoxybenzauilide (Blakey, Jones, and Scar¬ 
borough), 2868. 

3;5-Dichloro-4-methoxybenzophenoneoxime (Blakey, Jones, and Scarborough), 

2867. 

C 14 H u 0 2 N 2 Bp PhthaHmidomethylpyridininm bromide (Kipping and Mann), 
530. 

C 11 H„O.N,Cl Chloronitro-4-acetamidodiphenyl (Scarborough and Waters), 
1137. 

CuHuOaNjBp 4- Bromo-4 '-nitro-3 * ace tamidodiphenyl (Blakey and Scar¬ 
borough), 3009. 

4'-Bromo-3-nitro-4-aeetamidodiphenyl (Scarborough and Waters), 1189. 

5-Bromo-3-nitro-4-acetamidodiphenyl (Bell and Robinson), 1131. 

Ci 4 Hii0aN 4 Bp Dimtromethoxybenzaldehyde p-bromophenylhydrazone (Hodgson 
and Beard), 2381. 

CyHxaONCl Chloro-3-acetamidodiphenyls (Blakey and Scarborough), 3003. 

Chloro- 2 -acetamidodiphenyls (Scarborough and Waters), 93. 

C 14 H ia 0NBP 5-Bromo-2-acetamidodiphenyl (Scarborough and Waters), 94. 

Bromo-3-acetamidodiphenyls (Blakey and Scarborough), 3005. 

C I 4 H It 0 a NBp 3-Bromo-4-methoxybenzanilide (Blakey, Jones, and Scar¬ 
borough), 2868. 

3-Bromo-4-methoxybenzophenoneoximes (Blakey, Jones, and Scarborough}, 

2868. 

CyHxANI 3-Iodo-4-methoxybenzanilide (Blakey, Jones, and Scarborough), 

2869. 

3-Iodo-4-methoxybeiizophenoneoximes (Blakey, Jones, and Scarborough), 
2869. 

Ci 4 H 12 0 2 N 2 Se 2 Di-o-formylaminodiphenyl diselenide (Clark), 2808. 
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FORMULA INDEX. 


C 14 H 12 O 3 N 3 CI 4-Chloro-2-methoxybenzaldehyde 2 >-nitrophenylhydrazone (Hodg¬ 
son and Jenkinson), 1741. 

C 14 H 12 0 8 N 3 Bf Bromomethoxybenzaldehyde ^-nitrophenylhydrazones (Hodgson 
and Jenkinson), 3042. 

C 14 H 12 O 3 N 3 I Iodomethoxybenzaldekyde ^-nitrophenylhydrazones (Hodgson and 
Jenkinson), 3043. 

CuHiANCl l:3-Dihydroxy-7-methoxyxanthonimine hydrochloride (Shinoda), 
1084. 

Nitrochloro- 2 -benzyloxyanisoles (Oxford and Robinson), 2241. 

C 14 H 12 0 4 N 4 S Hitromethylthiolbenzaldehyde ^-nitrophenylhydrazones (Hodgson 
and Beard), 2426. 

CuHiaOsNaSa 4-Acetamidobenzenesulphonyl 2 -nitrophenyl disulphide (Brooker, 
Child, and Smiles), 1386. 

C 14 H 12 NISe Phenylbenzselenazole methiodide (Clabk), 2807. 

C 14 Hi 3 0SAs 10 -Ethylphenoxarsine sulphide (Aeschlimann), 415. 

Ci 4 H ia 0 6 NS 3 4-Methoxy toluene- 3 -sulphonyl 2 -nitrophenyl disulphide (Brooker, 
Child, and Smiles), 1386. 

C w H u 0 4 N 2 S ^-Toluenesulphonmethyl- 2 -mtroanilide (Bell and Robinson), 1129. 

C 14 H 14 0 6 N 2 Bp 2 Ethyl diketosuccinate 2:4-dibromophenylhydrazone (Chattaway 
and Humphrey), 1326. 

C 14 H 16 0 2 NS Phenylethanesulphonamides (Eyans, Mabbott, and Turner), 
1162. 

C 14 H 15 NIAs 10 : 10 -Dimethyl- 5 : 10-dihydrophenarsazonium iodide (Aeschlimann), 
416. 

C u H 15 N 2 C1Bf Di-o-bromobenzylhydrazine hydrochloride (Kenner and Wilson), 

1111 . 

CmHiaOUBf 6-Bromo-9-acetylhexahydrocarbazole, and its hydrobromide (Gurney 
and Plant), 1322. 

C 14 H 18 0 4 N 4 S 2 Carbethoxymethyl- 2 -glyoxaline disulphide (Balaban and King), 
1867. 

C m H 1s 0 2 N 2 Bp £-Phthalimidodimethyldiethylammonium bromide (Hanhart and 
Ingold), 1010. 

Ci 4 H 19 0 2 N a S Acetone jS-o-earbethoxybenzylthiosemicarbazone (Baird, Burns, 
and Wilson), 2539. 


Cis Group. 

C 15 Hi 0 O 8 Carajnretin, and its salts (Chapman, Perkin, and Robinson), 3025. 
G i 5 Hj a 0 3 2:4-Dihydroxyphenyl styryl ketone (Ellison), 1723. 

7-Hydroxyflavanone (Ellison), 1722. 

C i5 Hi*0 4 Acetylbenzoylpyrocatechol (Green), 502. 

GisHiaOs Trihydroxyphenyl hydroxystyryl ketones (Ellison), 1723. 

C 15 H 12 S 2 2 -Styryl-l: 3 -benzdithiole J and its nitrate (Hurtley and Smiles), 537. 
C 15 H 14 0 3 Methyl 1 -methoxydiphenyl -1 -earboxylate (Rule and Brbtscher), 926. 
C 16 H 16 0 Di-o-tolylcarbinol (Boyd and Hatt), 908, 

C 15 H 18 0 7 Ethyl 2:4:6-trimethoxybenzoylpyrnTate (Pratt, Robertson, and 
Robinson), 1983. 

CisHasOa Dehydrongaiene dioxides (McDow all), 737. 

CisHaaOu Tetracarbomethoxy 7-methylfructoside (Allpress, Haworth, and 
Inkster), 1234. 

C 15 H m 0 3 Dihydrongaiol (McDow all), 734. 

[ Tetrahydrongaione (McDow all), 733. 

GjsHmO* Tetrahydrongaiene dioxide (McDow all), 740. 

■ V C 2 3 H» 0 3 Tetrahydrongaiol (McDowall), 734. ; , 
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15 III 


15 III 

Ci 5 H 9 0 5 C1 Chlorohydroxymethylantkraquinone (Hayas hi), 2524. 

Ci 5 H 9 0 8 Br Bromohydroxymethylanthraquinone (Hayashi), 2526. 

CxsH 9 0sNs 2:5-Dinitrophenyloxazoles (Ingham), 698. 

C^HjOeNy 3;5-Diketo-2'O-nitrophenyl-6-0-iiitrobenzeneazotetrahyclro-l:2:4-tri 

azine (Whiteley and Yapp), 527. 

c 16 h 10 on* 4soQuinazindol-2-one (Asahina, Manskb, and Robinson), 1709. 
C 15 H 10 0 3 N a 2-Phenyl-5«m-nitrophenyloxazole (Ingham), 698. 

C 15 H 10 0 6 N 2 2:4-Dinitro-3':4 r -methylenedioxystilbene (Nisbet), 2082. 

C 16 H 10 N 4 S s-Dicyanophenylthioearbamides (Dyson, George, and Hunter), 443. 
C 15 H n 0 2 N 3-Phenylindole-2-carboxylic acid (Manske, Perkin, and Robin¬ 
son), 7. 

C«H u 0 a N 5 3:5 -Diketo*6-benzeneazo-2-pbenyIt6trabydro-l:2:4-triazine (Whiteley 
and Yapp), 527. 

C 15 H u O a Cl 4 / -Hydroxy£tavyliiun chloride (Iryine and Robinson), 2090. 
C 15 H 11 O 2 I 3 4'-Hydroxyflavylimn periodide (Irvine and Robinson), 2090. 
C 15 H 11 O 3 CI Chrysinidin chloride (Pratt, Robertson, and Robinson), 1977. 

Dihydroxyflavylium chlorides (Robertson and Robinson), 245, 2203. 

C 15 Hn0 4 Cl Apigenidin chloride (+H 2 0) (Pratt, Robertson, and Robinson), 
1979. 

Chlorohydroxybenzoyltolnic acids, and their salts (Hayashi), 2520. 
5:6;7-Trihydroxyflavylinm chloride (Chapman, Perkin, and Robinson), 3040. 
Ci 5 H 1x 0 4 Bp Bromohydroxybenzoyltoluic acids, and their salts (Hayashi), 2525. 
C 1 JI 1 ACI Resomorinidin chloride (Pratt, Robertson, and Robinson), 1982. 
5:6:7:4'-Tetrahydroxyflavylium chloride (Chapman, Perkin, and Robinson), 
3038. 

CuHxAN 2-Nitro-4:5-dimethoxyphenylpynivic acid (Oxford and Raper), 418. 
CisHuOjNa 2;4;6-Trinitro-4^methoxystilbene (Nisbet), 2083. 

CuAAC! Chrysinidin perchlorate (Pratt, Robertson, and Robinson), 1978. 
CisH u NS 1-Styrylbenzthiazole (Mills and Whitworth), 2748. 

C 15 Hi 2 0 5 Na 2:4-Dmitro-2'-methoxystilbene (Robinson and Zaki), 2489. 

. Nitrobenzyh3:4-methylenedioxyhenzaldoximes (Brady and Klein), 880. 
C 15 H 13 0 a N Benzylidenepiperonylmethylamine, and its picratc (Malan and 
Robinson), 2655. 

C15H13O4N a-Phenylethyl p-nitrobenzoate (Ward), 453, 

CxAANa m-Nitrobenzonitro-w-xylidides (Dadswell and Kenner), 1107* 
C 15 H 13 0 5 N 5 3-Nitro-4-acetamidobenzaldehyde p-nitrophenylhydrazone (Hodgson 
and Beard), 23. 

CxsHisOA Dinitrobenzamidophenetoles (Fawcett and Robinson), 2420. 

Nitrobenzylnitromethoxybenzaldoximes (Brady and Klein), 881. 

Cx 6 H 13 NS l-j8-Phenylethylbenzthiazole (Mills and Whitworth), 2749. 
C i5 H 14 0 2 N 4 Benzil 5-aminosemicarbazone (Brown, Pickering, and Wilson), 
110 . 

CxsHim 5-Carboxy-2-hydroxyacetophenone, and its pbenylhydrazone (ChattA- 
way and Prats), 692. 

3-Nitaro-4-acetmetbylamidodipbenyl (Bell and Robinson), 1130. 
m-Nitrobenzo-m-xylidides (Dadswell and Kenner), 1107. 

CxsHuOjN* p-Acetamidobenzaldehyde p*nit ropbenylbydrazone (Hodgson and 
Beard), 22. 

C 15 H 14 0 4 N a Dinitrobenz-p-pbenetidides (Fawcett and Robinson), 2420. 
Nitro-4-benzamidopbenetoles (Fawcett and Robinson), 2418. 
Nitrobenzylmethoxybenzaldoximes (Brady and Klein), 880, 

3297 



is hi— 16 n 


FORMULA INDEX. 


c 15 h u 0 8 n 2 Nitro-3-methoxy-4-jp-nitrobenzyloxy toluenes (Oxford), 1967. 
Ci 5 H 15 N 3 S Benzylidenebenzylthiosemicarbazide (Baird, Burns, and ‘Wilson). 
2531. 

C 36 H 17 O a N 7-Acetyl-^-indoxyl^frocycfohexane (Betts, Muspratt, and Plant). 
1312. 

C 15 H 17 0 8 N 3-j8-Glucosidoxyindole-2-carboxylic acid (Robertson), 1940, 
c 16 h 17 o 8 N s Mesoxalyldiuretbane nitrophenylhydrazones (Whiteley and Yapp) 

ecm; n 


C 15 H 17 0 3 N’ 2 Substance, from o-phenylenediamine and a-keto-j3j8ry-tetramethyl- 
glutaric hydroxylactone (Rothstein and Shoppbe), 534. 

CisH^gOsNa Etbyl diketosucoinate tolylhydrazones (Chattaway and Humphrey), 

C 1s H 18 0 6 N 4 Mesoxalyldiuretbane phenylhydrazone (Whiteley and Yapp), 525, 

Ci 5 Hi 8 0 7 N a 3-£-Glueosidoxyindole-2-carboxylamide (Robertson), 1940, 

C 15 H 23 0 2 C1 Ngaiyl chloride, preparation of (McDowall), 739. 

C 18 H 23 N 3 S Benzylidene-8-heptylthiosemicarbazide (Baird, Burns, and Wilson), 
2534. 

C 15 H 24 NI 4-Phenyl-l:l-diethylpiperidinium iodide (Mills, Parkin, and Ward). 
2621. 

C 15 H 25 0N 3 Metbyl-£-thujylideneacetone semioarbazone (Hugh and Kon), 2599. 

C 15 H 85 0 2 N Ngaiylamine, and its salts (McDowall), 738. 

CisHagOaNa Tetrahydrongaione hydrazone (McDowall), 736. 

CifiH 29 0 2 N Tetrahydrongaiylamine, and its picrolonate (McDowall), 734. 

15 IV 

Cx 6 H 12 0 4 N 2 S s-Di-o-carboxyphenylthiocarbamide (Dyson, George, and Hunter), 
444. 

CtfH^OaNaS m-Nitrophenyl £-(p-nitrobenzoyl)oxyethyl sulphide (Bennett and 
Berry), 1669. 

C 16 H 13 0NS o-Cinnamamidothiophenol (Mills and Whitworth), 2746, 
4-Keto-2-phenyltetrahydro-l:5-heptabenzthiazine (Mills and Whitworth), 
2745. 

C 16 H 18 0 2 NS 2-Keto-2-phenyltetrahydro-l:5-heptabenzthiazine sulphoxide (Mills 
and Whitworth), 2745. 

CisH 18 0 2 N 8 Bp 2 o-Acetamidobenzoyl-2:4-dibromophenylhydrazine (Ohattaway 
and Walker), 331. 

C 16 H 18 0 3 NS 4«Xeto-2-phenyltetrahydro-l:5-heptabenzthia'zine sulphone (Mills 
and Whitworth), 2746. 

CjjHxaOaNjBp Nitrobenzoylbromoacetoxylidides (Dadswell and Kenner), 1106. 

C 15 H 14 0NAs 5-Acetyl-10-metbyl-5:10-dihydrophenarsazme (Aeschlimann), 416. 

C 15 H 14 0 8 BpAs 10-Methyl-10-carboxymethylphenoxarsonium bromide (Aeschli¬ 
mann), 415. 

Cx 5 H 1>6 0 4 NS. m-0arboxyphenylmethylsu]phine-j3-toluenesulphonylimme, resolu¬ 
tion of, and its salts (Clarke, Kenyon, and Phillips), 188. 

CisHxeOjNaS 5-Dianisylthiocarbamides (Dyson, George, and Hunter), 440. 

C 15 H 17 0 2 N 2 C1 o-Nitrobenzylphenyldimethylammomum chloride (Baw), 1398. 

CxsH 17 NIAs 10-Methyl-10-ethyl-5:10-dihydrophenarsazonium iodide (Aeschli¬ 
mann), 416. 

Ci« Group. 

f r C 18 H 10 0 4 4-Hydxoxy-3-benzoylcoumarin (Heilbron and Hill), 1707. 

7-Hydroxy-2-phenyl-5-methylbenzopyrylium anhydro-base, and its salts 
(Hirst), 2493. . . • 

■; C^H^O* 4-Hydroxy-3-benzyl«mmarm (Heilbron and Hill), 1707. 




16II—16 III 


FORMULA INDEX. 

Cx'HuOs Carajurone (Chapman, Perkin, and Robinson), 3027. 

CieHi 2 N 2 Dibenzodihydronaphthyridine 3 and its salts (Haworth and Pink), 
2348. 

C 16 H u O o-zsoPropenylbenzophenone (Baenett, Cook, and Nixon), 509. 

c 16 h 14 o, Phenyl 2-liydroxy-5-methoxystyryl ketone (Ievine and Robinson), 
2088. 

CieHu0 4 2:2'-Dimethoxybenzil, surface tension and density of (Garner and 
Sugden), 2882. 

Ci 6 Hi 5 N l-Benzyl-l:2:3:4-tetrahydrow0qninoline, and its sulphate (Chakravartt, 
Haworth, and Peekin), 2277. 

C 16 H 13 0 2 Dimethylphenylhydroxyphthalan (Baenett, Cook, and Nixon), 509. 

2-j?-Tolyloxy-5-methylacetophenone (Reilly and Drumm), 2819. 

CieHaiNs 2-Aminotetramethylbenzidine (Bell and Robinson), 1698. 

CieHaaOs Ethyl jS-benzyloxyethylmalonate (Bennett and Hook), 475. 

C ir H 2tt 0 6 Tetramethylmannonic acid phenylhydrazide (Goodyear and Hawoeth), 
3143. 

C 1c H 32 0 2 Palmitic acid, sodium salt, effect of electrolytes on viscosity of (MoBain, 
Willavoys, and Heighington), 2689; hydrolysis of solutions of (McBain and 
Buckingham), 2679. 

Acid, from oxidation of rc-triacontane (Francis and Wood), 1900. 

16 III 

C 16 H 0 O 2 C1 2-o-Cblorobenzylidene-l: 3> diketohydrindene (Robinson and Zaki), 
2488. 

C w H 10 ON 2 Ketodibenzodihydronaphtliyridine, and its salts (Hawoeth and Pink), 
2347. 

C w Hi 0 O 4 N 3 o-Nitrobenzylidenehomophthalimide (Haworth and Pink), 2346. 

Ci 6 H 10 0 5 N 4 3-Keto-2:5-dinitrophenyl-3:4-dihydro-l :4-diazines (Ingham), 699. 

C M H 12 0 12 N a l:4-Di-oq^*trinitrophenyipiperazine (Le FfeVRE and Tuenee), 1121. 

Ci 6 H w ON 2-Acetyl-3-phenylindole (Manske, Peekin, and Robinson), 8. 

C 16 H 13 0 t Cl Methoxyflavylium chlorides (Ievine and Robinson), 2088. 

C I6 H 18 0 5 C1. Hydroxymethoxyflavylinm chlorides (Irvine and Robinson), 2091. 

Scutellareinidin chloride methyl ether (Chapman, Perkin, and Robinson), 
3038. 

5:6:7;4'-Tetrahydroxy-4-methylflavylium chloride (Chapman, Perkin, and 
Robinson), 3035. 

C ia H 13 0 8 Cl Rhamnetinidin chloride (Robertson and Robinson), 2206. 

CnHuON* Ketodihenzohexahydronaphthyridine, and its salts (Haworth and 
Pink), 2348* 

C 18 H 14 0 3 N 2 Nitrobenzylcinnamaldoximes (Brady and Klein), 879. 

Cx«H a4 0 6 N 4 Ethyl 2;4-dinitrobenzoylformate phenylhydrazone (Fairbouene and 
Fawson), 49. 

C 16 H 14 0 3 Cu Cnprimandelic aeid, salts of (Wark), 1755, 

C 16 H 14 0 8 N 8 l:4-Di-£>j?-dinitrophenylpiperazme (Le FkvRE and Turner), 1121. 

CxeHiaOaN Diacetyl-4-aminodiphenyl (Scarborough and Waters), 1139. 

Ci«His0 3 N 3 a-Phenylbntane-^ 7 -dione jS-TW-nitrophenylhydrazone (Manske, 
Perkin, and Robinson), 7. 

C 13 H 15 0 4 N 3 2;4-Dinitro-4 / -dimethylaminostilbene, and its chloroplatinate (His- 
BBT), 2083. 

Ci 3 Hi S 0 s N 3 Methyl j^'-dinitrodibenzylaminoformate (Baker), 568. 

CxaHxaONj ^-Acetamidobenzylidene-^-toluidine (Hodgson and Beard), 22* 

«*Phenylbntane-£y-dione ^.phenylhydrazone (Manske, Perkin, and Robinson), 7. 

CieHieON 4 Benzaldehyde acetophenone carbohydrazone (Brown, Pickering, and 
Wilson), 109, 
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FORMULA INDEX. 


CieHi 6 0 2 N4 Di-p-tolylformazylcarboxylic acid (Whiteley and Yapp), 526. 

C 16 H 17 0 2 N Methyl dibenzylaminoformate (Baker), 568. 

C 16 H 17 0 3 N AT-o-Methoxybenzyl-^-methoxybenzaldoxiine (Brady and Bennett), 
896. 

C 16 H 17 N 3 S Acetophenone 5-benzyl tliiosemicarbazone (Baird, Burns, and Wilson), 
2581. 

Benzylidene-5-a-phenylethylthiosenricarbazide (Baird, Burns, and Wilson), 

2532. 

Dibenzyl ketone thiosemicarbazone (Baird and Wilson), 2117. 

C 16 H 18 0 4 N 2 Bisnitrosyl-o-methoxybenzyl (Brady and Bennett), 897. 

C 16 H 18 N 2 Br a Dibromohexadiene dipyridinium salt (Farmer, Laroia, Switz, and 
Thorpe), 2950. 

CicHigON ^-Amino-a-etbyl-a/8-diphenylethyl alcohol, and its hydrochloride (Mc¬ 
Kenzie and Roger), 576. 

CieHsoOSi Diethoxydiphenylsilicane (Kipping and Murray), 2736. 

C 18 H 20 O 2 N 2 Acetamido-9-acetylhexahydrocarbazoles (Gurney and Plant), 1317. 

Ci a H 20 O 6 N 4 Mesoxalyldiurethane p-tolylbydrazone (Whiteley and Yapp), 525. 

C 16 H 20 NCI Phenyl-a-phenylethyldimethylammonium chloride (Evans, Marbott, 
and Turner), 1163. 

C 16 H 22 0N 2 Pinene nitrolanilide (Earl and Kenner), 1275. 

C la H 22 0 4 N 4 4:6-Dinitro-l:3-dipiperidinobenzene (Le FirvRE and Turner), 1118. 

C 16 H 28 0 2 N 8 l-Nitro-2:4-dipiperidinobenzene (Le PkvRE and Turner), 1117. 

C 16 H 28 0 s N Te trametbyladipanilic acids (Farmer and Kracoyski), 683. 

C 16 H 21 0*S Menthyl benzenesulphonate, decomposition and rotation of (Patter¬ 
son and McAlpine), 350. 

C 16 HseO e N 2 Tetramethyl 8-galactonolactone phenylhydrazide (Haworth, Hirst, 
and Jones), 2430. 

Tetramethyl mannonophenylhydrazide (Drew, Goodyear, and Haworth), 
1243. 

16 IV 

GxeH 8 0 s N 4 Cl 4 Anhydrodiketosnccinicacid2:4-dichlorophenylosazone (Chattaway 
and Humphrey), 1327. 

DicMorophenyl-4:5-diketopyrazoline-3-earboxylic acid dichlorophenylhydrazone 
(Chattaway and Humphrey), 1327. 

C 16 HsO s N 4 Bp 4 Anhydrodiketosuecinic acid 2:4-dibromophenylosazone (Chatt¬ 
away and Humphrey), 1325. 

l-2':4'-Dibromophenyl-4;5-diketopyrazoline-S-earboxylic acid 4-2 // :4 / '-dibromo- 
phenylhydrazone (Chattaway and Humphrey), 1325. 

Ci*Hio 0 8 H 4 CI 2 Anhydrodiketosuecinic acid chlorophenylosazone (Chattaway and 
Humphrey), 1327. 

Chlorophenyl-4:5-diketopyrazoline-3*carboxylic acid chlorophenylhydrazone 
(Chattaway and Humphrey), 1328. 

C 14 H 1D O a N 4 BP 2 Anhydrodiketosuecinic acid y?-bromopbenylhydrazone (Chatt¬ 
away and Humphrey), 1327. 

l-j3-Bromophenyl-4:5-diketopyrazoline-3-carboxylic acid 4-j?-bromopheny Ihy dr - 
azone (Chattaway and Humphrey), 1327. 

CxeHxoO^CU Diketosuccinic acid 2;4-dichlorophenylosazone (Chattaway and 
Humphrey), 1327. 

C 1# Hio0 4 N 4 Bp 4 Diketosnccinic acid 2:4-dibromophenylosazone (Chattaway and 
Humphrey), 1325. 

Ci t H n 0sN 4 Br l-Phenyl-4:5-diketopyrazoline-3-carboxylic acid 4-hromophenyl- 

(Gibson and Johnson), 


nydrazone (Uhattaway ana Humphrey), 215s* 
Cx^xxNClAS 7 -Chloro-7:12-dihydrotsoh6nzophenarsazine 
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C 16 H u NBl*As 12-Bromo-7:12-dihydrobenzophenarsazine (Gibson and Johnson), 
2513. 

Ci 8 H 12 0 2 NHS Benzophenarsazinic acids, and their salts (Gibson and Johnson), 
2511. 

cwwMwa. Diketosuccinic acid j?-chloropheny!osazone (Ch ATT AW AT and 
Humphrey), 1327. 

CxeH^OiNiBPa Diketosuccinic acid ^-bromophenylosazone (Chattawat and 
Humphrey), 1327. 

CxaHxaOsNjAs Benzoyloxy-1:4-dihydroqmnoxaline-6-arsinic acids (Ewins, New- 
bery, and Stickings), 853. 

C ie H I4 0 2 N 2 Br a Succino-p-bromoanilide (Barnicqat), 2928. 

C 16 H 14 0 8 NBP Benzoyl-6-bromo-j8-piperonylethylamine (Stevens), 184. 

CiiH 14 O s NAs 2-Naphthylaminophenylarsinic acids (Gibson and Johnson), 2511. 

CnHisO^Bp Substance, from piperazine and 4:4'-dibromo-3:2^dinitrodiphenyl 
(Le fIvre and Turner), 1121. 

CtfHxeOsNsSe* Di-o-formylmethylaminodiphenyl diselenide (Clark), 2806. 

C 16 H 16 N 4 Bp 6 S 2 l-Amino-5-methylbenzthiazole tribromide (Dyson, Hunter, and 
Morris), 1192. 

Ci«H 18 0 4 N 3 C1 Di-p-nitrobenzyldimethylammonium chloride (Stedman), 1905. 

C 16 H 20 O 3 NCl Chlorocamphoranilic acids (M. and R. Singh), 1995. 

Cx«H 2S 0 12 N 8 Co Aquo-2:6-dinitrophenoxobisethylenediammmocobaltic hydroxy- 
2:6-dinitrophenoxide (Duff and Bills), 2374. 

16 V 

Ci«H 3 0 O«N 2 S 2 Na 2 Sodium j?-sulphohenzeneazo-j8-naphthyl sulphite (King), 2644. 

Ci 6 H n 0 4 NCl 6 S Anhydro-2-££j8-trichloro-a-hydroxyethoxy«l-j8j88-triehloro-a-hydv- 
oxyethylbenzene-5-sulphonanilide (Chattawat and Morris), 2017. 

On Group. 

C 17 H 10 O 4 zsoBenzanthragallol (Cross and Perkin), 1303. 

Benzanthrapurpurin (Cross and Perkin), 1302. 

woBenzflayopurpurin (Cross and Bevan), 1305. 

C 17 H 12 0 4 a-(6-Hydroxymethylpiperonyl)cinnamolactone (Stevens and Robert¬ 
son), 2791. 

C 1? Hi 4 0 Oarajurih, and its salts (Chapman, Perkin, and Robinson), 3023. 

Ci 7 H 14 0 4 7-Acetoxyfiavanone (Ellison), 1722. 

C 17 H 14 0 5 3-(3':4 / -Dihydroxybenzylidene)-7-methoxychromanone (Perkin, RAy, 
and Robinson), 2097. 

C 17 H 16 0 2 l-Acetonyl-3-methyl-l:4-j8-naphthapyran (Dickinson and Heilbron), 
17. 

7-Methoxy-2-phenyl-5-methylbenzopyrylium hydroxide, ferriehloride of (Hirst), 
2494. 

Ci 7 Hxe0 8 Phenyl 3:4-dimethoxystyryl ketone (Dickinson, Heilbron, and Irving), 
1896. 

l:2:7-Trimethoxyanthracene (Macmaster and Perkin), 1309. 

C 17 H«0 4 3:4;6-Trimethoxyanthranol (Macmaster and Perkin), 1309.' 

Cx 7 H 16 0 5 3-(3 / ;4 , -Dihydroxybenzyl)-7-methoxyohromanone (Perkin, RAy, and 
Robinson), 2098. 

Phenacyl veratrate (Malan and Robinson), 2656. 

Cx 7 H 17 N Tetrahydroprotoberberine, and its salts (Chakravarti, Haworth, and 
Perkin), 2278* 

C 17 H 17 N 3 5-Keto-6-phenyl-2:3:4*.5-tetrahydropyridine 5-phenylhydrazone (ManSke, 
Perkin, and Robinson), 10. 

Cx 7 H*iH Benzyl-n-butylaniline, and its salts (Reilly and Drumm), 1395* a 
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(J 17 H 22 0 7 Methyl ethyl hydrogen 4 -methyl- 5 -c 2 /cZohexanespiro-A 1 -c 2 /c?openten- 3 * 
one-1:2: 4 -tricarboxylate (Ingold and Seeley), 1688. 

Gi 7 H 22 N a Benzyl-ft-butyl-^-phenylenediamine, and its salts (Reilly and Drumm), 
1396. 

Ci 7 H 26 0» Ethyl , 8 $-dicarbetb.oxy-y-ketopimelate (Robinson and Zaki), 2413. 

C 17 H 30 O 4 Tetrahydrongaiol acetate (McDowall), 734. 

17 III 

C 17 H 10 OS 2 l:3*Benzdithiale“2-j8-naphfchaquinone, and its hydrochloride (Hurtley 
and Smiles), 536. 

C^HnOA 3-Nitrobenzaldehyde-4-azo-£-naphthol (Hodgson and Beard), 28. 

C 17 Hi 2 0 2 N* 2 : 6 -Dibenzeneazopyrone (Mullen and Crowe), 1762. 

Ci 7 H ls O fi Bi? Dibromocarajurin {Chapman, Perkin, and Robinson), 3024. 

C 17 H 18 ON Oxyprotoberberine (Chakrayarti, Haworth, and Perkin), 2279. 

C 17 H ia 0 2 Cl Chlorohydroxydistyryl ketones (Heilbron and Hill), 921. 

c 17 h 14 o 3 N 4 Methyl l-phenyl-4:5~diketopyrazo3ine-3-oarboxylate 4-phenyl- 

hydrazone (Chattaway and Humphrey)* 2139. 

C 17 H 14 0 5 Bf 4 Oarajnrin tetrabromide (Chapman, Perkin, and Robinson), 3023. 

C 17 Hi 4 NC1 Protoberberininm chloride (Chakrayarti, Haworth, and Perkin), 
2279. 

c 17 h u ni Protoberberininm iodide (Chakrayarti, Haworth, and Perkin), 
2279. 

C 17 H 15 DtCl 7-Methoxy-2-phenyl-5-metkylbenzopyryUum chloride (Hirst), 2494. 

C 17 H 15 0 2 N Ethyl 3-phenylin&ole-2-carboxylate (Manske, Perkin, and Robin* 
son), 7. 

c„h 15 o, jN 5 3 : 5 -Diketo' 6 - 23 >tolueneazo- 2 : p-tolyltetrahydro-l: 2 : 4 -triazine (Whiteley 
and Yapp), 527. 

C 17 H 15 0 3 C1 3:4'-Dimethoxyflavylmm chloride (Robertson and Robinson), 2203. 

7-Hydroxy~4 / -methoxy-2*phenyl-5-methylbenzopyrylimn chloride (Hirst), 2494. 

Ci 7 H 15 6*C1 3;5:4 y -Trihydroxy-6:8-dimethylflaYylimn chloride (Robertson and 
Robinson), 2204. 

C 17 Hib0 5 C1 5:7-Dihydroxy-3':4'-(rimethoxyflavyliam chloride (Pratt, Robertson, 

. and Robinson), 1981. 

SiT-Dihydroxy-S^'-dimethoxyflavylium chloride (Chapman, Perkin, and Robin¬ 
son), 3039. 

SiSjS'iA'-Tetrahydvoxy-StS-dimethylflavyHnm chloride (Robertson and Robinson), 
2205. 

C 17 H 16 0 7 N 7 Di-o-nitroformazylcarboxylic acid urethane (Whiteley and Yapp), 
526. 

C l 7 H 1 ; O a N 3 wieso-l- 2 )-Hitrobenzoyl- 2 :3-dimethyl -1 iSiS^-tetrahydrocLiiinoxaline 
(Gibson), 344. 

c u h„ O 3 N 5 Fonnazylcarboxylic acid nrethane (Whiteley and Yapp), 526. 

G 17 H 17 0 4 N Piperonylmethyl-) 8 -piperonylethylamine (Malan and Robinson), 
2656. 

c 17 h 17 o 6 n 3 2-Yitro-4:5-dimetlioxypbenylpyruvic acid phenylhydrazone (Oxeord 
and Raper), 419. 

Ci 7 H x 8 ON 2 l-Benzoyl-2;3-dimethyl-l :2:3:4-tetrabydroqninoxalines (Gibson), 344. 

Ci 7 Hi 8 ON 4 Diacetophenonecarbohydrazone (Brown, Pickering, and Wilson), 
109. , ■ • 

CWH 18 0 8 N 2 5-Piiperidino-2-nitrodiphenyl ether (Le F^yre, Saunders, and 

v Turner), 1171. 

€i 7 Hjs0 4 N 4 4:6-pinitro-3-anilino-l-piperidmohenzene (Le FAvre and Turner), 

. 4-Nitro-2-benzyHdeaeamincHrietbylaniline (Burton and Gibson), 
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CnHjflOsN 2 : 6 -Dimethoxy- 4 -metliylbenz- 3 >-tolnidide (Robertson and Robinson), 

C 17 H 19 O 3 N 3 Phenyl j8-2-hydroxy-5-methoxyphenylethyl ketone semiearbazone 
(Irvine and Robinson), 2093. 

C 17 H 19 0 5 N Ethyl 8 -phthalimido-a-acetylvalerate (Manske, Perkin, and Robin¬ 
son), 8. 

C 17 H 20 ON 2 p-Nitrosobenzyl-w-butylaniline, and its hydrochloride (Reilly and 
Drumm), 1396. 

c„ H 20 N 2 S a-Di-fli-xylyl- 2 -thiocarbamide (Dyson, Georoe, and Hunter), 440. 

C 17 H as 0N a-Ethyl-A^^cfohexenylacet-p-toluidide (Kon and Narayanan), 1540. 

C 17 H a8 NI 4-Phenyl-l: 1 -di*7i-propylpiperidinium iodide (Mills, Parkin, and 
Ward), 2622. 

17 IV 

C 17 H 1 e 0 3 N 4 Br 4 Methyl l-2':4'-dibromophenyl-4:5-diketopy razoline- 3 -carboxylate 
dibromophenyl hydrazone (Chattaway and Humphrey), 1326. 

Ci 7 H 12 0 8 N 4 BP 3 Methyl l«p-bromophenyl-4:5-diketopyrazoline-3«carboxylate 
bromophenylhydrazone (Chattaway and Humphrey), 1327. 

C^HisOgNaSa Nitrobenzoylnaphthylaminedisnlphonic acids, and their sodium 
salts (Balaban and King), 8078. 

Ci 7 H 12 O 10 N 2 S 2 Nitrobenzoylamino-8-naphthol-3:6-disulphonic acids, salts (Bala¬ 
ban and King), 3090. 

c 17 H 12 0 11 N a s 8 m-Nitrobenzoyl-l-naphthylamine-4:6:8-trisulphonic acid, salts 
(Balaban and King), 3095. 

C 17 H 14 0 4 NBP Piperonylidene- 6 -bromo- 0 -piperonylethylamine (Stevens), 184. 

Ci 7 H 14 0 7 N 2 S 2 Aminobenzoylnaphthylaminedisulphonic acids, and their salts 
(Balaban and King), 3079. 

Ci 7 H 14 0 8 N 2 S a m-Ammobenzoylamino-8-naphthol-3: 6 -disulphonic acids, and their 
salts (Balaban and King), 3090. 

C 17 H 15 0 2 NS Acetyl-4-keto-2-phenyltetrahydro-l:5-heptabenzthiazine (Mills and 
Whitworth), 2745. 

Ci 7 H 15 0 8 N 3 Bp 2 o-Acetamidobenzoyl-a-acetyl-2:4-dibromophenylliydrazine (Chatt¬ 
away and Walker), 331. 

C 17 H 15 0*tf 4 Br 4-Bromo-2:3':5 / -trinitro-4'-piperidinodiphenyl (Le PkvitE, Moir, 
and Turner), 2338. 

C 17 H 18 0 2 N 2 Bf 2 Glntaro-p-bromoanilide (Barnicoat), 2928. 

C 17 H 16 0 2 N 2 S s-Bi-p-acetylphenylthioearbamide (Dyson, George, and Hunter), 
442. 

C 17 Hi 8 0 3 NBp Benzoylmethylbromopiperonylethylamme (Stevens), 185. 

Ci 7 H ls 02 N 4 S s-Di-^acetamidophenylthiocarbamide (Dyson, George, and 

Hunter), 444. 

C 17 H 20 0 1 N 2 S a-Diethoxyphenylthioearbamides (Dyson, George, and Hunter), 
441. 

l-p-Tolnenesulphonyl-2:3-dimethyl-l:2:3:4-tetrahydroquinoxalines (Gibson), 345. 

C 17 H m 0 4 N 2 S s-Bisdimethoxyphenylthiocarbamides (Dyson, George, and 

Hunter), 441. 

C M Group. 

C 18 H 12 As 2 Tri-o-phenylenediarsine (McCleland and Whitworth), 2753. 

Ci 8 H 14 0 4 Diacetoxyanthracenes (Green), 556. 

^-Diphenylnmconic acid (Farmer and Duffin), 411, 

Ci g H 14 0 f Diacetylflavopurpurin-anthranoJ (Cross and Perkin), 1304. 

C 18 H 16 0 2 4-Phenacyl-2-methyH:4-benzopyran (Heilbron and Hill), 924. 

C 18 H 18 0 4 /SjS'-Diphenyl-A^-dihydromnconic acids (Farmer and Duffin}, 412. 

C 18 HieBp 2 Dibromo-af-diphenylhexadiene (Farmer, Laroia, Swm, and 

Thorpe), 2955. 

* 3303 5 tj 



1811-18111 


FORMULA Iin>BX. 


C lt BUB?4 Tetrabromo-aC-diphenylliexatiiene (Farmer, Laroia, Switz, and 
Thorpe), 2956. 

C 18 H ie BFe Hexabromo-af-diphenylhexatriene (Farmer, Laroia, Switz, and 
Thorpe), 2956. 

CisHisOa 3-Meth.oxy-4-benzyloxystyryl methyl ketone (Dickinson, Heilbron, 
and Irving), 1895. 

OisHibO* i?-Anisyl 4-hydroxy-2-methoxy-6-methylstyryl ketone (Hirst), 2495. 

3 : 4 : 6 : 9 -Tetramethoxyanthranol (Macmaster and Perkin), 1308. 

C 18 H 19 N Anhydromethyltetrahydroprotoberberine, and its hydrochloride (Chak* 
ravarti, Haworth, and Perkin), 2280. 

C 18 H 20 0 2 Diethylphenylhydroxyphthalan (Barnett, Cook, and Hixon), 510* 

C 18 H 23 N Di(j9-phenylethyl)dimethylamine, picrate of (Hanhart and In-gold), 
1009. 

GisH&Og Ethyl 2 :3-dimethylcye Zobu tane- 1 : 1 :4:4-tetracarboxylate (Yogel), 1991. 

CisHjoOa Ethyl jSy-dimethylbutane-aaSS-tetracarboxylate (Yogel), 1990. 

Melezitose (Leitch), 588. * 

GigHgaOa Oleic acid, potassium hydrogen salt, crystalline (McBain and Stewart), 
1392. 

18 HI 

GigHtgOgASa Tri-o-phenylenediarslne oxide (McCleland and Whitworth), 
2755. 

C 18 H 12 Bf 4 As 2 Tri-o-phenylenediarsine tetrabromide (McCleland and Whit¬ 
worth), 2755. 

C 18 H 13 ON a Rutsecarpine, synthesis of (Asahina, Manske, and Robinson), 1708. 

C 18 Hi 3 OAs 10 -Phenylphenoxarsine (Aeschlimann), 415. 

C 18 H 13 O a As 10 -Phenylphenoxarsine oxide (Aeschlimann), 415. 

C 18 H»0 4 C1 4-Chloro-l:9-diacetoxyanthracene (Green), 2343. 

C 18 H 14 NAs 10-Phenyl-5: 10 -dihydrophenarsazine (Aeschlimann), 416. 

C 18 H 18 0 2 C1 4 '-Chloro- 2 -methoxydistyryl ketone (Heilbron and Hill), 923. 

Ci 8 Hi 5 0 4 N 6:7-Methylenedioxy-2-piperonylmethyl-3:4-dihydro25oqnmolininm 
hydroxide, picrate of (Malan and Robinson), 2656. 

C 18 Hi*0 8 N 4 Anhydrodiketosnccinic acid tolylosazones (Chattawat and Hum¬ 
phrey), '2795. 

*4:5-Diketo-l-tolylpyrazolinecarboxylic acid, tolylhydrazones (Ohattaway and 
Humphrey), 2795. 

C 18 H 18 0 4 AS 2 Phenylene-l: 2 -diphenylarsinic acid (McCleland and Whitworth), 
2754. 

C 18 Hi ? O s C1 4 / :7-Dimethoxy-2-phenyl-5-methylbenzopyrylinm chloride (Hirst), 
2494. 

C 18 Hi 7 0 4 C1 5:6;7-Trimethoxyflavylium chloride, and its ferrichloride (Chapman, 
Perkin, and Robinson), 3040. 

C 18 H 17 O ft Cl 5:7-Dihydroxy * 6 :4'-dimethoxy-4-methylflavylium chloride, and its 
fexrichloride (Chapman, Perkin, and Robinson), 3034. 
7-Hydroxy-3:2^4 / -trimethoxyflayylium chloride (Pratt, Robertson, and 
Robinson), 1982. 

CigH^OfiN AT-Formylpiperonylmethyl-jS-piperonylethylamine (Malan and 
Robinson), 2656. 

C 18 Hi 8 0 4 N 4 - Diketosuccinic acid tolylosazones (Ohattaway and Humphrey), 

■■ 2795. * 

CxgH^OgN S-Methoxy-l-fS'-methoxybenzylJ-S^-dihydrow^mnolinejand its picrate 
(Chakravarti, Haworth, and Perkin), 2270. 

CigH^OgN® ^ D^iacetophenonehydraridicarbohydrazone (Brown, Pickering, and 

Dibenzoyl derivative of j8-methyltrimethylenediamine (Mann), 2916. ' 
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CjsHaoOaNjj «-Phenylbutane-j8y-dione £-2:54imethoxyphenylhydrazone(MANSKir, 
Perkin, and Robinson), 7. 

C 18 H 20 O 4 N 2 4-Methoxy-w-oxalotoluidide (Dadswell and Kenner), 585. 

C 18 H 20 NI Tetraliydroprotoberberine methiodides ( Chakra yarti, Haworth, and 
Perkin), 2280. 

CisH^OsN O-Methoxy-l-^'-inethoxybenzyl)-! : 2 :3:4-tetrahy drofsoquinoline, and 
its salts (Chakrayarti, Haworth, and Perkin), 2270. 

C 18 H 21 O 4 N 3 Diacetyl derivative of substance C 14 H 18 ON 2 (Krishnamurti and Dey), 
1351. 

C 18 H 23 ON jS-Thujylideneacetanilide (Hugh and Kon), 2598. 

C 18 H 31 0N a Methylcydbhexanone 5-^-bomylsemicarbazones (Goodson), 1999. 

18 IV 

C 18 H 12 0 3 N 4 C1 4 Etbyl dichlorophenyldiketopyrazoline-3-carboxylate diehloro- 
phenylhydrazone (Chattaway and Humphrey), 1827. 

CigHxaOaNiBPi Etbyl dibromophenyl-4:5-diketopyrazoline-3-carboxylate dibromo- 
phenylhydrazone (Chattaway and Humphrey), 1326. 

CigHifiOCISi Phenoxydipbenylsilicyl chloride, and its action with sodium 
(Kipping), 2728. 

CjsH^OgNaCla Ethyl chlorophenyl-4:5-diketopyrazoline-3-carboxylate chloro- 
phenylhydrazone (Chattaway and Humphrey), 1328. 

C 18 H 1 40 3 N 4 Bp 2 Ethyl l-p-hromophenyl-4:5-diketopyrazoline-3-earboxylate bromo- 
phenylhydrazone (Chattaway and Humphrey), 1327. 

C 18 H 16 0*NBr 6:7-Methylenedioxy-2-piperonylmethyl-3:4-dihydrois(?qninolinium 
bromide (Malan and Robinson), 2656. 

C 18 H 18 0 2 N 2 Bf* Adipo-p-bromoainlide (Barnicoat), 2928. 

C 18 H 19 0 2 N 3 S Benzaldehyde ^-o-carbethoxybenzylthiosemicarbazone, and its 
hydrochloride (Baird, Burns, and Wilson), 2530. 

Ci 8 H 20 0 2 N 2 S Thiodipropiondianilide (Bennett and Soorah), 196. 

C 18 H 20 OeN 3 As 3-m-Nitrobenzamido-4-piperidinophenylarsinio acid, and its salts 
(King), 1054. 

Ci 8 H 22 0 4 N 8 As 3-m-Aminobenzamido-4-piperidinophenylarsinic acid, and its salts 
(King), 1054. 

C 18 H M 0 18 N U CO Aquopentamminocobaltic dinitrophenoxides (Duff and Bills), 
2370. 

C„H S , 7 0 9 N 8 Co p-Nitrophenoxopentamminocobaltic jp -nitrophenoxide (Duff and 
Bills), 2370. 

18 V 

C 18 HieON 2 Cl 6 Mo Diquinolininm molybdenyl pentachloride (James and Ward- 1 
law), 2148. 

Ci# Group. 

C I9 H 14 0 3 2-Phenyl-5-methyl-3:4*cQumalo-6-benzopyran (Heilbron and Hill), 
924. 

C 19 H 14 0 4 fsoBenzanthragallol dimethyl ether (Cross and Perkin), 1303. 
isoBenzflavopurpurin dimethyl ether (Cross and Bevan), 1808. 

Ci 9 Hi« 0 Benzhydryl phenyl ether (Heilbron and Hill), 2011 . 

C 12 H 18 0 6 9-Acetyl-3;4j6-trimethoxyanthranol (Macmaster and Perkin), 1309. 

C 19 H 18 0 7 Quercetin tetramethyl ether (Attree and Perkin), 239. 

CiftHtoQs 3-Homoveratryl-7-methoxychromanone (Perkin, Ray, and Robinson), 
2098. 

£iaH**0* Benzoyl-5-acetyM:3:3:4:4-pentamethylcycfopentan-l-ol (Vogel), 599. 

Ci»H 30 0 14 Tetraoarbethoxymethylfructosides (Allpress, Haworth, and Inkster), 
1235. 
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19 III 

CisH^OaNa Benzoyl-e-nitrodiphenylamine (Chapman), 1748. 
^-Nitrobenzoyldipbenylamine (Chapman), 1749. 
JV-Pbenylbenzimino-p-nitroplxerLyl ether (Chapman), 1745. 

CisHaeOaNa Benzenyl-^-nitrodiplienylamidine (Chew and Pyman), 2820. 

Ci 9 H 16 0S Dibenzylidanepenthianone (Bennett and Scorah), 199. 

CwHxeOaN* 3:5-Dibenzeneazo-2:6-dimethylpyrone (Mullen and Crowe), 1753. 

C 19 H 16 0 4 N a 6:7-Methylenedioxy-l-eyano-2-piperonylmethyl-l:2:3:4-tetrahydrow(?- 
quinoline (Malan and Robinson), 2657. 

Cx.HpOaN , 8:11 -Dimethoxyoxy pro toberberine (Chakravarti, Haworth, and 
Perkin), 2273. 

C 19 H 17 O 4 N 3 Ethyl l-phenyl-4-benzamido-5-ketopyrazoline-3-earboxylate (Ohatt- 
away and Humphrey), 2186. 

C 19 H a8 0aNa 6-Nitro-9-benzoylliexahydrocarbazole (Gurney and Plant), 1321. 

C 1 # H 18 0 8 N 4 tt-Propyl l-phenyl-4:5-diketopyrazoline-8-carboxylate 4-phenylhydr- 
azone (Chattaway and Humphrey), 2139. 

Cj 9 H 18 0 6 Bp 2 Veratrylidene-7-methoxychromanone dibromide (Perkin, Bay, and 
Robinson), 2097. 

CiaHxaOeNa 6:7-Metbylenedioxy-l-nitromethyl-2-piperonylmetbyl-l:2:3:4-tetra- 
hydroisoqninoline (Malan and Robinson), 2657. 

C lfi H 18 0 8 N 2 Methyl di-m-nitrobenzylmalonate (Baker and Eccles), 2127. 

C 19 H 19 ON 9 -Benzoyl-^a 7 Ls-hexahydrocarbazole (Gurney, Perkin, and Plant), 
2679. 

C 19 H 19 O s N 3 : 11 -Dimethoxydihydroprotoberberine, and its salts (Chakravarti, 
Haworth, and Perkin), 2271. 

C 19 H 19 0 4 C1 5-Hydroxy-3:4'-dimethoxy-6: 8 -dimethylflavylium chloride (Robert¬ 
son and Robinson), 2204. 

C 19 H 19 0 5 C1 6-Hydroxy-5:7:4-trimethoxy-4-methylflayylinm chloride, and its 
. ferriehloride (Chapman, Perkin, and Robinson), 3034. 
5:6:7:4'-Tetramethoxyflavyliuni chloride, and its ferriehloride (Chapman, Per¬ 
kin, and Robinson), 3037. 

C 19 H 19 0(jN 2 -Carbomethoxyveratrylidenepiperonylmethylamine (Malan and Rob¬ 
inson), 2655. 

CmH m 0 8 K[ 3:11-Dimethoxytetrahydroprotoberberine, and its salts (Chakravarti, 
Haworth, and Perkin), 2271. 

C lg H n 0 8 Na S-Methoxy-4-benzyloxystyryl methyl ketone semicaihazone (Dickin¬ 
son, Heilbrgn, and Irving), 1896. 

Ci 8 Hsa 0 8 N 5 Di-p-tolylformazylcarboxylic acid urethane ("Whiteley and Yapp), 
526. 

CwHisOjNj Glntarotolnidides (Barnicoat), 2928. 

C 19 H S 2 0«N a V eratrylidenemethoxychromanone oxamino-oxime (Perkin, Ray, 
and Robinson), 2097. 

19 IV 

C i 9 H 8 0 2 NC1 7 HeptacMoro-4-benzoyloxydiphenylamine (Bradfield, Cooper, and 
Orton), 2859. 

CifH 9 OHCl 8 iY- 2 :4: 6 -TricHoropheny lbenzimino- 2 :4: 6 -trichlorophenyl ether 

(Chapman), 1747. 

C 19 H 9 0*NC1 6 Hexachloro-4-benzoyloxydipbenylamine (Bradfield, Cooper, and 
Orton), 2858. 

CJiiANCls 2:6:2':4':6 / -Pentachloro-4-benzoyloxydiphenylamine (Bradfield, 
Cooper, and Orton), 2857. 

G l 9 H ls O s NBr 5 Pentabromo-d-benzoyloxydiphenylamine (Bradfield, Cooper, and 
*>. Orton), 2861. 

C 19 H u 0 2 N€I 4 2:6;2 / :4-Tetrachloro-4-hydroxydiphenylamine (Bradfield, Cooper, 
and Orton), 2857. 
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19IV—19 V 


C i# H 12 ONCl # Benxoyl-2:4:6-trichlorodiphenylamine (Chapman), 1748. 
iy-2:4:6-Triohlorophenylbenziminophenyl ether (Chapman), 1747, 

CiflH 12 0 2 NCl a 2:2 , :4 / -Trichloro-4-benzoyloxydiphenylamine (Bradfield, Cooper, 
and Orton), 2857. 

C 19 H 1S 0NC1 2 Benzoyl-2:4-dichlorodiphenylamine (Chapman), 1748. 
3:5-Dichloro-2-benzamidodiphenyl (Scarborough and Waters), 92. 
iV-2:4-Dichlorophenylbenzfminophenyi ether (Chapman), 1747. 

C 19 H 13 0NBP a 3:5-Dibromo-2-benzamidodiphenyl (Scarborough and Waters), 95. 

C 18 H 18 0 4 N 2 Bp ay-Diphthalimidoisopropyl bromide (Mann), 2912. 

C 19 H 4 0NC1 5-Chloro-2-benzanudodiphenyl (Scarborough and Waters), 93. 
Chlorobenzoyldiphenylamines (Chapman), 1748. 

Chlorophenylbenziminophenyl ethers (Chapman), 1746. 

C i9 H X4 0NBP 5-Bromo-2.benzamidodiphenyl (Scarborough and Waters), 94. 

C i9 H x4 0 2 NCl 4'-Chloro-4*benzoyloxydiphenylamine (Bradfield, Cooper, and 
Orton), 2856. 

C m H 14 0,NBp 4'-Bromo-4-benzoyloxydiphenylamine (Bradfield, Cooper, and 
Orton), 2860. 

C 10 H le OIAs lO-Phenyl-10-methylphenoxarsoniuni iodide (Aesohlimann), 415. 

C 19 Hi«0 8 NBr 6'-Bromo-5:6*dimethoxy-3':4'-methylenedioxy-l-benzoyl-3:4- 
dihydroisoqumoline (Haworth), 2284. 

C 19 H 17 0 2 N 2 I 2:2'-Dimethyloxacarbocyanine iodide (Hamer), 2803. 

C 18 H 17 NIAs 10-Plienyl-10-methyl-5:10-dihydrophenarsazoniimi iodide (Aeschli- 
mann), 416. 

C l9 H 1? N 2 IS 2 2:2'-Dimethylthiocarbocyanine iodide (Hamer), 2802. 

C 1# H 18 0NBf 6-Bromo-9-benzoylhexahydrocarbazole (Gurney and Plant), 1322. 

Ci 9 H 18 0 2 NC1 3:11-Dimethoxyprotoberberimum chloride (Chakravarti, Haw¬ 
orth, and Perkin), 2272. 

C 19 H i 8 0 2 NI 3:11 -Dimethoxy pro toberberinium iodide (Chakrayarti, Haworth, 
and Perkin), 2272. 

C 19 His0 4 NBP 6'-Bromo-5:6-dimethoxy-3^4'-methylenedioxy-l benzy 1-8:4-dihy dr o- 
woquinoline (Haworth), 2284. 

C 19 H2o0 2 N 2 Bp 2 Pimelo-jp-bromoanilide (Barnicoat), 2928. 

C I9 H 2Q 0 4 N 2 S s-Dicarbethoxyphenylthiocarbamides (Dyson, George, and Hunter), 
442, 

C 19 Hso0 8 BrN 6 / -Bromo-3':4'-methylenedioxyphenylaceto-j8-2:3-diinethoxyphenyl- 
ethylamide (Haworth), 2284. 

19 V 

C 19 H 8 0 2 NCl 8 Br 4 Trichlorotetrabromo-4-benzoyloxydiphenylamine ( Bradfield, 
Cooper, and Orton), 2864. 

Ci # Hi 0 ONCl a Br 2 Trichlorodibromo-4-benzoyloxydiphenylamine (Bradfield, 
Cooper, and Orton), 2862. 

Ci 2 Hio0 2 NCl 2 Br a Dichlorotribromo-4-benzoyloxydiphenylamina (Bradfield, 
Cooper, and Orton), 2862, 

Cj 2 H 10 0 3 NC1 7 S Heptachlorobenzoqninoneanil (Bradfield, Cooper, and Orton), 
2859. 

C^HnOtNClaBp Trichlorobromo-4-benzoyloxydiphenylaniine (Bradfield, 
Cooper, and Orton), 2863. 

Ci 9 Hix 0 8 NC1«S Hexachloro-4-toluenesnlphonyloxydiphenylamine (Bradfield, 
Cooper, and Orton), 2858. 

CisHuOjNBFsS Pentabromo-4-p-toluenesulphonyloxydiphenylamine (Bradfield, 
Cooper, and Orton), 2860. 

C 19 Hi 2 O a NCl 8 S 2:6^ / :4 / :6 , -Pentachloro-4*toluenesnlphonyloxydiphenylamine 
(Bradfield, Cooper, and Orton), 2857. 
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C 19 His0 s NC 1 4 S 2:6:2'i4Vretrachloro-4-,p-toliienesulphonyloxydiphenylamine 
(Bradfield, Cooper, and Orton), 2857. 

CuHuOsNClaS 2:2':4 / -Trichloro4*j?-toluenesiilphonyloxydiphenylainine (Brad- 
field, Cooper, and Orton), 2857. 

CuHuO 3 NBr 3 S Tribromo-4-p-toluenesulphonyloxydiphenylainine ( Bradfield, 

Cooper, and Orton), 2860. 

0igHi6O 2 NBpS 4'-Bromo4-£4oluenesulphonamidodiphenyl (Bell and Robinson), 
1181. 

19 VI 

C 19 H 12 O 3 NCI 2 BP 3 S Dicixlorotribromo-4-^-toluenesulplionyloxydiphenylamine 
(Bradfield, Cooper, and Orton), 2862. 

C 19 H 12 0 3 NCl 3 Br a S Trichlorodibromo-4-#4oluenesulphonyloxydiphenylamine 
(Bradfield, Cooper, and Orton), 2862. 

C 19 H 13 0 3 NC1 3 BpS Trichlorobroniosulphonyloxydiphenylataine (Bradfield, 

Cooper, and Orton), 2863. 


C 2 o Group. 

€ s0 HiaO 4 Benzanthrapurpurin trimetliyl ether (Cross and Perkin), 1302. 

C aQ H lg O Benzliydryl j?-tolyl ether (Heilbron and Hill), 2011. 

C 20 H 26 S Di-a-phenylbutyl sulphide (Evans, Mabbott, and Turner), 1167. 

C ao H 32 0 14 Tetraearbethoxy y-ethylfrnctoside (Allpress, Haworth, and Inkster), 
1236. 

C 20 H 38 0 13 2:3:4:5-Tetramethylgluoonic acid (Haworth, Loach, and Long), 3154. 

C«m)H 4 o 02 Acid, from oxidation of %-triacontane (Francis and Wood), 1000. 

20 III 

QMtiS. 2:S-Di(3';5'-dinItrophenyl)qninoxaline (Chattaway and Coulson), 
579. 

C 20 H 12 0 4 N 4 2:3-Di(3'«nitrophenyl)qninoxaline (Ohattaway and Coulson), 578. 

CUH w 0»N« 3:5iS'iS'-Tetranitrobenzil phenylhydrazone (Chattaway and Coulson), 
579, 

C ao H 13 0 2 N 4-Phthalimidodiphenyl (Scarborough and Waters), 1140. 

C*J0[i 4 O 5 N 4 3:3'-Dinitrobeuzil phenylhy drazone (Chattaway and Coulson), 578, 

CmHi 3 0 3 N 2 2-Acetyl-3-i5-phthallmidoethylindole (Manske, Perkin, and Robin¬ 
son), 11. 

C2oH 16 0 4 N 2 ay-Diphthalimido-i9-inethylpropane (Mann), 2015. 

C»H 17 0,N iV-Phenylbenziminoanisyl ethers (Chapman), 1745. 

Benzoylmethoxydiphenylamines (Chapman), 1748. 

C 26 H l7 0 2 N 3 Benzenylmethyl-jo-nitrophenylamidophenylimidine, and its salts 
(Chew and Pyman), 2321. 

GgeHtfOaCl 3-o-Hydroxyphenyl-5-ehlorostyryl-A 5 -e^<:foliexen-l-ones (Heilbron 
and Hill), 922. 

C*oH m 0 2 N Anhydromethyl-3:ll-dimethoxytetrahydroprotoberberine, and its 
hydrochloride (Chakravarti, Haworth, and Perkin), 2274. 

OiMA f'Phthalimidohexane*^y*dione y-phenylhydrazone (Manske, Perkin, 
and Robinson), 9. 

CsoHaoOsir* «-Butyl l-phenyl-4:5-diketopyrazoline-3-carhoxylate 4-phenylhydr-- 
azone (Chattaway and Humphrey), 2139. 

Ethyl 4;5-diketo-l-tolylpyrazolinecarboxylate tolylhydrazones (Chattaway and 

,, Humphrey), 2796. 

o»h ! 0 o 4 n, iV-Methyl-W-i3-piperonylethyl-6-aininomethylhomopiperonylonitrilr 
(Stevens), 182. 

C^HtoO^s Ethyl bis-p-mtrobenzylacetoaeetate (Burgess), 2019. 
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20 III—21II 


C 20 H 21 O 4 N 3 f-o-Carboxybenzamidohexane-jSy-dione 7 -phenylhydrazone (Manske, 
Perkin, and Robinson), 8 . 

C 20 H 21 O 5 CI 5:6:7:4 / -Tetramethoxy-4~metliylflayyliuin chloride, and its ferrichloride 
(Chapman, Perkin, and Robinson), 3035. 

C 2 oH 21 OflN i^-Methyl-i^-iS-piperonylethyl-a-aminomethylhoinopiperonylio acid 
(Stevens), 187. 

.CmQhOA iV-Methyl-JV-^-piperonylethyl- 6 -aminomethylhomopiperonylamide 
(Stevens), 183. 

C 20 H 24 0 2 N 3 Adipotoluidides (Barnicoat), 2928. 

GjoHjeOgS yy'-Dibenzylosyclipropyl sulphide (Bennett and Hock), 480. 

C 2 oH 2 60 3 S Menthyl naphthalenesulphonates, rotation and decomposition of ( Pat¬ 
terson and MoAlpine), 353. 

C 30 H 26 NI 4-Phenyl-l-benzyl- 1 -ethylpiperidinium iodides (Mills, Parkin, and 
Ward), 2621. 

20 IV 

C 20 H lfi O 2 N 2 Bi Triphenylbismuthine dicvanate (Challenger and Wilson), 211 . 

C 2 oH 15 0 2 N 2 Sb Triphenylstibine dicyanate (Challenger and Wilson), 211. 

C 20 H 16 O 3 N 4 BP 4 %-Butyl dibromophenyl-4:5-diketopyrazoline-3-carboxylate di- 
bromophenylhydrazone (Chattaway and Humphrey), 1326. 

C 2 oH lfl 0 8 N 2 Be Beryllium nitrobenzoylacetones (Burgess), 2018. 

GxRMS 3-Nitro-4-j?-toluenesulphonmethylamidodiphenyl (Bell and Robin¬ 
son), 1129. 

C 2 oH 18 04 N 4 Br 4 Ethyl diketosuccinate 2 : 4 -dibromophenylosazone (Chattaway 
and Humphrey), 1326. , 

C 2 oH 19 04 N 2 Bp j^-Metbyl-iF-S'-bromo-fl-piperonylethyl-S-aminomethylhomopiper- 
onylonitrile, and its salts (Stevens), 185. 

C 2 oH 2 o0 4 N 3 C1 f-o-Carboxybenzainidobexane-^y-dion e 7 -m-chlorophenylhydrazone 
(Manske, Perkin, and Robinson), 10. 

C 20 H 22 0 2 N 2 BP 2 Subero-p-bromoanilide (Barnicoat), 2928. 

C 20 HMO 5 CI 4 F 8 S-Hydroxy-S-.S'^'-trimetboxy-erS-dimetbylfiavylimn ferrichloride 
(Robertson and Robinson), 2204. 

CaoHjuOaNCI Sill-Dimethoxytetrahydioprotoberberine methochlorides (ChakrA- 
varti, Haworth, and Perkin), 2274. 

c 20 h 24 o 2 ni 3 : 11 -Dimethoxytetrahydroprotoberberine methiodides (Chakravarti, 
Haworth, and Perkin), 2273. 

20 V 

CaoHiaOeHaSjsHaj Sodium 4-sulpho-a-naphthaIeneazo-j8-naphthyl sulphite (King) 5 
2644. 

CaoH^KiBPeS, l-Amino-5-carbethoxybenztbiazole tribromide (Dyson, Hunter, 
and Morris), 1190. 

C01 Group. 

C 21 H 12 0 6 Benzoylalizarin (Green), 2931. 

C 2 iHi 4 0 2 Benzo-jS-naphthas^wVopyran (Dickinson and Heilbron), 1702. 

c 21 H 14 a 5 2:5-Dihydroxybenzaldehyde dibenzoate (Hodgson and Beard), 2340. 

C 2 xHi 4 0 8 Diacetylisobenzanthragallol (Cross and Perkin), 1302. 

Diacetylisobeniflavopurpurin (Cross and Perkin), 1305. 

CaiHuCl* 1 :5-Dichloro-9-phenyl-l 0-methylene-9: 10 -diliydroanthracene (Barn¬ 

ett, Cook, and Wiltshire), 1731. 

C»H 16 0 2 4 -Hydroxy-2:2-diphenyl-A 3 -chromea (Heilbrox and Hill), 2010. 

c„h 18 n 2 Amino- 2 :4-dipbenylquinolines (Fawcett and Robinson), 2258. 

C 2 iH 18 0 2 2 -BenzoyIdi-^-tolyl ether (Reilly and Drumm), 2818. 

C 21 H 20 0 8 Acetylquercetin tetramethyl ether (Attree and Perkin), 239. 
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C 21 H 2 Ao woQuercitrin {Attree and Perkin), 237. 

C 21 H 2 oO ia Quercimeritrin (Attree and Perkin), 237. 

CnH M Ou 4-0-Tetra-acetyIglucosidoxy-2-hydroxybenzaldehyde (Robertson and 
Robinson), 245. 

C 21 H 82 0it Ethyl ajSjSMricarbethoxywobutyrylsuccinate (Robinson and Zaki), 
2413. 

€ 2 iH*o0 12 Methyl octamethyl cellobionate (Haworth, Long, and Plant), 
2813. 

Methyl octamethyl-lactobionate (Haworth and Long), 547. 

21 III 

C 21 fii&OCl 2-Styryl-£-naphthapyryHum chloride (Dickinson and Heilbron), 18. 

C ai Hi 5 OjCl 3^-Hydroxystyryl»j3-naphthapyrylium chloride (4- 2H a O) (Dickin¬ 
son and Heilbron), 18. 

CaiHjsOj 01 2-Chlorostyryl-5-mefchyl-3:4-coumalo-6-benzopyrans (Heilbron and 
Hill), 921. 

C 2 ,H tt O a N Benzoyl-^acetyldiphenylamine (Chapman), 1748. 

iV-Phenylbenziminoacetylphenyl ethers (Chapman), 1746. 

C 21 H 17 N 2 BPa o-Bromobenzylidene di-o-bromobenzylhydrazirie (Kenner and Wil¬ 
son), 1111. 

CaiHjgOsN* <»w-Dichloro-5-carboxy-2-hydroxyacetophenone osazone (Chattaway 
and Prats), 691. 

C 21 H 18 O 4 N 2 6-Methoxy*2-aceM-3-£-phthalimidoethylindole (Manske, Perkin, 
and Robinson), 18. 

C 21 H 18 N 2 Bp 2 Benzylidenedi-o-bromobenzylhydrazine (Kenner and Wilson), 1111. 

C 21 H Ifl 0 2 N 3*Benzoylaminodi-^?-tolyl ether (Reilly and Barrett), 1400. 

C 21 H 2 AN s £ , -Phthalimidohexane-/37-dione 7 -?n-methoxyphenylhydrazone 
(Manske, Perkin, and Robinson), 12. 

C-nHaiOgN Oxypalmatine (Haworth, Koepfli, and Perkin), 553. 

CsiH 2 iO a Cl 8-j8-$lucosidoxy-7*hydroxyflavylium chloride (Robertson and Robin¬ 
son), 244. 

Normethylstry chnine (Clemo, Perkin, and Robinson), 1624. 

Strychnine (Oxford, Perkin, and Robinson), 2380. 

CftHaaO^BPi 3:3':4;4'*Tetramethoxydistyryl ketone tetrabromide (Dickinson, 
Heilbron, and Ikying), 1892. 

CaiHjfcOaN* C^-Carboxybenzamidohexane- 07 -dione / 8 -w-methoxyphenylhydrazone 
(Manske, Perkin, and Robinson), 12 . 

CaxHjiONa zsoStrychnidine (Oxford, Perkin, and Robinson), 2404. 

CuHaAtfa Dihydrostrychnines (Oxford, Perkin, and Robinson), 2393. 

C«H m 0 3 N 2 Sfcrychnidone (Olemo, Perkin, and Robinson), 1613. 

oMfcrychnidone (Olemo, Perkin, and Robinson), 1615. 

CjuHisONa Aminostrychnidine (Oxford, Perkin, and Robinson), 2408. 

C a xH w O s N 3 Strychnidone oxime (Clemo, Perkin, and Robinson), 1614. 

GaiHuOftN Tetrahydropalmatine (Haworth, Koepfli, and Perkin), 553. 

G*iH*fiO s N 3:11-Dimethoxytetrahydroprotoberberine methooarbonate (Chakra- 
varti, Haworth, and Perkin), 2274. 

C n H«ON 2 Dihydros trychnidines (Oxford, Perkin, and Robinson), 2399. 

C a H»0 2 N*s Pimelotolnidides (Barniooat), 2928. 

i y Teferahydrostrychnine (Clemo, Perkin, and Robinson), 1600. 

Anhydromethoxymethylstrychnidonic acid (Clemo, Perkin, and 
Robinson), 1616. 

Dioxyhydroxydihydrosfcrychnidine (Oxford, Perkin, and Robinson), 2407. 

; GjiHjaOjNj Hexahydrostrychnine (Oxford, Perkin, and Robinson), 2403. 
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C w H 2 8 0 «Na Dioxyhydroxyhexahydrostrychnine (Oxford, Perkin, and Robinson), 

2407. 

Methoxymethylstrychnidonic acid (Clemo, Perkin, and Robinson), 1616. 

C al H 8 i0 4 N 5 2:4-Dinitro-l:3:5-tripiperidinobenzene (La FAvre and Turner), 1119. 

OsiHsfiONs isoPulegone $-d-bornylsemicarbazone (Goodson), 1998. 

21 IV 

CuHuOuiNsS* 5-Carbamides of naphthylaminedisulphonic acids, sodium salts 
(Balaban and King), 3086. 

CaxHieOisNA s-Oarbamide of 2:8-aminonaphthol-3:6-disulphonic acid, salts 
(Balaban and King), 3094. 

C 2 iH 21 0 2 N a I 2:2'-Diethyloxacarbocyanine iodide (Hamer), 2803. 

C 21 H 2 iN 2 IS 2 2:2'-Diethylthiocarbocyanine iodide (Hamer), 2802. 

C ai H 81 0 2 N 2 BF 2 Azelo-p-bromoanilide (Barniooat), 2928. 

C n H a5 ON a I Strycbnidins bydriodide (Clemo, Perkin, and Robinson), 1600. 

C ai H 29 0 4 NS Benzenesulphonngaiylamide (McDowall), 738. 

C 22 Group. 

C 22 H ie 0 2 Methylbenzo-jS-naphthaspzropyrans (Dickinson and Heilbron), 1702. 

C 22 H 16 C1 2 l:5-DicblorO'9-phenyM0-ethylidene-9:10-dihydroanthracene (Barnett, 
Cook, and Wiltshire), 1731. 

C 22 H 18 0 2 :2-Diphenylmethyl-A s -chromens (Heilbron and Hill), 2010. 

C aa Hi 8 0 2 4-Methoxy-2;2-diphenyl-A 8 -chromen (Heilbron and Hill), 2010. 

C 22 H 18 O 4 2*o-Carboxybenzoyldi-j?-tolyl ether and its silver salt (Reilly and 
Drumm), 2816. 

C aa Hi 8 0 8 Tetra-acetylflavopurpurin-anthranol (Cross and Perkin), 1305. 

CmHisN* 8 -Methoxy-2:3-diphenvl- 5-metbylqninoxaline (Dadswell and Kenner), 
683. 

CS 2 H 20 O 2 2:4-Diphenyl-3-methylehroman-2-ol (Heilbron and Hill), 2012. 

Ethyl triphenylmethane-o-carboxylate (Barnett, Cook, and Hixon), 607. 

C 2a H a2 0 Diphenyl-o-tolyl carbinyl ethyl ether (Boyd and Hatt), 906. 

C 22 H 22 O 4 Ethyl£8'-diphenylmuconate (Farmer and Duffin), 411. 

C 22 H 2 e0 1 i tt-G-Tetra-acetyl-£-glucosidoxyacetophenone (Robertson and Robin¬ 
son), 243. 

C a *H 4a 0 2 isoErucic acid, and its zinc salt (Mirchandani and Simonsbn), 371. 

22 III 

C 32 H 15 0 3 C1 3-3':4'-MethylenedioxystyTyl-j3-naphthapyrylium chloride (Dickinson 
and Heilbron), 19. 

C 2a Hi»N 4 S Di-jS-naphthyliminotetrahydrothiodiazole (Baird, Burns, and Wil¬ 
son), 2533. 

C 22 H 17 0 2 C1 3 -^Methoxystyryl-£-naphthapyrylinm chloride (Dickinson and 
Heilbron), 18. 

C^OaCl S-S'-Methoxy-i'-hydroxyatyTyl-jS-naphtbapyrylium chloride (+ 211*05 
(Dickinson and Heilbron), 18. 

CaaHigOgNi Ethyl «£-di*j7-nitrophenyl-a/8.dicyanosuccinate (Fairbourne and 
Fawson), 49, > 

C 2a H 18 N 4 S a HydrazineditMocarbo-^-naphthylamide (Baird, Burns, and Wil¬ 
son), 2533. 

C^seOsOu Copper bydroxymethyleneacetoveratrone (Pratt, Robertson, and 
Robinson), 1981. 

CgfHssOioCl 4'-j8-Glucosidoxy-6:7-dihydroxy-3-methoxyfiavylimn chloride 
(Robertson and Robinson), 1714. 
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FORMULA INDEX. 


CeHmOA 4:4:5<Trimefchyl'A 5 -c^opQntene-l;3-dicarbai]ilides (Bhagvat and 
Simonsen), 85. 

CmHjsOftNs 2:5:3 , ’Trinitro-4:4 , -dipiperidinodiphenyl (LB F&yre, Moib, and 
Turner), 2338. 

C 22 H 26 ON 2 Me thyl-f strychnidine, and its salts (Clemo, Perkin, and Robinson), 
1608. 

C 22 H 27 O 4 N Anhydromethyltetrahydropalmatines (Haworth, Koepfli, and Per¬ 
kin), 2264. 

C22H27O5N Cryptopalmatine, and its hydrochloride (Haworth, Koepfli, and 
Perkin), 2264. 

0JBWMT Methyl N- veratrylethyl* 3: 4 -dimethoxyhomophthalamate (Haworth> 
Koepfli, and Perkin), 552. 

GssHssONs Methyldihydrostrychnidine, and its salts (Clemo, Perkin, and Rob¬ 
inson), 1621,* (Oxford, Perkin, and Robinson), 2402. 

CasHsA^ Subero-o-tolmdide (Barnicoat), 2928. 

C22H22O4N2 Akuammine, and its salts (Henry and Sharp), 1954, 

22 1V 

CajHiaOsNeC^ w«*Dichloro-3:5-dinitro-2-ethoxyacetophenone osazone (Chatt- 
away and Morris), 2016. 

C 22 H 25 O 2 N 2 BP Strychnine methobromide (Clemo, Perkin, and Robinson), 
1599. 


e a2 H 25 O a N 2 I Normethylstrychnine methiodide (Clemo, Perkin, and Robinson), 
1625. 

G 22 H 26 O 2 H 2 BP 2 Sebaco-p-bromoanilide (Barnicoat), 2928. 

CUBU>AS 3:3-Dinitro-4:4'-dipiperidinodiphenylsulphone (Le FAvre and 
Turner), 1117. * 

Methyk^strychmdmium chloride (Clemo, Perkin, and Robinson), 

Strychnidine methochloride (Clemo, Perkin, and Robinson), 1601. 
CJM)N 2 BF Strychnidine methobromide (Clemo, Perkin, and Robinson), 1601. 
CasH^ONal Methylneostrychnidinium iodide (Clemo, Perkin, and Robinson), 
1611. 

CsjHttOsNJ Dihydrostrychnine methiodides (Oxford, Perkin, and Robinson), 
2395. 


C^ONaCl 

1611. 


CaaH^OigHioCo Aquo-2:4-dinitrophenoxobisethylene diamminocohaltic 2:4-di- 
nitrophenozide (Duff and Bills), 2374. 

WM 4 NCI Tetrahydropalmatine methochlorides (Haworth, Koepfli, and 
Perkin), 2263. 

GmBWWNI Tetrahydropalmatine methiodides (Haworth, Koepfli, and 
Perkin), 2263. 

CWM^Cl Dihydrostrychnidine methochloride (Oxford, Perkin, and 
Robinson), 2401. 

Methybifiodibydrostrychnidinium chloride (Clemo, Perkin, and Robinson), 
1623. 

C-aHnONJ Dihydrosfcryehnidine methiodide (Oxford, Perkin, and Robinson), 
2400. 

Methyljwdihydrosia-ychnidininm iodide (Clemo, Perkin, and Robinson), 1623. 

C S2 H M 0 lft N 7 Co Aquo-p-nitrophenoxobisethylenediamminocobaltic jniitrophen- 
. oxide (Duff and Bills), 2373. •> 

|P : r, C» Group. 

GsaH^O? Triacetylbenzanthrapnrpnrin (Cross and Perkin), 1301. 

5:6-(2 / :3 / -Diphenylpyrrolo)(4';5')-qninoline, and its salts (Fawcett and 
Robinson), 2256. 
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FORMULA INDEX, 


23II—28IV 

Ca 3 H 18 O a l:2-Dibenzoyloxy-3-allylbenzene (Perkin and Trikojus), 1665. 

C 23 H 18 C1 2 l:5-Dichloro-9-phenyl- 10 -propylanthracenes (Barnett, Cook, and 
Wiltshire), 1731. 

l:5-Dichloro-9-phenyl-10*propylidene-9:10-dihydroanthracene (Barnett, Cook, 
and Wiltshire), 1731. 

CsaHzoO 2:2-Diphenyldimethyl-A 3 -chromens (Heilbron and Hill), 2011. 

C M H a 2 0 a Diphenyl- 2 -hydroxy -£:4 - dim ethyls tyryl car binol (Heilbron and Hill), 

2011. 

C^HsaO* O-Triacetyldihydrocarajurinol (Chatman, Perkin, and Robinson), 
3024. 

0^2605 3:3'-Dhnethoxy-4:4'-diethoxydistyryl ketone (Dickinson, Heilbron, 
and Irving), 1894. 

PasH^Oa Methyl isoemcate (Mirchandani and Simonsen), 375. 

23 III 

CaaHtfON i^-Phenylbenzirainonaphthyl ethers (Chapman), 1745. 

Ca*Hi 7 ONa 9-Methylcarbazole-3-azo-£-naphthol (Burton and Gibson), 2386. 

C 23 H 17 O 6 CI O-Benzoylacacetinidin chloride (+H a O) (Pratt, Robertson, and 
Robinson), 1978. 

CaaHjaO 3 C1 S-S'li'-Dimethoxystyryl-jS-naphthapyrylium. chloride (Dickinson 
and Heilbron), 19. 

CasHaoOeN* Ethyl dibenzeneazochelidonate (Mullen and Crowe), 1752. 

CjjHjiQ 4 C1 Ethyl 3 - 0 -hydroxyphenyl- 5 -chlorostyryl-A 5 -cyc&>hexen-l«one- 2 -carb» 
oxylates (Heilbron and Hill), 921. 

CasH 21 NaI l:l'-Dimethyl-4:4 , -carbocyanino iodide (Hamer), 2801. 

C 23 H 22 O v N 2 Ethyl dibenzeneazoacetonedioxalate (Mullen and Crowe), 1752. 

CasHj^OsNa O-Acetyl&ostrychnine (Oxford, Perkin, and Robinson), 2396. 

CaaHasOsNa O-Acetyldihydro&ostrychnine (Oxford, Perkin, and Robinson), 
2398. 

C^H^N* Brucine methohydrogencarbonate (Gulland, Perkin, and Robin¬ 
son), 1635. 

C&HftsOsNg Brncidine and its salts (Gulland, Perkin, and Robinson), 1636. 

CjsHjgOj N 4 S:3^Dinitro-4:4'-dipiperidinodiphenylmethane (Le FAvre and 
Turner), 1120, 

C 28 H 29 0 5 N s Tetrahydrobrudne nitrosoamine, and its hydrochloride (Gulland, 
Perkin, and Robinson), 1639. 

CasHaoOsNa Azelotoluidides (Barnicoat), 2928. 
Methoxymethyldihydrostrychnidme (Clemo, Perkin, and Robinson), 1602, 
ti-N - onanedicarboxyanilide (Barnicoat), 2928. 

CagHaoOaNa Oxymethoxymethyl dihydrostrychnidines (Clemo, Perkin, and 
Robinson), 1604. 

CasHsoOsN*, Strychnidone disemicarbazone (Clemo, Perkin, and Robinson), 
1614. 

0 * 11 * 03 , Tetrahydrobrncine, and its salts (Gulland, Perkin, and Robinson), 
1638. 

CaaHaaOjJNFa Methoxym ethyltetrahydrostrychnidine, and its salts ( Clemo, Perkin, 
and Robinson), 1617. 

23 IV 

CaaHaiN 2 BpS a 2 : 2 VDiallylthiocarbocyanine bromide (Hamer), 2802, 

CasHasOaNsS 4 -j?-Sulphobenzeneazobenzyl- 7 i-butyIaniline, and its sodium salt 
(Reilly and Drumm), 1396. 

GasHasOaNaBPa w-Honanedicarboxy-jp-bromoanilide (Barnicoat), 2928. 

PasHagOeNaS Strychnine methosulphate (Clemo, Perkin, and Robinson),: 
1599. 
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23IV—24 III 


FORMULA INDEX. 


C 2 sH 29 ON 2 I Methyl-$-strychnidine metliiodide (Clemo, Perkin', and Robinson), 
1610. 

C 23 HS 0 O 5 N 2 S Strychnidine methosulphate (Clemo, Perkin, and Robinson), 
1600. 

isoStrychnidine methosulpliate (Oxford, Perkin, and Robinson), 2405. 

CasHaoOJRfaS Dihydrostrychnine methosulphates (Oxford, Perkin, and Robin¬ 
son), 2694. 

C 23 H 32 ONJ 2 Dihydrostrychnidine dimethiodide (Oxford, Perkin, and Robin¬ 
son), 2402. 

C 23 H 32 O 5 N 2 S Dihydrostrychnidine methosulphate (Oxford, Perkin, and Robin¬ 
son), 2400. 

C a 3 H S 20 7 N 4 As 3 s-Oarbamido-3-ammo-4-piperidmophenylarsinic acid, and its 
magnesium salt (Kino), 1054. 

C 24 Group. 

C sl Hi,iNj Substance, from oxidation of carbazole (McLintock and Tucker), 

1221. 

CmHxsNs 6 -Methoxyphenacylideneflavene (Irvine and Robinson), 2093. 

^HssOj 2 -Hydroxy- 5 -methoxybenzylidenediacetophenone (Irvine and Robin¬ 
son), 2088, 

4-Methoxy-2:2-dianisyl-A s -chromen (Heilbron and Hill), 2010. 

C 24 H 26 N 5 3«^-Dimethoxyphenyl-5-mj>dimethoxystyryl-A 5 -c^c7ohexen-l*-one 
(Dickinson, Heilbron, and Irving), 1892. 

C^HgsNg 8 j 8 -pp'-Tetmmetbyldiaminodiphenylstyrene and its dihydrochloride 
(Rqdd and Linoh), 2185. 

C 24 H 28 0* 3:4-Dimetboxystyryl methyl ketone, dimeride (Dickinson, Heilbron, 
and Irving), 1893. 

C 24 H 29 N 3 pp'-Tetramethyldiammodiphenyl-o-tolylmethylamine(EoDD andLiNCH), 

. 2177- 

24 III 

C«H 12 N a BP 4 3:6:S^6'-Tetrabromo-9:9Micarbazyl (McLintock and Tucker), 
1216. 

^aiHigNal* 3:6:3':6'-Tetraiodo-9:9'-dicarbazyl (McLintock and Tucker), 1218. 

0 18 N 2 4 : 4 '-Bis-c( 33 -dinitrophenyl- 2 : 2 / -dixiitrodiphenylamine (Le Fj&jvre, 
Moir, and Turner), 2337. 

C 24 H 37 0 6 N 3 Dibenzoyl-l-phenyl-4-amino-5-ketopyrazoline-3-carboxylic acid 

(Chattaway and Humphrey), 2136. 

CadHiaONa 2-Keto-l~methyl-5:6-(2':3'-diphenylpyTrole) (4 / :5 / )'l:2-dihydroquinoline 
(Fawcett and Robinson), 2257. 

Ketophenylethyldibenzodihydronapkthyridine (Haworth and Pink), 2347. 

C m H 1s 0jN 2 1 : 8 -Naphthaldianilide (Davies and Leeper), 1127. 

C m H 13 0 4 N o-Nitrobenzylidene-iV-j8'phenylethylhomophthalimide (Haworth and 
Pink), 2847. 

CuHtsOaNs o-Nitrobenzylidene-xV-^S-phenylethylhoniophtbalimidG (Haworth and 
Pink), 2347. 

CjwHajOaSi Diphenoxydiphenylsilicane (Kipping), 2731. 

GuHaoOA wteso-l:4-Di-m-nitrobenzoyl-2 ;3-dimetbyl-l *.2:3:4-tetrabydroquinoxal- 
ine (Gibson), 844. 

Retophenylethyldibenzohexahydronaphthyridine . (Haworth and 
2348. \ 

IJjGilSagOjNt w«0-l:4-Dibenzoyl-2:3-dimethyl-l:2:3:4-tetrahydroquinoxalme 
(Gibson), 344. . ' . 

Ethyl 3-o-methoxyphenyl-5*p-chlorostyryl-A 5 *c^c7ahexen-l-one-2- 
orisfcoxylate (Heilbron ana Hill), 923.. 
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FORMULA INDEX. 


24 III—24IV 


C 24 H 24 O 2 N 4 vnesoA. :4-Diphenylcarbarayl-2:3-<Hmethyl-l:2:3:4-tetrahydroquinoxal« 
ine (Gibson), 345. 

C 24 H 26 ON 2 Benzoylbenzyl-n-butyl-p-phenylenediamine (Reilly and Drtjmm), 
1396. 

C 24 H 27 O 10 Cl 7-Glucosidoxy-3:3 / :4 / -trimethoxyflavyliuin chloride (+H a O) (Robert¬ 
son), 246. 

Cg 4 Hg 7 0 nN Penta-acetylindican (Robertson), 1941. 

CmHjjO ia N Methyl 3-tetra-acetyl*£-glucosidoxyindole-2-carboxylate( Robertson), 
1939. 

C a4 H 28 0 2 N a jpp'-Tetramethyldiaminodiphenyl-p-anisylcarbinol (Rodd and Linch), 
2177. 

pp'-Tetxamethyldiaminodiphenylbenzylcarbinol (Rood and Linch), 2184. 

jjp'-Tetramethyldiaminodiphenyl-o-tolylcarbinol (Rodd and Linch), 2177. 

C 24 Hso0 3 N 2 Methyl-^-bmcidine, and its salts (Gijlland, Perkin, and Robinson), 
1651. ; 

C a4 H 80 O 4 N 4 4:4 / -Dibromo-3:3 , -dinitro-s-diphenylethane (Le F&vre and Turner), 
1120 . 

C 24 H 30 O 5 N 2 Acetylaknammine, and its salts (Henry and Sharp), 1957. 

C 24 H 81 0 5 N 6 Brucidone semicarbazone (Gulland, Perkin, and Robinson), 1652. 

C 24 H 32 0 2 N 2 %-Decanedicarboxyanilide (Barnicoat), 2928. 

Ethoxymethyldihydrostrychnidme (Olemo, Perkin, and Robinson), 1616. 

Sebacotolnidides (Barnicoat), 2928. 

C* 4 H 82 0 8 N 2 Methyl-^-dihydrobmcidme, and its dihydriodide (Gulland, Perkin, 
and Robinson), 1661. 

C 2 *H 32 0 4 N 2 Brucidine methoxyhydroxide (-f2H a O) (Gulland, Perkin, and 
Robinson), 1641. 

C 24 H 84 0 8 N 2 Methoxymethyldihydrostiychnidine methohydroxide (Clemo, Per¬ 
kin, and Robinson), 1605. 


24 IV 

C 24 H 17 0 4 N 4 Bp Substance, from benzidine and 4:4'-dibromo-3:3'-dinitrodiphenyl 
(Le FIuvre and Turner), 1121. 

C 24 H 17 0 10 N 8 S 2 Hitrobenzoylaminob8nzoylnaphthylamine-3:6-disulphonic acids, 
and their salts (Balaban and King), 3079. 

C 24 H 17 O u N 8 S 2 2-m / -Nitrobenzoyl-w-aminobenzoylamino-8-naphthoL3:6-di* 
sulphonic acid, salts (Balaban and King), 3093. 

C 2 t H 17 O u N 8 S 2 l-w'-lSritrobenzoyl-m-aminobenzoylammo« 8 -iiaphthol- 3 : 6 -di- 
sulphonic acid, sodium salt (Balaban and King), 3091. 

C M H lv 0 ls N s S 3 7 a / -Nitrobenzoyl- 9 »-aminobenzoyl-l-naphthylamine* 4 : 6 : 8 -tri* 
sulphonio acid, salts (Balaban and King), 3095. 

C 24 H 12 0 3 Cl 4 Fe 6-Methoxy-4-phenacyl3ayylium ferrichloride (Irtine and Robin¬ 
son), 2098. 

C^HigOgNsSa Diaminobenzoyl-2-naphthylamin8-5:7-disnlphonic acids, and their 
salts (Balaban and King), 3082. 

C 24 H 18 O fl N 3 S 2 m'-Aminobenzoyl-m-aminobenzoy]amino-8-naphthol-3:6-disulphonic 
adds, sodium salts (Balaban and King), 3091. 

0„H w O w N 8 Ss Diaminobenzoyl-l-naphtbylainine-4:6:8-trisnlphonic acid, sodium 
salts (Balaban and King), 3096. 

CjbHmNjCIBp. Tri-o-bromobenzylhydrazine hydrochloride (Kenner and "Wilson), 


CAW Methoxymethyldihydrpstrychnidine methiodide (Clemo, Perkin, 
and Robinson), 1604. 

C 24 H 8 p0 2 N 2 BP 2 w-Decanedicarboxy-^-bromoanilide (Barnicoat), 2923. 
CmHmOsN^CI Methylnsobruoidinium chloride ( 4 -H a O) (Gulland, Perkin, and 
Robinson), 1650. i 
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24IV—25IV 


FORMULA INDEX. 


C 24 H al 0 3 N 2 I Brucidine methiodide (Gulland, Perkin’, and Robinson), 1638. 

Melfoylneobrucidinium iodide (Gulland, Perkin, and Robinson), 1649. 
C 24 H 33 O 3 N 2 I Methyltteodihydrobrucidinium iodide (Gulland, Perkin, and Robin¬ 
son), 1659. 

C* 4 H 88 0 4 N 2 I Tetrahydrobrucine methiodide (Gulland, Perkin, and Robinson), 
1639. 

C 24 H 35 0 2 N 2 I Methoxymethyltetrahydrostrychnidine methiodide (Clemo, Perkin, 
and Robinson), 1618. 


C25 Group. 

C 25 Hi «^2 Di-jS-naphfchaspm>pyran (Dickinson and Heilbron), 20. 

C 25 H 22 O n 0 -Penta-acetyHihydrocarajuretinol (Chapman, Perkin, and Robinson), 
3026. 

Cj&HaeOe Triphenylmethyl glucose, methylation of (Haworth, Hirst, Miller, 
and Learner), 2443. 

25 III 

C 25 H 17 O 2 C1 3-(j8-2'-Hydroxy*l'-naphthylvinyl)-i8-naphthapyrylixim chloride 
(Dickinson and Heilbron), 19. 

C 25 H 18 0 3 N 3 Ketopiperonylethyldibenzodihydronaphthyridine (Haworth and 
Pink), 2347. 

C 25 H 18 0 6 N 2 o-Hitrobenzylidene-iV-iS-piperonylethylhomophthalimide (Haworth 
and Pink), 2347. 

C m H 2s 0 3 N* Ketopiperonylethyldibenzohexahydronaphthyridine (Haworth and 
Pink), 2348. 

C*H«N a I 1 :l'-DiethyIcarboeyanine iodides (BLamer), 2800. 

C 25 H 29 0 6 N 3 3-wi?-Dimethoxyphenyl-5-mp-dimethoxy8tyryl-A fi -cyc7ohexen-l-one 
semicarbazone (Dickinson, Heilbron, and Irving), 1893. 

C 25 H 2 gN 2 I Hexametbylindocarbocyanine iodide (Hamer), 2804. 

C*H sa 0 4 N a O-Diacetylhexahydrostrychnine (Oxford, Perkin, and Robinson), 
2404. 

C25H 82 0 6 N 2 Bracidine methobydrogencarbonate (4* 2 H a O) (Gulland, Perkin, 
and Robinson), 1641. 

C 25 H 33 0 6 N 3 Nitromethoxymethyldihydrobracidrae (Gulland, Perkin, and Rob¬ 
inson), 1647. 

C 25 H 84 0 2 N 2 w-ETonanedicarboxytoluidides (Barnicoat), 2928, 
«r-Undecaiiedicarboxyaniline (Barnicoat), 2928. 

' C a 5 H 34 0 4 N a Methoxymethyldihydrobrncidine, and its bydriodide (Gulland, Per¬ 
kin, and Robinson), 1642. 

CbsHmObN* Oxymetboxymethyldibydrobmcidine (Gulland, Perkin, and Robin¬ 
son), 1643. 

CtfHuOaNg Dioxymethoxymethyldihydrobrucidine (Gulland, Perkin, and Rob¬ 
inson), 1643. 

€ a5 H 3 a0 4 N 2 Metboxymetbyltetrahydrobrucidine, and its salts (Gulland, Perkin, 
and Robinson), 1654. 

25 IV 

Gs$Hsa0*N a BP* n-Und ecanedicarboxy -p-bromoanHide (Barnicoat), 2928. 

Methyl-^-bracidine methiodide (Gulland, Perkin, and Robinson), 

1661. 

■ ^wHwO a N a Cl a Methoxymethyldihydrostiychnidine dimetbocbloride (CJlemo, 
Jr-. Perkin, and Robenson), 1607. 

Metboxymetbyldibydrostrycbnidine dimetbiodide (Clemo, Perkin, 

■I v ; and Robinson), 1606. 

Methoxymethyltetrahydrostryehmdine dimetbiodide (Olemo, Peb- 
■ kin, and Robinson), 1620. 
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2611-27II 


C 26 Group. 

CaeHiftCl* l:5*Dichloro-9:10-diphenylanthracene (Barnett, Cook, and Wilt¬ 
shire), 1782. 

CftHitClj 1:5:9 :10-Tetrachloro-9:10-diphenyl*9:10-dihydroanthracene (Barnett, 
Cook, and Wiltshire), 1729. 

l-Ohloro"9:10-diphenylanthracene (Barnett, Cook, and Wiltshire), 

CaeHaoNa 9:9'-Dimetliyl*3:3'-dicarbazyl (Maitland and Tucker), 1390. 

C M H M N a NN '-Dimethyldiphenylbenzidine (Maitland and Tucker), 1392. 

CasHajO* S-Methoxy-4-ethoxystyryl methyl ketone, dimeride (Dickinson, Heil- 
bron, and Irving), 1894. 

26 III 

C„H u 0C1 2 l^-Diehloro-9:10-diphenyl-9:10-dihydroantliranol (Barnett, Cook, 
and Wiltshire), 1732. 

CitlgOjCla l:5-Diehloro-9:10-diphenyl-9:10-dihydroanthraquinol (Barnett, 
Cook, and Wiltshire), 1728. 

c„h m o.n. 8:3'-Dinitrobenzil osazone (Chattawat and Coulson), 578. 

C 2f H 28 0 2 N 4 1:8-Naphthalbisdimethylanilide (Davies and Leeper), 1127. 

CgeHaftOSia Diphenylmethylsilieyl oxide (Kipping), 106. 

C2sH 8 e0 2 N s Ji-Decanedicarboxytoluidides (Barniooat), 2928. 

26 IV 

CaeHiaOiNaASa 10:10 / -Bis-4-carboxy-5;10-dihydfophenaraazine (Burton and Gib¬ 
son), 249. 

CaeHisOgNgSj Dinitrodibenzaldehyde disulphide di-p-nitrophenylhydrazones 
(Hodgson and Beard), 2424. 

C&aHaaOaNiS* 3: S'-Dini tro-4:4 '-di-p-toluenesulphonamidodiphenyl (Bell and 
Robinson), 1130. 

C M H S7 0 4 NaCl Methoxy methyl dihydrobrncidine methoehloride (Gulland, Per¬ 
kin, and Robinson), 1645. 

CaeHttOjNal Methoxymethy Id ihydrobrucidine methiodide (Gulland, Perkin, 
and Robinson), 1648. 

CaAANal Dioxymethoxymethyldihydrobrucidine methiodide (Gulland, Per¬ 
kin, and Robinson), 1648. 

CggHaaO^al Methoxymethyltetrahydrobrueidine methiodide (Gulland, Perkin, 
and Robinson), 1655. 

CaoHioOgNgS Methoxymethyldihydrobmcidine methosulphate (Gulland, Perkin, 
and Robinson), 1645. 

26 VI 

CatHseOatfaClaSaPta Tet^aehloro(triaminopropane-camphor-iS-sulphonate) platinum 
semihydrate (Mann), 1228. 

Q s Group. 

C^HiaGli l:5-DichJoro-9-phenyl-10-benzylanthracene (Barnett, Cook, and Wilt¬ 
shire), 1732. 

CtfHsoOg 3:3'-Dimethyldi-j3-naphthasp7ropyran (Dickinson and Heilbron}, 1703. 
C^HtaNa 2:4-Diphenyl-5^‘(4 / :5 / ;6 / :7 / -tetrsdiydroiiidoleX2':3 / )'9 ll u io lu 18 (Fawcett 
aid Robinson), 2259. 

C^H^Na ^'-Tetramethyldiaminodiphenyl-a-naphthylmethylamine (Rodd and 
Linch), 2178. 

C^HsqOj Ethyl 3-wj3-dimefchoxyph.enyl-5-mp-dimethoxystyTyl-A 5 -cyc2ohexen-l-one- 
2-carboxylate (Dickinson, Heilbron, and Irving), 1892. 

C 27 H 80 O m Rutin (Attree and Perkin), 236. 
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FORMULA INDEX. 


27 III 

C„H u OA Triphthalimidotrimethylainine (Kipping and Mann), 529. 

C„H*OCI a 1 :5-Dichloro-9-phenyl-10-benzyl-9:10-dihydroaiithranol 4 (Barnett, 

Cook, and 'Wiltshire), 1732. 

C 27 H 2a 0 2 N a Dioxydiphenyltetrahydroindoloquinoline (Fawcett and Robinson), 
2260, 

C 27 H*0N* Phenyl a-tetrahydrocarbazylamino(6)-styryl ketone (Fawcett and 
Robinson), 2259. 

CaAANio Triphthalylhydrazidotriaminotrimethylamine (Kipping and Mann), 
529. 

G 27 HssNal hl'-Diallyl^^'-carbocyanine iodide (Hamer), 2802. 

C 27 H 27 ON 3 p-Benzyl-w-butylammobenzeneazo-£-naphthol (Reilly and Drumm), 
1396. 

C^HjsNaO jpp^Tetramethyl&aminodiphenylnaphthylcarbinolfl (Rodd and Linch), 
2178. 

C 27 H 83 N 2 I Tetramethyldiethylindocarbocyanine iodide (Hamer), 2804. 
tt-Undecanedicarboxytolui&ides (Barnicoat), 2928. 

27 IV 

C a7 H 89 0 4 N 2 I Ethoxymethyldihydrobrucidine methiodide (Gulland, Perkin, and 
Robinson), 1649. 

CarH^OiNalj Methoxymethyl dibydrobrucidine dimethiodide (Gulland, Perkin, 
and Robinson), 1645. 

C 27 H* 2 0 4 N 2 C1 2 Methoxymethyltetrahydrobrucidine dimethocliloride (Gulland, 
Perkin, and Robinson), 1657. 

C 27 H420 4 N 2 I 2 Methoxymethyltetrahydrobruoidine dimethiodide (Gulland, 
Perkin, and Robinson), 1656. 

C 27 H 4 2 O 10 N a Sj Methoxymethyldihydrostrychnidine dimethosnlphate (Olemo, 
Perkin, and Robinson), 1605. 

C„H„0 10 N 2 S 2 Methoxymethyltetrahydrostrychnidine dimethosnlphates (Olemo, 
Perkin, and Robinson), 1619. 

C» Group. 

C 28 H ie 0 a Dibenzoylalizarin (Green), 2931. 

€ 28 H 20 O 2 SiS'-Trimethylenedi-jS-naphthasjjiropyran (Dickinson and Heilbron), 
1704. 

C tt H M N 2 9:9'-Diethyl-3:3'-dicarbazyl (Maitland and Tucker), 1390. 

CaaH^Og Diphenyldi-o-tolylpinaool (Boyd and Hatt), 905. 

CssB^Os 3-m-Methoxy-^-propoxyphenyl“5-m-methoxy-p-propoxystyryl>A 5 -c2/cZo- 
hexen-l-one (Dickinson, Heilbron, and Irying), 1895. 

28 HI 

CttHisOgHc p-Azoxydinitrostilbenes (Nisbet), 2085. 

CiaHgoOgNi #-Azoxy-2-nitrostilbene (Nisbet), 2085. 

C 28 H 21 0 2 C1 4-2'-Hydroxy-l / -naphthylidene-l:2:8;4-tetrahydro-8:9-benzoxanthylium 
chloride (Dickinson and Heilbron), 1704. 

CtsHjgGsS* 2-j>-Methoxyphenyl-l:3-benzdithiole 2-oxide (Hurtley and Smiles), 

V 1 ■ 1 536. 

p-Azoxystilbene (Nisbet), 2084. 

Ethyl 4-o-chlorostyracyl-2-phenyl-l:4-benzopyran-8-carboxylate 
\ v „ (Heilbron and Hill), 928. 

2-o-Carboxybenzoyldi^-tolyl ether phenylhydrazone (Reilly and 
touiot), 2817. 1 
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FORMULA INDEX. 


28IH-30 V 


C 18 H 25 O 4 N* Dibenzoyl derivative of substance C x 4 H xa ON a (Krishnamurti and 
Dry), 1351. 

C 28 H a8 0 4 N 8 Strychnic benzoic anhydride (Oxford, Perkin, and Robinson), 2409; 
C a& H 8l 0 4 Nj> Psyehotrine, hydrogen oxalate of (Brindley and Pyman), 1074. 
C 28 H 47 ON isoErucic anilide (Mirchandani and Simonsen), 375. 

28 IV 

C 28 H 24 0 a N 2 Se 2 Di-o-benzoylmethylaminodiphenyl diselenide (Clare), 2807. 
C 28 H 93 0 12 N 8 Co Nitrophenolnitrophenoxobisethylenediamminocobaltic nitrophen- 
oxides (Duff and Bills), 2372. 

O29 Group. 

C 29 H 28 N 2 4;4'-Tetramethyldiaminodiphenylmethyleneacenaphthene (Rodd and 
Linch), 2187. 

C 28 H 64 0 X6 Hendecamelezitose (Leitoh), 591. 

29 III 

CasHjaOaN* Triphthalimidotrimethylamine (Kipping and Mann), 528. 
C 29 H 29 N 2 BP 6 ; 6 / -Dimethyl-l;l , -diallyl- 2 ; 2 / -carbocyamne bromide (Hamer), 2801. 
CjisHjeNal 6 : 6 M)imethyl-l:l'-diallyl- 2 : 2 '-carbocyanine iodide (Hamer), 2801. 
C 29 H 30 ON 2 * 4:4'-Tetramethyldiaminodiphenylacenaphthenylcarbinol (Rodd and 
Linch), 2187. 

C a8 H se 0 4 N a Emetamine, and its salts (Brindley and Pyman), 1075. 

C 29 H s8 0 4 N a O-Methylpsychotrine, and its picrate (Brindley and Pyman), 1072. 
C 29 H 49 ON tsoErucic ^-toluidide (Mirchandani and Simonsen), 375. 

C30 Group. 

CsoHei n-Triacontane, oxidation of (Feahois and Wood), 1897. 

30 11 

Ca 0 H 2 ,O 5 4'-Hy dr oxyflavanhy drone (Irvine and Robinson), 2090. 

C 30 H 22 O 7 Trianhydrobisbenzoylacetaldehydephloroglucinol (Pratt, Robertson, 
and Robinson), 1976. 

CsoHagNs 4;4'-Tetramethyldiammodiphenylmethylenefiuorene (Rodd and Linch), 

C 30 H 30 O a Tetra-o-tolylpinacol (Boyd and Hatt), 908. 

CaoH 40 0 Ketone, from oxidation of w-triacontane (Francis and Wood), 1901. 
CgoHeoO* Alcohol, from oxidation of $i-triacontane (Francis and Wood), 1901. 

30 III 

C 80 Hao0 9 N4 J>Azoxy-2-nitro-3':4'-methylenedioxystilbene (Nisbet), 2085. 
CsgHmOuN* £-Azoxy-2;6-dmitro-4'-methoxystilbene (Nisbet), 2085. 

C 8 oH w 0 8 N 4 .p-Azoxybenzylidene-^-aminoacefcophenone (Nisbet), 2084. 

j 9 A.zoxy- 2 -nitro- 4 '-methoxystilbene (Nisbet), 2085. 

CsoH 3 oO a N 4 2;2'-Dibenzamidotetramethylbenzidine (Bell and Robinson), 1698. 

30 IV 

O^HaiOaNjS* w'-Dicinnamamidodiphenyl disulphide (Mills and Whitworth), 
2747* , 

Gg d H M 0 4 N 4 S2 2;2''Di*^-toluenesulphonylaniidotetramethylbenzidme (Bell and 
Robinson), 1698. 

30 V 

CsoHmOsNsBfJSs oo'-Diciimamamidodibromodiphenyl disulphide (Mills and 
Whitworth), 2747. 
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C31 Group. 

C 3 iH* 4 0« Ethyl di-i?»naphthaspiropyran-3:3'-dicarboxylate (Diokinson and 
Heilbron), 1704. 

31 III 

C sl H sa ONa ^'-Tetraethyldiaminodiphenyl^-naphthylcarbinol (Rodd and Linch), 


C 31 H 4 *0 4 NJ 2 Emetamine dimethiodide (Brindley and Pyman), 1076, 

C 82 Group. 

CstHfiftOl 10-Chloro-9:9:10-triphenyl-9:10-dihydroanthracene (Barnett, Cook, 
and Nixon), 511. 

C 82 H 28 0 7 4 # -Hydroxy-8-methoxyflavanhydrone (Iryine and Robinson), 2091. 

32 III 

Ca^O.Sb Triphenylstibine dibenzoate (Challenger and Wilson), 212. 

C 82 H 30 O 6 Ne p-Azoxy^-nitro^'-dimethylaminostilbene (Nisbet), 2086. 

C M H3 6 0 4 Bi Trlphenylbismuthine dibenzoate (Challenger and Wilson), 212. 

C S3 Group. 

C M H ao 0 5 3:3'-Dimethoxy-4:4'-dibenzyloxydi3tyryl ketone (Dickinson, Heil- 
beon, and IevinO), 1896. 

Ca4 Group. 

C 84 H 8 o0 8 S^iSiS'tl^G'-Hexamethoxydianthrone (Macmaster and Perkin), 
1309. 

C 34 H 40 N 4 Octamethyltetra-aminotetraphenyletbylene (Rodd and Linch), 2186, 

CaAaOjso Xanthorhamnin (Attree and Perkin), 236. 

Cu 4 H 4 e0 4 Dimethyl diphenate (Bell and Robinson), 1698. 

34 III 

C 34 H 4a 0N 4 Octamethyltetra-aminotetraphenylethanol (Rodd and Linch), 2186. 

34 IV 

CjkH^OisNA Azoxy-derivative of m-aminobenzoyl-l-naphthylamine-3:6-di- 
sulphonic acid, sodium salt (Balaban and King), 3079. 

Cm Group. 

C 35 H 26 0 15 N 4 S 4 a-Carbamide of aminobenzoylnaphthylaminedisulphonic acid, 
sodium salt (Balaban and King), 3089. 

CssH^OnNA s-Oarbamide of2-m*aminobenzoylammo-8>napbtbol-3:6-disulpbome 
acid, salts (Bababan and King), 3094. 

s-Caibamide of l^-ammobenzoylamino-8-naphthoJ-3:6-disnlphonic 
acid, sodium salt (Balaban and King), 3092. 

C 3 sH 2 e0 31 M 4 S 4 s-Oarhamide of m-aminobenzoyl-1 -naphthylamine-4; 6:8-trisulphonic 
acid, sodium salt (Balaban and King), 3097. 

Cm Group. 

CuHtfif* Substance, from oxidation of carbazole (McLintook and Tucker), 
1221 .- ' . 

C* Group. 

tWEfcAJIe Benzylidenebiabenzoylmandelamidea (Ingham), 696 

C-' 3820 ; v.'.-':' 
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37 IV 

CwH^OsNeAs* $-Carbamido-3-m-aminobenzamido-4-piperidinophenylarsinic acid, 
and its salts (King), 1055. 


Cs8 Group. 

aa-4:4Vretramethyldiaminodiphenyl-j8/8-4:4'-tetrainethyldiaminodi- 
phenylethylene (Robb and Linch), 2186. 

38 III 

C 38 H m OH 4 aa4:4'-Tetraethyldiaminodiphenyl-j8£-4;4'd;etramethyldiaminQdi- 
phenylethan-a-ol (Robb and Linch), 2186. 
aa-4;4'-Tetramethyldiaminodiphenyl-j3j8-4:4'-tetraethyldiaminodiphenylethan-a-ol 
(Robb and Linch), 2186, 


C S9 Group. 

c 3s h„ 9:9-Diphenyl-10:10-diphenylmethylene-9:10-dihydroanthracene (Barnett, 
Cook, and Nixon), 511. 

* C 40 Group. 

C4flH 81 0| s-oo'-Dibenzylbenzpinacol (Barnett, Cook, and Nixon), 509. 

C 4 » Group. 

C 4a HioO u N(S4 s-Carbamide of diaminobenzoyl-2-naphthylamine-6:8-disulphonic 
acid, salts (Balaban and King), 8089. 

C* s H S 6 0 18 N 8 S 4 5-Carbamides of ra'>aminobenzoyl-m-aminobenzoylainino-8-naphth- 
ol-3:6-disnlphonic acids, salts (Balaban and King), 8095. 

C^HseOtsNfiSe 5-Carbamide of diammobenzoyl-l-naphtbylamine-4:6:8*trisulphonie 
acid, salts (Balaban and King), 3097. 

C 62 Group. 

C 6 ,H 88 Tetraphenyltetrabydrodiantbranyl (Barnett, Cook, and Nixon), 510. 

Ceo Group. 

C eo H M O a Si 4 Dipbenoxyoctapbenylsilicotetrane (Kipping), 2732. 

ERRATA. 

Vgl., 1926, 

Page Line 

1995 17 for “William” read “Winston . 19 

You, 1927. 

531 13* for ‘ * Part XP"” read * * Part X VII ." 

1205 9 for “ whom he also recommended as his successor ** read “ who 

is (as well as W. J, de Haas) one of his successors/’ 

1226 Formula Y Insert “ (SON), ” outside the bracket. 

2169 Line 22 for **280° 189° 250° 250°.” . 

read “>280° 189° >250° >250°.” 

2856 26 for “boiling acetic acid * read “acetic acid/’ 

* From bottom. 
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PROCEEDINGS 

OF THB 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, January 20th, 1927, at 
8 p.m, In the absence of the President, the Chair was occupied by 
Dr. Alexander Scott, F.R.S., Vice-President, 

Reference was made to the loss sustained by the Society, through 
death, of the following Fellows : 


Elected. Died. 

Joseph J. Acworth ._. March 4th, 1875. Jan. 3rd, 1927. 

George Christopher . June 18th, 1874. Aug. 7th, 1926. 

Frank Cope .. Feb. 16th, 1899. May 12th, 1926. 

William B. Hart .. May 7th, 1891. Dec. 29th, 1926. 

Frederick H. Painter .. Feb. 18th, 1909. Dec. 12th, 1926. 

Edward H. Rennie .... Feb. 6th, 1879. Jan. 1927. 

Thomas A. Reid . Dec. 7th, 1893. Nov. 15th, 1926. 

Frederick J. Stoakley . May 5th, 1921. Jan. 16th, 1927. 


The Chairman announced that the names of the members of 
Council who retire at the Annual General Meeting on March 24th, 
1927, and who are ineligible for re-election to the same office until 
after the lapse of one year, are as follows : 

Vice-President who has filled the office of President: 

Prof. W. H. Perkin. 

Vice-Presidents who have not filled the office of President: 

Mir. A. J. Greenaway and Prof. J. C. Philip. 

Ordinary Members of Council: 

(a) Town Members: 

Dr. 0- L. Brady, Dr. A. E. Dunstan, and Prof. T. S. Moore. 

(b) Country Members: 

Prof. D. R. Boyd, Mr. B. Lambert, and Prof. F.X. Pyman. 

The jcthowing vacant places fall due to be filled at the Annu al 
General meeting on March 24th, 1927, in accordance with the Bye- 
Laws : 

Vice-Presidents who have filled the office of 
President .. ... . One vacancy* 

Vice-Presidents who have not filled the office 
of President. ... ... ... Two vacancies. 











Ordinary Members of Council: 

(а) Town Members.Three vacancies. 

(б) Country Members .Three vacancies. 

Certificates were read for the first time in favour of : 

Cameron Gordon Anderson, B.Sc., 23, Warwick Road, Sparkhill, Birmingham. 
Gilbert Edward Archey, M.A., 10, Laurie Avenue, Auckland, N.Z. 

Eric Sidney Bacon, B.Sc., A.I.C., 78, South Street, Bonders End, Middlesex. 
Sydney Thomas Bowden, B.Sc., A.I.C., University College, Newport Road, 
Cardiff. 

Satyendra Nath Chakravarti, M.Sc., 96, Abingdon Road, Oxford. 

Lena Winifred Frost, B.Sc., 4, Sandy Lane, Pendleton, Manchester. 

Henry Frank Gillbe, B.Sc., A.I.C., 8, Myddleton Buildings, High Street, 
Islington. 

William Honneyman, B.Sc., F.I.C., Ph.C., 17, Cyprus Park, Belfast. 

Peter Jayaweera Jayaratne, B.Sc., Seevali School, Ratnapura, Ceylon. 

Sin-iti Kawai, Chemical Institute, Tohoku Imperial University, Sendai, Japan. 
Alexander Anderson Kennedy, 86, Babbacombe Road, Bromley. 

Allan Lewis, B.Sc., A.I.C., 74, Sutherland Avenue, W. 9. 

Rt. Hon. Sir Alfred Moritz Mond, Bart., M.P., 35, Lowndes Square, S.W. 1. 
Masuo Murakami, M.Sc., Tohoku Imperial University, Sendai, Japan. 

Roger Saxon Nickalls, 61, Elm Park Gardens, S.W. 10. 

Mary Alice Marcia Penrose, B.Sc., 9, Grove Road, East Cliff, Bournemouth. 
Eric Charles Pickering, Ph.D., B.Sc., A.I.C., 14, Emperor’s Gate, South 
Kensington, S.W. 7. 

Stanley Ernest Pusey, 54, Cranbury Road, Fulham, S.W. 6. 

Mysore Guru Srinivasa Rao, Central College, Bangalore, India. 

Alfred Leonard Read, B.Sc., 154, Southbury Road, Enfield. 

Rodney Thomas Shepherd, B.A., Westminster Training College, Horseferry 
Road, S.W. 1. 

Shintaro Ogawa, Tohoku Imperial University, Sendai, Japan. 

Walter Lewis Lee Smith, B.Sc., A.I.C., 9, Newton Road, Faversham. 

Robert Spence, B.Sc., 18, Croft Avenue, South Shields. 

Frederick Robert Storrie, B.Sc., A.I.C., 1, Carriagehill Drive, Paisley. 

Robert Bruce Walker, M.A., Buckingham, Que„ Canada. 

Francis John Watson, M.A., M.Sc., 28, Bishop’s Road, Paddington, W. 2. 
Albert Greville White, B.Sc., A.I.C., 45, Caledonia Road, Saltcoats. 

Robert Scott Wishart, M.A., D.Sc., Coptbome, Fawley. 

Norman Edward Wood, B.Sc., 422, Brockley Road, Crofion Park, S.E. 4. 
Lakshmi Narayan Yadava, M.Sc., Bareilly College, Bareilly,India. 

The following Certificates have been authorised by the Council for 
presentation to ballot under Bye-Law I (2) in favour of: 

Clarence A. Hall, 7951, Winston Road, Chestnut Hill, Phila., Pa., U.S.A. 
Isaac Silberman, F.I.C., Bedford Pharmacy, Teoville, Johannesburg, S. 
Africa. 

The following papers were read: 

u The glow of arsenic.” By H. J. Emeleus. 

“ On the origin of the spectrum of the glow of phosphorus.” By 
BE* J* EmbtJ,us and R. H. Purcell. 
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“ Ring-chain tautomerism. Part XVI. The effect of two adjacent 
gem -dimethyl groups on the ease of formation of the cydo- 
pentane ring.” By I. Vogel. 


ORDINARY SCIENTIFIC MEETING, THURSDAY, 
FEBRUARY 3rd, 1927, AT 8 P.M. 

The following papers will be read : 

“ The nature of the alternating effect in carbon chains. Part XIV. 
The directive action of some groups of the form -CR'R' , *CO*R* 
in aromatic substitution.” By J. W. Baker and C. K. Ingold. 
“ The nature of the alternating effect in carbon chains. Part XVII. 
The directive action of the groups ‘CHg-CHg-NO^ UHICH*N0 2 , 
and *C(N0 2 ):CHR in aromatic substitution.” By J. W. 
Baker and I, S. Wilson. 

“ The Storch equation, a general dilution formula, and the validity 
of the law of mass action at limiting dilutions.” By A. 
Ferguson and I. Vogel. 

“ The calculation of the equivalent conductivity of aqueous solutions 
of strong electrolytes at infinite dilution. Part II. Applic¬ 
ation to data at 0°, 18°, and 25° C ” By A. Ferguson and I. 
VOGEL. 

“ The calculation of the equivalent conductivity of aqueous solutions 
of strong electrolytes at infinite dilution. Part HI. The 
mobilities of the hydrogen and the hydroxyl ions.” By A. 
Ferguson and I. Vogel. 


LECTURE. 

A Memorial Lecture in honour of the late Kamerlingh Onnes will 
be delivered by Professor Dr. Ernst Cohen, of Utrecht, on Thursday, 
February 10th, 1927, at 8 p.m., at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W. 1. 


ANNUAL GENERAL MEETING AND ANNIVERSARY 

DINNER. 

The Annual General Meeting will be held at Burlington House on 
Thursday, March 24th, 1927, at 4 p.m., and the Anniversary Dinner 
will take place the same evening at the Hotel Victoria, Northumber¬ 
land Avenue, W.C. 2. Further particulars will be circulated later. 
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List of Papers, or Abstracts thereof, received between December 

16th, 1926, and January 20th, 1927. (This List does not include the 

titles of papers, or abstracts thereof, which have been read at an 

Ordinary Scientific Meeting, or which have appeared in the Journal.) 

“ Acid soaps: a crystalline potassium hydrogen dioleate.” By 
J. W. McBain and A. Stewart. 

“ Studies of aromatic thionyl and chlorothionyl derivatives* Part I. 
Thionylcatechol and dichlorothionyl<piinol/’ By A. Green. 

“The platini-platino chloride electrode. A new type of chlorine 
electrode/' By V. F. Miller and H. Terrey. 

“ The nature of the alternating effect in carbon chains. Part XIV. 
The directive action of some groups of the form ~CB'R/'*C(>R* 
in aromatic substitution/’ By J. W. Baker and C. K. Ingold. 

“ The nature of the alternating effect in carbon chains. Part XV. 
The directive action of some groups of the form -C0\R in 
aromatic substitution.” By K. E. Cooper and C. K. Ingold. 

“ The condensation of substituted anilines with q/cZopentanone 
cyanohydrin. Derivatives of 1 -anilinoc^cfopentane-1 -carb¬ 
oxylic acid.” By S. H. Oakeshott and S. G. P. Plant. 

“ Synthesis of 5 :6-dimethoxyindole and its 2-carboxylic acid.” By 
A. E. Oxford and H. S. Paper. 

“ The condensation of ^-hydroxybenzoie acid with chloral.” By 
F. D. Ghattaway and F. C. y Prats. 

“ The decomposition products of menthyl esters of sulphonic acids.” 
By T. S. Patterson and I. M. McAlphte, 

“The influence of solvents on the rotation of optically active 
compounds. Part XXIV. Menthyl benzenesulphonate, 
menthyl naphthalene-a-sulphonate, and menthyl naphthalene- 
p-sulphonate in various solvents.” By T. S. Patterson and 
I. ML MoAlpine. 

“ The complex chlorides of tervalent molybdenum.” By W. R. 
Bucknall, S. R. Carter, and W. Wardlaw. 

" The viscosity of ether at low temperatures.” By E. H. Archibald 
and W. Ure. 

e< The nitration of benzil, 3 : 5 : 3': 5'-tetranitrobenzil.” By F. D. 
Chattaway and E« A. Coulson. 

“ The influence of nitre-groups on the reactivity of substituents in 
/ the benzene nucleus. Part IX. 2 : 3- and 2:5-Dinitro- 
4-methoxytoluenes/ 5 By H. E. Dadswell and J. Kenner. 

“ The union of benzoylacetonitrile with organic bases in the presence 
of salioylaldehyde. Part I.” By P. Krtshnantcrti. 

“ Aininobenzthiazoles. Part VJJLL The effect of substituents on 
tautomeric systems of the aminothiazole type and the 
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synthesis of nuclear substituted 1-aminobenzthiazole deriv¬ 
atives.” By G. M. Dyson, R. F. Hunter, and R, W. 
Morris. 

“ The synthesis of meso-alkyl and meso-aryl anthracene derivatives. 

Part I.” By E. de B. Barnett, J. W. Cook, and I. G. Nixon. 
“ Aminobenzthiazoles. Part IX. The unsaturation of amino- 
thiazoles containing a static triad system, the mechanism of the 
transformation of arylthiocarbamides into aminobenzthiazole 
bromides, and the synthesis of some 1-dimethylaminobenz- 
thiazoles.” By R. F. Hunter and E. R. Styles. 

“ The velocity of formation of quaternary ammonium salts from 
trimethylamine and benzyl chloride and the three mononitro- 
benzyl chlorides.” By H. McCombie, H. A. Scarborough, and 
F. F. P. Smith. 

“ The nitration of m-iodophenol.” By H. H. Hodgson and F. H. 
Moore. 

“ The partition of hydrogen chloride between water and benzene.” 

By R. W. Knight and C. N. Hinshelwood. 

<c Pseudo-ternary systems containing sulphur. Part II. The 
system sulphur-benzoic acid.” By D. L. Hammick and W. E. 
HoIt. 

“ Colour and molecular geometry. Part VI. Explanation of the 
colours of the anthocyans.” By J. Mom. 

“ Acid and salt effects in catalysed reactions. Part VI. The 
embryonic stage of an auto-catalysed reaction. Generalised 
form of the simple autocatalytic catenary.” By H. M. Dawson. 
“The reaction between diazonium salts and malonyldiurethane.” 

By M. A. Whiteley and D. Yapp. 

“ The mechanism of the reaction between aluminium-iodine-ethyl 
alcohol and water. The preparation of ethyl iodide.” By 
A. 0. Jones and G. M. Green. 

<e The optical resolution of chloroiodoacetic acid.” By A. M. 
MoMath and J. Read. 

The preparation of N-substituted o-benzoicsulphinides.” By E. W. 
McClelland. 

“ The nature of the alternating effect in carbon chains. Part XVI. 
The nitration of some y-phenylpropylamine derivatives.” By 
C, K. Ingold and I. S. Wilson. 

“On the alleged retardation of certain reactions by light.” By 
A. J. Allmand and R. E. W. Maddison. 

“ The nature of the alternating effect in carbon chains. Part XVII. 
The directive action of the groups •CH 2 *CH 2 *N0 2 , *CH!CH*N0 2 , 
and *C(N0 2 )’CHR in aromatic substitution.” By J, W. 
Baker and I. S. Wilson. 
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<£ The production of fog in the neutralisation of alkali with hydrogen 
halides.” By H. 0. Askew. 

<e The Storch equation, a general dilution formula, and the validity 
of the law of mass action at limiting dilutions.” By A. 
Ferguson and I. Vogel. 

<£ The calculation of the equivalent conductivity of aqueous solutions 
of strong electrolytes at infinite dilution. Part II. Applic¬ 
ation to data at 0°, 18°, and 25° C.” By A. Ferguson and I. 
Vogel. 

<f The calculation of the equivalent conductivity of aqueous solutions 
of strong electrolytes at infinite dilution. Part III. The 
mobilities of the hydrogen and the hydroxyl ions.” By A. 
Ferguson and I. Vogel. 

“ The mechanism of reactions induced by hydrogen chloride between 
aromatic aldehydes and aldehydecyanhydrins in solution.” 
By B. H. Ingham. 

“ Ring-chain tautomerism. Part XV. The hydroxy-lactone type.” 
By E. Rothstein and C. W. Shoppes. 

“ Solubility influences. Part IV. The salting-out of aniline from 
aqueous solutions.” By S. Glasstone, J. Bridgman, and 
W. R. P. Hodgson. 

“ The constitution of the supposed iV-methylene sulphurous acid 
derivatives of amines. Part I. Examination by the Elvove 
method.” By G. Newbery and M. A. Phillips. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, FEBRUARY 
3rd, 1927. 

Anderson, Cameron Gordon, 23, Warwick Road, Sparkhill, Birmingham. 
British. Research Student, Chemistry Dept., University of Birmingham, 
B.Sc., 1st Class Honours, Chemistry. Priestley Scholar, Chemistry. Frank- 
land Prizeman, Chemistry. (Signed by) W. N. Haworth, H. M. Spittle, 
W. Charlton, H. D. K, Drew, L. W. Needham. 

Archey, Gilbert Edward, 10, Laurie Avenue, Auckland. British. 
Secretary, Auckland Institute. M.A. (N.Z.). (Signed by) F. P. Worley, 
W, Frank Short, J. 0. Andrews. 

Bacon, Brio Sidney, 78, South St., Ponders End, Mddx. English. 
Chemist. B.Sc., 2nd Class Honours Chemistry (London). Associate of the 
Institute of Chemistry. (Signed by) T. J. Drakeley, G. J. Avey, H. J. S. 
v Eing- 

Baonadl, Ma r ie , 15, Bent Lane, Heaton Park, nr. Manchester. British, 
librarian and abstracts, British Cotton Industry Research Association, 
B.Sc. (Viet.), 1920. M.Sc. (Viet.), 1925. Theris: Zymolysis of 
v Starch and Cellulose. (Signed by) 3V 0. Withers, R. G. Fargher, D. Clibbens. 
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Barb, Mollie, Langton, Erith Rd., Belvedere, Kent. British. Student 
of Chemistry at Bedford College, London University. (Signed by) Holland 
Crompton, J. F. Spencer, Jessie Stewart. 

Blount, Bertie Kennedy, Idmiston Grange, Idmiston, nr. Salisbury. 
British. Undergraduate Student of Trinity College, Oxford. Reading for 
Honours in the School of Chemistry. ( Signed by) M. P. Applebey, S. G. P. 
Plant, C. N. Hinshelwood. 

Boake, Edmond Johnson, Widford Lodge, Chelmsford. British. Director 
of Companies. Managing Director of A. Boake, Roberts & Co., Ltd., etc., 
Heavy and Pine Chemical Manufacturers. B.A. Camb. (Honours). (Signed 
by) W. J. Uglow Woolcock, W. H. Perkin, Leonard A. Levy. 

Bowden, Sydney Thomas, University College, Newport Road, Cardiff. 
Welsh. Assistant Lecturer and Demonstrator. B.Sc. (Honours), Wales. 

A. I.C. Formerly Fellow of the University of Wales. (Signed by) W. J. 
Jones, E. P. Perman, N. M. Cullinane. 

Butterfield, George Richard, Selwyn College, Dunedin, N.Z. British. 
Medical Student. Completed B.Sc. course at Auckland Univ. College. Com¬ 
mencing Medical course at Otago University. I desire to keep in touch with 
developments of chemistry. (Signed by) F. P. Worley, W. P. Short, John R. 
Hosking. 

Chakravarti, Satyendra Nath, 96, Abingdon Road, Oxford. British 
subject. Research Student in Organic Chemistry, Dyson Perrins Laboratory. 

B. Sc., First Class. M.Sc. (Organic Chemistry), First Class, of Lucknow 
University. Studying for D.Phil. at Oxford University. Worked on “ The 
action of toluene sulphonic ester on nitrophenols ” under Dr. S. M. Sane, 
Reader in Organic Chemistry, Lucknow University. (Signed by) W. H. 
Perkin, R. D. Haworth, V. M. Trikojus, S. G. P. Plant. 

Chilvers, Cecil, 29, St. Luke’s Avenue, Ilford, Essex. British. Chemist 
(Anglo-American Oil Company). B.Sc. (London). A.I.C. 1922-1926, Tem¬ 
porary Assistant Chemist, The Government Laboratory. (Signed by) Robert 
Robertson, Geo. Stubbs, J. J. Fox, J. F. Hirst. 

Clark:, Robert Edward David, 46, London Road, Southborough, Tun¬ 
bridge Wells. English. Student. Exhibitioner of St. John’s College, 
Cambridge. Candidate for Natural Science Tripos. (Signed by) Hamilton 
McCombie, Gordon M. Wright, William Blakey. 

Davies, John Stanley, 9, Winchester Avenue, Brondesbury, N.W. 6. 
British. Pharmaceutical Chemist. Bachelor of Science (London, 1925). 
(Signed by) R. H. Doughty, E. H. Williams, R, J. Evans. 

Besai, Bhimbhai Nichhabkai, c/o Miss Dickson, 21, Warrender Park 
Terrace, Edinburgh. Indian. Research Student (King’s Buildings, Chemis¬ 
try Dept., Edinburgh University, Edinburgh). Research Worker and 
Lecturer in Chemistry (1924-1926), Wilson College, Bombay. Two papers 
submitted to Indian Science Congress, one in 1924 and the other in 1925. 
Two papers, one on “ Coagulation of Thorium Hydroxide ” and the other on 
“ Viscosity Measurements of Ceric Hydroxide Sol and Gel,” are in course 
of publication in the Journal of Phys. Chemistry . (Signed by) James Walker, 
Ernest Bowman Ludlam, John E. Mackenzie. 

Frost, Lena Winifred, 4, Sandy Lane, Pendleton, Manchester. British, 
Second Mistress at Pendleton High School for Girls, Manchester. In charge 
of Chemistry Laboratory and all Chemistry Classes. I desire to receive the 
Society’s publications in order to keep in touch with the progress of chemistry. 
B.Sc., Birmingham. Also studied at the University of Manchester and 
Salford Technical College. Over 8 years’ experience in the teaching of Matri- 
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culation and Higher School Certificate Chemistry. (Signed by) B. Prentice, 
Vernon Edge, J. W. McMyn, Harold B. Dixon, Frederick Challenger, John 
F. Wilkinson. 

Gillbe, Henry Frank, 8, Myddelton Bldgs., High St., Islington. British. 
Research Student in Physical Chemistry at University College, London. 
1st Class Honours B.Sc. in Chemistry (Univ. of London). A.I.C. Paper 
accepted for publication in the J.C.S. in Nov. 1925, entitled : “ The Change 
in the Absorption Spectra of Aromatic Nitro-compounds in Liquid Ammonia 
with Time,’ 9 but withdrawn as work was to be extended. (Signed by) W. E. 
Gamer, F. G. Donnan, J. N. Collie. 

Gujral, Kirpal Singh Santosh, Chhachhi Street, Rawalpindi (Punjab). 
Indian. Student. Bachelor of Science. LL.B. (St.). (Signed by) N. A. 
Yajnik, E. T. Dean, M. Gopal Rau. 

Honneyman, William, 17, Cyprus Park, Belfast. British. Research 
Chemist. B.Sc. (Lond.). F.I.C. (e). Ph.C. (G.B.). Textile Research 
Chemist, York Street Flax Spinning Co., Ltd., Belfast. (Signed by) Henry 
Wren, Theophilus Harper, J. Carroll Culbert, 

Hughes, Hubert Ivor, 89, Penchwintan Road, Bangor, N.W. Welsh. 
Research Student at University College of North Wales, Bangor. B.Sc., 
Univ. of Wales (Hons. ^Chemistry), 1924. Sept. 1925— , Research Student 
at U.C.N.W. (Signed by) Kennedy Orton, H. B. Watson, A. E. Bradfield. 

Husband, Alfred Dudley, Dept, of Agriculture, Salisbury, S. Rhodesia. 
English. Chief Agricultural Chemist, Dept, of Agriculture, Salisbury, S. 
Rhodesia. A.I.C. Biochem. Joum., 1922, 16, 3; 1923, 17, 707. (Signed 
by) W. Thomas, W. Godden, J. E. Humphries. 

Jayaratne, Peter Jayaweera, Mirissa, Weligama, Ceylon. Sinhalese 
(British). Headmaster, Seevali School, Ratnapura (Ceylon). B.Sc. (London)* 
(Signed by) Norman Rae, J. P. C. Chandrasena, J. R. Bhatt. 

Jones, Arthur Frederick, 12, Colville Terrace, Colville Street, Notting¬ 
ham. British. Science Master. Bachelor of Science, University of London, 
with 2nd Class Honours in Chemistry. 1923-26, Science Master, Anglo- 
Chinese College, Swatow, China. (Signed by) F. S. Kipping, J. B. Firth, 
E. B* R. Prideaux. 

Jones, Rrynmor, “Hilbre,” Fronhenlog Terrace, Bangor, N. Wales. 
British. Research Student at University College of North Wales, Bangor. 
B.Sc,, First Class Honours, Chemistry. (Signed by) A. E. Bradfield, H. B. 
Watson, F. G. Soper. 

Jones, David Idris, 118, Gough Road, Edgbaston, Birmingham. British. 
University Student (Research Chemistry, Birmingham). B.Sc. Honours 
(Chemistry), Second Class (1926), Birmingham. (Signed by) W, N. Haworth, 
S. Peat, W. Charlton, H. D. K. Drew. 

Kawai, Sin-iti, Chemical Institute, Faculty of Science, Tohoku Imperial 
University, Sendai, Japan. Japanese. Assistant to Professor Majima in 
the Tohoku Imperial University, Sendai, Japan, and a Research Student of 
the Physical and Chemical Research Institute, Hongo, Tokyo. Graduate of 
the Tohoku Imperial University, Sendai, Japan. Has been engaged in 
Research Work under Prof. R. Majima, M.I.A., for the last six years. 
(1) “ Synthesis of the Simplest Homologue of Urushiol ># (Scient. Pap* Phys , 
Chetn. Bee* Inst., Tokyo , 1925, 3, 263; C. 1926, 1, 3144). (2) “ On a New 
Reaction between Triacetine and Phenol and an Improved Method for the 
Preparation of Triacetine” (Scient. Pap. Phys. Ghem. Res. Inst., 1925, 3, 
J 275 ; C. 1926,1,3143). (3) “ On the Preparation of Cateehol-or&o-earboxylie 

Acid and the Condensation between Catechol and Glycerol ” (Soimt. Pap. 
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Phya. QUm. Rea, Inst, 1925, 3, 279; C. 1926, 1, 3144). {Signed by) Biko 
Majima, Shigeru Komatsu, Hiroshi Nomura. 

Kennedy, Alex a n der Anderson, 86, Babbacombe Rd., Bromley, Kent. 
British. Technical Director of Soap and Toilet Speciality Factory. Member 
of the Pharmaceutical Society. {Signed by) F. C. Dyche-Teague, W. H. 
Simmons, Percy C. C. Isherwood. 

Keyes, Alfred Wi lliam , 14, Wilson St., Richmond, Auckland, N.Z. 
English. Student of Chemistry at Auckland University College. About to 
be employed in chemical industry and wish to keep in touch with the develop¬ 
ment of chemical science. [Signed by) F. P. Worley, A. H. Bowell, W. F. 
Short, J. C. Andrews. 

IrEESE, Ernest, Portland, Whangarei, New Zealand. British. Analyst 
and Technical Chemist. 3 Years Walthamstow Technical Institute, England. 
4 Years Auckland University College. 16 Years’ experience as Analyst. Late 
Assistant to J. A. Pond, Esq., late Govt. Analyst for Auckland. Last 7 years 
Chief Chemist to Wilson’s (N.Z.) Portland Cement, Ltd., Whangarei, N.Z. 

R. A.M.C. hospital ship work during War. (Signed by) J. A. Pond, K. M. 
Griffin, Alf. J. Parker. 

Lewis, Alton , 74, Sutherland Av., Maida Yale, W. 9. British. Student. 
Have been engaged in Research at King’s College since 1923. B.Se., London, 
Honours in Chemistry (2nd Class). A.I.C. (Signed by) A. J. Allmand, 
Samuel Smiles, A. Fairbouxne. 

Linstead, Reginald Patrick, 46, Compton Road, Winchmore Hill, N. 21. 
British. Research Chemist, Imperial College of Science. Ph.D. (London). 

D. I.C. Joint Author of 3 papers in the Journal of the Society : Trans., 1922, 
121, 2502; 1925, 127, 616, 815. (Signed by) Jocelyn Thorpe, G. A. R. Kon, 

E. F. Linstead. 

Lockton, Edward Hubert, 62, Pattison Rd., London, N.W. 2. British. 
Research Student. B.Se., 1st Class Hons., 1926. A.R.C.S., 1926. (Signed 
by) G. A. R. Kon, R. W. West, John D. Johnson. 

Long, Charles Willi am , “ Mayesvale,” Shrubbery Road, Bromsgrove, 
Wores. British. Research Student, Chemistry Department, Birmingham 
University. 1st Class Honours B.Se. (Birmingham) in Chemistry, June, 1926. 
Priestley Scholar. (Signed by) W. N. Haworth, W. Charlton, H. D. K. Drew, 

S. Peat. 

Moir, Daniel Donald, 116, Orsett Rd., Grays, Essex. British. Student. 
B.Se. (Chem. Special). Organic Research Student at East London College, 
(Signed by) E. E. Turner, R. J. W. Le F6vre, H. A. Mayes. 

Mond, The Rt. Hon. Sir Alfred Moritz, Bart., M.P., 35, Lowndes Square, 
London, S.W. 1. British. Chairman, Imperial Chemical Industries, Ltd. 
(Signed by) H. B. Baker, Jocelyn Thorpe, William J. Pope, T. Slater'Price, 
Charles S. Gibson. 

Morris, Matthew, Sewage Works, Hoscar, nr. Ormskirk. Brit ish , 
Chemist and Manager. Student, 4 years, Blackburn Technical College. 
Member of The Sewage Disposal Works Managers’ Association. I also wish 
tQ have the use of your library, and to keep in touch with chemical research. 
(Signed by) Harry G. Leigh, W. H. Duckworth, W. E. Speight. 

Mu rakami , Mas uo, Faculty of Science, Tohoku Imperial University, 
Sendai, Japan. Japanese. Research Student in Organic Chemistry at the 
Tohoku Imperial University. M.Sc. (Tohoku). Engaged at present in 
research work in Organic Chemistry at the Tohoku Imperial University. 
(Signed by) Riko Majima, Shigeru Komatsu, Hiroshi Nomura. 

Nickaxls, Roger Saxon, 61, Elm Pk. Gds., S.W. 10. British. Under- 
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graduate, Oxford. Wishes to receive Society’s publications, use Library, 
etc., etc. ( Signed by) Allan F. Walden, J. Masson Gulland, B. Lambert, 
Frederick Soddy, C. N. Hinshelwood. 

Ogj-awa, Shintaro, Institute of Chemistry, Faculty of Science, Tohoku 
Imperial University, Sendai, Japan. Japanese. Assistant in the Chemical 
Institute of the Tohoku Imperial University. I graduated at that University 
in 1926 with dissertation on “The Application of the Perkin Reaction to 
Phenolic Aldehydes.” Now engaged in research work in Organic Chemistry. 
(Signed by) Riko Majima, Shigeru ELomatsu, Hiroshi Nomura. 

Penrose, Mary Alice Marcia, Woodbury, 9, Grove Road, East Cliff, 
Bournemouth. English. Teacher of Chemistry. B.Sc., Lond., Chemistry. 
I desire to have access to the publications of the Society. (Signed by) James 
C. Philip, M. A. Whiteley, H. C. H. Carpenter. 

Pickering, Eric Charles, 14, Emperor’s Gate, S. Kensington, S.W. 7. 
British. Head of Chemistry Dept., The Borough Polytechnic Institute, 
London. Ph.D. (Glasgow). B.Sc. (London). A.I.C. 5 Years Lecturer in 
Chemistry, The Royal Technical College, Glasgow. Wilson and Pickering, 
“Derivatives of Semioxamazide,” J.C.S., 1923, 123, 394; 1924, 125, 1152; 
1925,127, 965. (Signed by) H. Lambourne, B. R. Heasman, H. S. Bolton. 

Pusey, Stanley Ernest, 54, Cranbury Rd., Fulham, S.W. 6. British, 
Student. Six years’ experience at Wellcome Chemical Research Laboratories. 
Now taking B.Sc, Honours Chemistry course at University College, London. 
(Signed by) T. A. Henry, H. Paget, W. H. Gray, T. M. Sharp, J. A. Goodson, 
0. L. Brady. 

Rao, Mysore Guru Srinivasa, Bangalore. Hindu. Professor of Chemis¬ 
try. (1) Has been a Lecturer since 1908 (Asst. Prof. 1912 and Prof. 1918) 

(2) Published a paper J. Amer. Chem. Soc . (1919) on “ cycfoPropanes ” (with 
Dr. E, P. Kohler). (3) Published a paper in 1923, “ Perfumery and Essential 
Oil Records.” (4) Published a paper in 1925 ( J.G.S .) “Substitution in 
Resorcinol Derivatives.” (Signed by) J, L. Simonsen, Roland V. Norris, 
M. O. Forster. 

Real, Alfred Leonard, 154, Southbury Road, Enfield, Mddx. British. 
Works’ Chemist, Enfield Cable Works, Ltd., Brimsdown, Mddx. University 
College* Southampton, 1918-1921. B.Sc. (Lond.), Honours Chemistry, 1920. 
(Signed by) D. R. Boyd, A. E. Clarence Smith, Bernard W. Crutehlow. 

Robertson, Alexander, Cloffrickford, Auchnagatt, Aberdeenshire. 
British. Assistant Lecturer, . Chemistry Dept., Manchester University; 
M.A, (Aberdeen University, 1919). B.Sc. (Glasgow University, April, 1922). 
Ph.D. (Glasgow University, 1924). (1) 1923,123, 1713. (2) 1923,123, 1849. 

(3) 1924, 125, 1992. (4) 1926, July, p. 1713, (5) 1926, Aug., p, 1951. 
(6) 1926, Oct., p. 2761. (Signed by) Arthur Lapworth, H. Raymond Ing, 
Wilson Baker, R. Robinson. 

Rowell, Sydney William, Christ Church, Oxford. British. Research 
Student of Christ Church. B.A. J.C.tf., 1925, 127, 2900; 1926, 128, 1872; 
1926,128,1881. (Signed by) W. H. Perkin, N. V. Sidgwick, A. S. Russell. 

Saunders, Bernard Charles, Pembroke College, Cambridge. British. 
Research Student. B.A. (Cantab.). 1st Class Honours, Part I, Natural 
Sciences Tripos. 1st Class Honours, Part II, Natural Sciences Tripos 
* ■ (Chemistry). (Signed by) W. J. Pope, W. H. Mills, Gordon E. Watts. 

ScHOiXELD, Maurice, 64, Oakleigh Rd., Clayton, Bradford. British. 
Senior ^Science Master, Worksop College, Notts. Student (Chemistry), 

I: v Ms^dalea College, Oxford, 1920-1924 (Demyship). Senior Science Master, 

" Worksop College, Notts., at present. B.A. Hons. (Oxon.). B.Sc. Hons. 
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(London). One year’s research, 1920-24. [Signed by) E. Hope, N. V. Sidg- 
wick, S. G. P. Plant. 

Schofield, Robert Kenworthy, M.A., Ph.D. University, Durham* 
British. University Lecturer in Physics, Durham, (a) Previous to present 
appointment part-time Demonstrator and Research Student in Chemical 
Laboratories, Cambridge. (6) Publications : Jointly with Dr. E. K. Rideal: 
“ The Kinetic Theory of Surface Films,” Parts I and II, Proc. Boy . Soc., 
1925, A, 109, 57; 1926, A, 110, 167. Alone : “An Experimental Verific¬ 
ation of Gibbs’ Adsorption Equation by Observing the Adsorption by Mercury 
of its own Ions from Solution, etc.,” Phil. Mag., 1926, (7), 1, 641. (Signed 
by) Irvine Masson, A. Killen Macbeth, G. H' Christie. 

Shaw, Florence Ruth, 64, Westfield Rd., Toller Lane, Bradford. British. 
Research Student, Organic Chemistry, Leeds University. B.Sc., 1st Class 
Honours Chemistry, Leeds University (1926). (Signed by) C. K. Ingold, 
P. K. Dutt, J. W. Baker, H. M. Dawson, W. Lowson. 

Shepherd, Rodney Thomas, Westminster Training College, Horseferry 
Rd., S.W. 1. English. Lecturer in Chemistry. B.A. Hons., First Class, 
Chemistry, Oxford. Research on “ The Electrical Absorption of Gases in 
Quartz Discharge Tubes ” (unpublished). “ The Direct Synthesis of Nitrous 
Oxide,” Chapman, Shepherd, and Goodman, Trans., June 1926, p. 1404. 
(Signed by) P. C. Austin, H. J. George, D. L. Chapman. 

Smith, Walter Lewis Lee-, 9, Newton Rd., Faversham, Kent. British. 
Temporary Assistant Chemist, Government Laboratory. B.Sc. (London). 

A. I.C. (Signed by) R. Robertson, A. More, Geo. Stubbs, Ernest M. Hawkins, 

B. D. Porritt. 

Snow, Percy Henry, “ Lamorna,” Greenhill Road, Moseley, Birmingham. 
British. Managing Director and Chief Chemist of the Eclipsol Oil Co., Ltd. 
Desires admission to the Society as Research Chemist in Lubricating Oils; 
much work being done at the request of other oil firms, and of a secret nature. 
(Signed by) Joseph Lones, Arthur Adams, J. H. Wood. 

Spedding, Kenneth, Mounthil l House, Chiekenley Lane, Dewsbury. 
British. Student in Chemistry. I desire to follow the progress of chemical 
investigation. (Signed by) Irvine Masson, C. W. Gibby, A. Killen Macbeth. 
G. H. Christie. 

Speight, Ronald, 8, Park View, Thornhill, Dewsbury, Yorks. British 
Student in Chemistry. I desire to keep in touch with the development of 
chemistry. ( Signed by) Irvine Masson, A. Killen Macbeth, G. H. Christie, 

C. W. Gibby. 

Spence, Robert, 18, Croft Avenue, South Shields. British. Research 
Student at Armstrong College, Newcastle-on-Tyne. 1st Class Hons. B.Sc. 
(Chemistry), Univ. of Durham, 1926. Shared Senior Pemberton Scholarship, 
1925. Shared Freire-Marreco Prize and Medal, 1926. (Signed by) G* R. 
Ciemo, H. V. A. Briscoe, P. L. Robinson. 

Stark, Allan Ramsay, 61, St. Vincent Crescent, Glasgow, C. 3. Scottish. 
Assistant Analyst, Anglo-Persian Oil Co., Ltd., Meadhurst, Sunbury-on- 
Thames, Middlesex. B.Sc. (Hons.), Glasgow. A.I.C. (Signed by) Thomas 
Gray, F. J. Wilson, R. M. Caven, M. M. J. Sutherland, W. M. Gumming. 

Steele, Alfr ed Raymond, 24, Newlands Avenue, West Hartlepool. 
British. Research Student. B.Sc. Lond., 1st Class. Honours, Chemistry. 

( Signed by) F. S. Kipping, B. D. Shaw, F. C. Laxton. 

Stevens, Mary El iza beth, 521, King’s Rd., Chelsea* S.W. 10. British. 
Student. Student of Chemistry in the University of London. (Signed by) 
Holland Crompton, J. F. Spencer, Jessie Stewart. 
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Storrie, Frederick Robert, B.Sc. (Glas.), A.I.C., 1, Carriagehill Drive, 
Paisley. Scots. Assistant to the Gardiner Professor of Organic Chemistry, 
The University of Glasgow. Part-time Demonstrator in Chemistry to Students 
of Engineering, 1923-26; Assistant in Org. Chemistry, 1926— ; Eesearch 

Student, 1923-26 (University of Glasgow). No papers published. ( Signed 
by) T. S. Patterson, J. Eoberts, S. Horwood Tucker, G. G. Henderson, T. S. 
Stevens. 

Story, Charles William Herbert, Woodside Vicarage, Horsforth, 
English. Student at Leeds University. 1st Class Honours B.Sc. (Technology). 
12 Months’ Eesearch. M.Sc. (Technology). ( Signed by) C. K. Ingold, E. B. 
Forster, A. G. Perkin. 

Tapley, Richard Arthur Beater, 234, Evering Eoad, Clapton, E, 5. 
British. Temporary Assistant Chemist, Government Laboratory. B.A. (2nd 
Class Hons.), Chemistry, Oxon. B.Sc., Chemistry, Oxon, 1924. Perkin and 
Tapley, J.C.S., 1924, 125, 2428. ( Signed by) R. Robertson, Geo. Stubbs, 

A. More. 

Turner, Arthur, 235, College St., Long Eaton, Nottingham. British. 
Chemical Eesearch at University College, Nottingham. B.Sc. (Lond.), 
A.I.C. (Signed by) F. S. Kipping, J. B. Firth, B. D. Shaw, F. C. Laxton. 

Vikden, Cyril Joseph, 24, Richmond Ed., Oxford. British. Research 
Student at Dyson Perrin Laboratory, Oxford. Pa&ed Part I Final Honours 
School of Chemistry of the University of Oxford. (Signed by) W« H. Perkin, 
J. M. Gulland, S. G. P. Plant, E. Hope. 

Walker, Robert Bruce, Buckingham, Que., Canada. Canadian-Scotch 
extraction. Research Assistant in Chemistry for Electric Reduction Co., 
Ltd. B.A. and M.A., Toronto. Two terms Assistant in Chemistry, Toronto 
University. Publication : Trans. Amer. El. Ghem. Soc., 46, 205. (Signed by) 
Alfred E. Macintyre, Frank T. Shutt, Frank G. Wait. 

Ward, Gilbert Oakley, 325, Superior Ave., Cleveland, Ohio, U.S.A. 
American. Technical Librarian, Cleveland Public Library. Graduate of 
Columbia College. A.B. P.B.K. Work involves co-operation with chemists 
and chemical engineers in research into chemical literature; also supervision 
of such work. Active Member Cleveland Engineering Society. ( Signed by) 
Olin F. Tower, H. T. Clarke, Edmund B. Middleton. 

Watson, Francis John, 28, Bishop’s Rd., Paddington, W. 2. British. 
Lecturer in Chemistry, Working Men’s College, Melbourne. M.A. M.Sc. 
(Melb.). (Signed by) James C. Philip, A. A. Eldridge, M. S. Shah. 

White, Albert Grbville, B.Sc. (Wales), A.I.C., “ Arthurlie,” 45, Cale¬ 
donia Rd., Saltcoats. Welsh. Research Scientist, Nobel Industries, Ltd. 
Author of various communications on the ignition and propagation of flame 
in gas- and vapour-air mixtures, including: J.G.S., 1919, 115, 1248 and 1462; 
1922, 121, 1244, 1688, and 2561; 1924, 125, 2387; 1925, 127, 48 and 672. 
(Signed by) Wm. Barbour, W. J. Jenkins, F. D. Miles. 

White, Edmund, 16 and 17, Cross Street, Hatton Garden, London, E.C. I. 
British. Chemical Manufacturer. Desires to receive the publications of the 
Society. (Signed by) H. B. Baker, C. S. Gibson, Robert H. Pickard. 

Wish art, Robert Scott, Copthorae, Fawley, Hants. British. Assistant 
Superintendent, Petroleum Oil Refinery. M.A., D.Sc. (Edinburgh). 
- u Synthesis of Inosit ” (with H. Wieland), Ber., June, 1914, p. 2082. Research 
Chemis t, B.D.C. (1919-25). “Constitution of iaoCyanine ” (with W. H. 
Milk), 1920. (Signed by) W. H. Perkin, F. H. Garner, W. H. Mills. 

Wood, Borman Edward, 422, Brockley Rd., Crofton Park, S.E. 4. British, 
^Research Student. B.Sc. (1st Class Hons., Chemistry, Bristol). “ The 
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Boiling Points of some n-Aliphatic Hydrocarbons ” (1926, p. 1420). (Signed 
by) F. Francis, R. C. Menzies, T. Malkin. 

Yadava, Lakshmi Narayan, Bareilly, Indian. Professor of Chemistry, 
Bareilly College. M.Sc., Allahabad University. Has been teaching chemistry 
for the last 12 years. Published “ Notes on Qualitative Analysis of Single 
Salts and a Chart for Group Analysis of Inorganic Bases.* 9 (Signed by) K. C. 
Pandya, N. A. Yajnik, E. T. Dean, 

Yamamoto, Ryo, Chemical Department, University, Manchester. Japanese. 
Professor of the Agricultural College of Taiwan, Japan. Graduate of Tohoku 
University, Japan. Dr. of Agricultural Chemistry of Tokyo University. 
Have done Research Work under Prof. U. Suzuki, M.I.A., 10 years. Wrote 
a paper, “On the Insecticidal Principle of Insect Powder 99 (Sci. Paper of 
the Inst, of Ph. and Chem . Res. in Tokyo , 1925, 3, 193). Now working under 
Prof. R. Robinson, F.R.S., in the University, Manchester. (Signed by) 
Robert Robinson, Arthur Lapworth, Ernest W. Wignall. 

The following Certificates have been authorised by the Council for 
presentation to ballot under Bye-Law I (2): 

Hall, Clarence A., 7951, Winston Road, Chestnut Hill, Phila., Pa. 
American Citizen. Asst. Factory Engineer, Electric Storage Battery Co., 
Philadelphia, Penn. Graduate of University of Pennsylvania, Class, 1896. 
Member of following societies: American Institute of Chemical Engineers, 
American Institute of Mining and Metallurgical Engineers, American Electro¬ 
chemical Society, American Chemical Society, American Ceramic Society, 
Faraday Society, Society of Chemical Industry, Franklin Institute (Member 
Board Managers—Chairman of the Committee of Science and Arts). For 
30 years chemical, electro-chemical, and chemical engineering work has 
occupied my time. U.S. as well as foreign patents cover some of my work. 
I have neither published nor delivered any papers; corporations as a rule 
are not eager to make public the investigations, improvements, or changes 
in their methods. (Signed by) Wilder D. Bancroft. 

Harris, Cecil Edward Gad win, 188, Montpelier Rd., Durban, Natal, 
S.A. British South African. Chemist and Druggist. Late Student of the 
Natal Technical College. (Signed by) Charles Douglas Golding. 

Moitra, Ganesh Chandra, 42, Barr Street, Rangoon. Bengalee Hindu. 
Assistant Chemist, Harcourt Butler Institute of Public Health, Burma, 
Rangoon. (1) Passed the B.Sc. degree Exam, of the Calcutta University 
in 1919 with distinction (with Physics, Chemistry, and Maths.). (2) Served 
for about 2 years as Chief Chemist in the Howrah Flour Mills, Bengal. 
(3) Working for about 3 years as Lecturer in Physics and Chemistry in the 
Govt. Training Class for Public Health Inspectors, Rangoon. (Signed by) 
Thein Kin, Maung Ba San. 

Silberman, Isaac, Bedford Pharmacy, Yeoville, Johannesburg, S.A. 
British. Chemist and Druggist. Late Lecturer Physics, Johannesburg 
College. Demonstrator Practical Chemistry. F.I.C. Student. (Signed by) 
Bennett A. Jacobson, Max Rubin. 
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ADDITIONS TO THE LIBRARY. 

I. Donations. 

Abderhalden, Emil. [Editor.] Handbuch der biologischen 
Arbeitsmethoden, Abt. I. Chemische Methoden, Teil II, Heft ii. 
Berlin 1926. pp. 71 to 216. ill. (Reed. 7/1/27.) 

From the Publishers : Herren Urban & Schwarzenberg. 

Bryant and May Museum of Fire-making Appliances. 
Catalogue of the exhibits. Compiled, with an introduction and 
notes, by Miller Christy. London 1926. pp. viii + 255. ill. 
(Reference.) 5s. net. 

From the Publishers : Messrs. Bryant & May, Ltd. 

Kent-Jones, Douglas William. A study of the effect of heat 
upon wheat and flour especially in relation to strength. Dover 
1926. pp. vi +.116. ill. (Reed. 22/12/26.) 

From the Author. 

Kolthoff, J. M. With the collaboration of Heinrich Menzel. 
Die Massanalyse. Teil I. Die theoretischen Grundlagen der 
Massanalyse. Berlin 1927. pp. xii + 254. ill. M. 10.50. (Reed. 
14/1/27.) From the Publisher : Hery* Julius Springer. 

Research Association of British Flour-Millers. 2nd Annual 
Report, 1924-25, etc. London 1925 +• From the Director. 

Sano, Shizuwo. Scientific papers. Tokyo 1926. pp. xii + 340. 
(Reed. 5/I/27.) From the Publishing Committee. 

Scientific and Industrial Research, Department of. The 
cleaning* and restoration of museum exhibits: third report upon 
investigations conducted at the British Museum. London 1926. 
pp. 70 -H 58 plates. (Reference.) 5s. net. From the Director. 

Thoms, Hermann. Handbuch der praktischen und wissen- 
schaftliehen Pharmazie, Vol. VI. Part ii. Berlin 1926. pp. 241 
to 480. M. 10. (Reed. 22/12/26.) 

From the Publishers : Herren Urban & Schwarzenberg. 

Thorpe, Jocelyn Field, and Whiteley, Martha Annie. A 
student’s manual of organic chemical analysis, qualitative and 
quantitative. Reissue, with appendix on new methods of organic 
analysis, by Henri Ter Meulen and J. Hesiinga. London 1926. 
pp. x + 250. ill. 9s. net. (Reed. 17/1/27.) 

From the Authors. 

II. By Purchase. 

Claude, Georges. Air liquide, oxyg&ne, azote, gaz rares. 2nd 
edition. Paris 1926. pp. iv -f 424. ill. 32/n (Reed. 22/12/26.) 
^Oushny, Arthur Robertson, Biological relations of optically 
isomeric substances. London 1926. pp. ix + 80. ill. 9s. net. 
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Fritz, Felix. Das Linoleum und seine Fabrikation mit beson- 
derer Beriicksicbtigung seiner Geschichte, Eigenscbaften und Ver¬ 
wendung. Berlin [1926]. pp.377. ill. if. 25. (Reed. 29/12/26.) 

Gatteeosse, R, M. Distillation des plantes aromatiques et des 
parfums. Paris 1926. pp. vi +152. ill. 16.50 fr. (Reed. 
29/12/26.) 

Kayser, Heinrich. Tabelle der Hauptlinien der Linienspektra 
aller Elemente nach Wellenlange geordnet. Berlin 1926. pp. viii + 
198. M. 24. (Reed. 30/12/26.) 

Keghel, Maurice re. Traits general de la fabrication des 
colies, des glutinants et matieres d’apprets. Paris 1926. pp. iv + 
714. ill. 154 fr. (Reed. 29/12/26.) 

Lorenz, Richard, and Eitel, Wilhelm. Pyrosole : das kol- 
loide Phanomen in der gliihend fliissigen Materie und seine Erstar- 
rungs-zustande. Unter Beriicksichtigung des latenten photograph- 
iseben Bildes. (Kolloidforscbung in Einzeldarstellungen.) Leipzig 
1926. pp. x + 290. if. 20. (Reed. 18/12/26.) 

Mark, Hermann. Die Verwendung der Rontgenstrahlen in 
Chemie und Technik. Leipzig 1926. pp. xvi + 528. ill. if. 50. 
(Reed. 29/12/26.) 

Meyer, Julius. Der Gaskampf und die chemiscben Kampstoffe. 
2nd edition. Leipzig 1926. pp. xiv + 470. ill. Jf. 20. (Reed. 
18/12/26.) 

Mohlau, Richard, and Bucherer, Hans Theodor. Farben- 
chemiscbes Praktikum. 3rd edition. Berlin 1926. pp. x + 390 + 
7 pattern cards, if. 22. (Reed. 18/12/26.) 

Muller, Erich. Die elektrometrische (potentiometrisebe) Mass- 
analyse. 4tbedition. Dresden 1926. pp. viii+246. ill. if. 14. 
(Reed. 18/12/26.) 

Nernst, Walther. Tbeoretiscbe Cbemie. llth-15th edition. 
Stuttgart 1926. pp. xvi+ 928. ill. if. 50. (Reed. 21/12/26.) 

Ryschkewitsch, Eugen. GrapbitCbarakteristik, Erzeugung, 
Verarbeitung und Verwendung. Leipzig 1926. pp. xii + 324. 
ill. if. 16.50. (Reed. 18/12/26.) 

Scheiber, Johannes, with tbe collaboration of Kurt SAndig. 
Lacke und ibre Robstofie. Leipzig 1926. pp. xviii + 642. ill, 
Jf. 32.40. (Reed. 29/12/26.) 

Schcen, M. Le problems des. fermentations: les faits et les 
hypotheses. Paris 1926. pp. iv + 200. ill. 21.50 fr. (Reed. 
22/12/26.) 

Suveen,' Karl, Die kiinstliche Seide: ibre Herstellung und 
Verwendung. 5th edition. With tbe collaboration of H. Freder- 
king. Berlin 1926. pp. xx + 1108, ill. M. 64.50. (Reed. 
29/12/26.) 



16 


Verne, J. Les pigments dans Forganisme animal: ehimie, 
morphologie, physiologie, ethologie. Paris 1926. pp. xvi + 604. 
ill. 28 fr. (Reed. 29/12/26.) 

Weimarn, Petr Petrovic yon. Die AUgemeinheit des Kolloid- 
zustandes : kolloides und kristalloides Losen und Niederschlagen. 
Translated from the Russian by S. F. Slokasow. 2nd edition. 
Edited by Alfred Ktjhn. Vol. I. Dresden 1925. pp. xvi + 506. 
Ul. Jf. 27. (Reed. 18/12/26.) 

III. Pamphlets. 

Guild, John. A trichromatic colorimeter suitable for standardis¬ 
ation work. (From the Trans. Optical Soc., 1925-6, 27.) ill. 

Mines Department. Safety in Mines Research Board. Paper 
No. 29. The pressure wave sent out by an explosive. Part II. 
By William Payman and W. C. F. Shepherd. London 1926. 
pp. 28. ill. 

Nielsen, Roger. The Emil Christian Hansen Memorial erected 
in Ribe by the Alumni Association of the Wahl-Henius Institute, 
Chicago. Copenhagen [1926]. pp. 30. 

Penfold, Arthur Ramon. Some industrial uses of the oil of 
Eucalyptus phellandra. (Sydney Technological Museum Bulletin , 
No. 11.) 1926. pp. 6. 

Roth, George B. A consideration of arsphenamine and certain 
other organic arsenic compounds used in the treatment of syphilis. 
(From the U.S. Public Health Reports, 1921, 36.) 

-Keeping qualities of market samples of neoarsphenamine 

while in ampule. (From the U.S. Public Health Reports, 1921, 36.) 

Scientific and Industrial Research, Department of. Report 
of test on the “ fusion” rotary retort installed at the works of Electro- 
bleach and By-products, Ltd. London 1926. pp. vi + 21. ill. 

—— The anodic oxidation of aluminium and its alloys as a 
protection against corrosion. London 1926. pp. iv + 40. ill. 

-Second Report of the Gas Cylinders Research Committee. 

(Periodical heat treatment.) London 1926. pp. iv + 29 + 13 
plates. 

-— Building Research . Technical Paper No. 3. The per¬ 
meability of Portland cement concrete. By W. H. Glanvjlle. 
London 1926. pp. vi + 50. ill. 

—-— Technical Paper No. 4. The determination of free lime 

in hydraulic cement. By Frank: Lawrence Brady and Francis 
J5hn .McConnell. London 1926. pp. iv + 13. 

—Technical Paper No. 5. The consistence of cement 
mortars, and concrete. ; By N. Davey. London 1926. 
+ 54. ilL 




PROCEEDINGS 


OP TECH 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, February 3rd, 1927, at 
8 p.m. s Professor H. Brereton Baker, C.B.E., D.Sc., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

Charles E. Beadnell. Feb. 7th, 1861. Jan. 26th. 

John Webster ... May 6th, 1909. Jan. 20th. 

Neilson Brown and R. W. Morris were formally admitted Fellows 
of the Chemical Society. 

Certificates were read for the first time in favour of: 

David Henry Burton, B.Sc., A.R.C.S., A.I.C., 49, Rayleigh Road, Wimbledon, 
S.W. 19. 

Edwin Herbert Bunce, A.I.C., 37, Northcote Road, Walthamstow, E. 17. 
Edgar Dawn Copley, B.A., B.Sc., 36, Lee Terrace, Blackheath, S.E, 3. 

John Gurney, B.A., Walsingham Abbey, Norfolk. 

Leonard Joseph Hooley, B.A., A.I.C., 11, Newhouse Road, Grangemouth. 
George Robert Howard, B.Sc., 32, Gilpin Street, Peterborough. 

Arthur William Knapp, B.Sc., F.I.C., Trinidad, Pine Apple Rd., King’s Heath, 
Birmingham. 

Herbert Joseph Millward, Ivydene, Gravelly Lane, Erdington, Birmingham. 
Otto Leslie Shaw, Betula, Park View Road, New Eltham, S.E. 9. 

Allan George Tyler, B.Sc., 48, Bentley Street, Lockwood, Huddersfield. 
Albert Denny Usher, B.Sc., 106, Bolingbroke Grove, S.W. 1L 

The folio-wing papers were read: 

“ The nature of the alternating effect in carbon chains. Part XIV. 
The directive action of some groups of the form -CR'R/'-COR’ 
in aromatic substitution.” By J. W. Baker and C. K. Ingold. 
“ The nature of the alternating effect in carbon chains. Part XVII. 
The directive action of the groups •CH 2 , CH 2 *NO a , <JH:CH'N0 2 , 
and •C(N0 2 )'.CHR in aromatic substitution.” By J. W. Baker 
and I. S. Wilson. 

“ The Stcirch equation, a general dilution formula, and the validity 
of the law of mass action at limiting dilutions.” By A. 
Ferguson and I. Vogel. 
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“ The calculation of the equivalent conductivity of aqueous solutions 
of strong electrolytes at infinite dilution. Part II. Application 
to data at 0°, 18°, and 25° C.” By A. Ferguson and I. Vogel. 

“ The calculation of the equivalent conductivity of aqueous solutions 
of strong electrolytes at infinite dilution. Part III. The 
mobilities of the hydrogen and the hydroxyl ions.” By A. 
Ferguson and I. Vogel. 


Meeting held in the Lecture Hall of the Institution of Mechan¬ 
ical Engineers, Storey’s Gate, S.W. 1, on Thursday, February 10th, 
1927, at 8 p.m., Professor H. Brereton Baker, C.B.E., D.Sc., 
F.E.S., President, in the Chair. 

Professor Dr. Ernst Cohen delivered the Kamerlingh-Onnes 
Memorial Lecture. A vote of thanks to the Lecturer, proposed by 
Professor F. G. Donnan, F.E.S., and seconded by Sir James Walker, 
F.E.S., was carried with acclamation, Professor Dr. Cohen making 
acknowledgment. __ 

Ordinary Scientific Meeting, Thursday, February 17th, 1927, at 
8 p.m., Professor H. Brereton Baker, C.B.E., D.Sc,, F.E.S., 
President, in the Chair. 

Certificates were read for the first time in favour of : 

Charles McKenley Cameron, 146, Whalley Road, Clayton-le-Moors, Accrington. 
Richard Chadwick, B.A., 101, Whitefriar’s Avenue, Wealdstone. 

Ronald Kington Christy, B.Sc., 3, Crieff Road, Wandsworth, S.W. 18. 
William Herbert Hatfield, D.Met., Muswell Lodge, Brincliffe Crescent, 
Sheffield. 

James Hutchison McGregor, A.I.C., Avenue Cottage, Alexandria, Dum¬ 
bartonshire. 

Tarak Nath Majumdar, 11, Belvedere Road, Calcutta, India. 

Dorothy May Lyddon Rippon, B.A., Springfield House, Abingdon, Berks. 
Carl Bowen Ward, B.A., Woodcroft, Newburn, Northumberland. 

Charles Barnett Wingfield, 36, Clarendon Gardens, Wembley. 

Dr. A, D. Mitchell and Mr. H. Paget were eleoted Scrutators, and 
a ballot for the election of Fellows was held. The following were 
subsequently declared elected as Fellows : 

Cameron Gordon Anderson, B.Sc. Satyendra Nath Chakravarti, M.Sc. 
Gilbert Edward Arehey, M.A. Cecil Chilvers, B.Sc., A.I.C. 

Erie Sidney Bacon, B.Sc*, A.I.C. Robert Edward David Clark. 

Marie Bagnall, M.Sc. John Stanley Davies, B.Sc. 

MoRieBarr. Bhfmbhai Nichfrabhai Desai. 

Bertie Kennedy Blount. Lena Winifred Frost, B.Sc. 

Edmond Johnson Boake, B.A, Henry Frank Gillbe, B.Sc., A.I.C. 

Sydney Thomas Bowden, B.Sc., Kirpal Singh Santosh Gujral, B.Sc., 
A.I.C. LL.B. . • 

George Richard Butterfield. Clarence A. Hall. 
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Cecil Edward Gadwin Harris. 
William Houneyman, B.Sc., F.I.C. 
Hubert Ivor Hughes, B.Sc. 

Alfred Dudley Husband, A.I.C. 
Peter Jayaweera Jayaratne, B.Sc. 
Arthur Frederick Jones, B.Sc. 
Brynmor Jones, B.Sc. 

David Idris Jones, B.Sc. 

Sin-Iti Kawai. 

Alexander Anderson Kennedy. 
Alfred William Keyes. 

Ernest Leese. 

Alkin Lewis, B.Sc., A.I.C. 

Reginald Patrick Linstead, Ph.D., 
D.I.C. 

Edward Hubert Lockton, B.Sc., 
A.R.C.S. 

Charles William Long, B.Sc, 

Daniel Donald Moir, B.Sc. 

Ganesh Chandra Moitra, B.Sc. 

Rt. Hon. Sir Alfred Moritz Mond, 
Bart., M.P. 

Matthew Morris. 

Masuo Murakami, M.Sc. 

Roger Saxon Nickalls. 

Shintaro Ogawa. 

Mary Alice Marcia Penrose, B.Sc. 
Eric Charles Pickering, Ph.D., B.Sc., 
A.I.C. 

Stanley Ernest Pusey. 

Mysore Guru Srinivasa Rao. 

Alfred Leonard Read, B.Sc. 
Alexander Robertson, M.A., B.Sc., 
Ph.D. 


Sydney William Rowell, B.A. 
Bernard Charles Saunders, B.A. 
Maurice Schofield, B.A., B.Sc. 

Robert Kenworthy Schofield, M.A., 
Ph.D. 

Florence Ruth Shaw, B.Sc. 

Rodney Thomas Shepherd, B.A. 
Isaac Silberman. 

Walter Lewis Lee Smith, B.Sc., 
A.I.C. 

Percy Henry Snow. 

Kenneth Spedding. 

Ronald Speight, 

Robert Spence, B.Sc. 

Allan Ramsay Stark, B.Sc., A.I.C. 
Alfred Raymond Steele, B.Sc. 

Mary Elizabeth Stevens. 

Frederick Robert Storrie, B.Sc., 

A. I.C. 

Charles William Herbert Story, 
M.Sc.Tech. 

Richard Arthur Beater Tapley, B.A., 

B. Sc. 

Arthur Turner, B.Sc., A.I.C. 

Cyril Joseph Viiden, B.A. 

Robert Bruce Walker, M.A. 

Gilbert Oakley Ward, A.B. 

Francis John Watson, M.A., M.Sc. 
Albert Greville White, B.Sc., A.I.C. 
Edmund White. 

Robert Scott Wishart, M.A., D.Se. 
Norman Edward Wood, B.Sc. 
Lakshmi Narayan Yadava, M.Sc. 

Ryo Yamamoto. 


The following papers were read: 

“ The mechanism of the reaction between a carboxylic ester and a 
Grignard reagent.” By D. R. Boyd and H. H. Hatt. 

“ The production of fog in the neutralisation of alkali with hydrogen 
halides. 55 By H. 0. Askew. 

“ Constituents of Myopurum laeium, Forst. (the “ Ngaio ”). 
Part II. Hydrogenation of ngaione and ngaiol, and dehydr¬ 
ation of ngaiol.” By F. H. McDowall. 


ANNUAL GENERAL MEETING 

The Annual General Meeting will take place on Thursday, March 
24th, 1927, at 4 p.m., when the President, Professor H. Brereton 
Baker, C.B.E., D.Se., F.R.S., will deliver his address. 
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ANNIVERSARY DINNER. 

The Anniversary Dinner of the Society will be held at the Hotel 
Victoria, King Edward VHth Rooms, Northumberland Avenue, 
W.C. 2, on Thursday, March 24th, 1927 (the day of the Annual 
General Meeting), at Seven for Half-past Seven o’clock. 

The Presidents of the Belgian, Dutch, French, German, and 
Italian Chemical Societies have been invited by the Council to the 
Dinner, and it is hoped that there will be a large and representative 
gather of Fellows present. 

Tickets, price Twelve Shillings and Sixpence (12s. 6cZ.) each, 
including gratuities to waiters, can be obtained from the Assistant 
Secretary, Chemical Society, Burlington House, Piccadilly, W. 1. A 
remittance for the number of tickets required, made payable to 
S. E. Carr, must accompany each application. 

LIST OF FELLOWS, 1927. 

It has been decided to print the List of Fellows for 1927 and to 
supply the List to those Fellows who make application to the 
Assistant Secretary by July 31st, 1927. 


List of Papers, or Abstracts thereof, received between January 20th 
and February 3rd, 1927. (This List does not include the titles of 
papers, or abstracts thereof, which have been read at an Ordinary 
Scientific Meeting, or which have appeared in the Journal.) 

“ The constituents of the cell-wall of the flax fibre.” By A. E. 
Cashmore. 

“ Heterocyclic organic compounds of arsenic. Part I. The action 
of chloroacetamide on 3:4-diaminophenylarsinic acid.” By 
A. J. Ewins, G. Newbery, and R. W. E. Stickengs. 

“ The constitution of the disaccharides. Part XII. Lactose.” 

By W. N. Haworth and C. W. Long. 

“ The labile nature of the halogen atom in organic compounds. 

Part XIH” By H. Graham, A. K. Macbeth, and W. B. Ore. 
“ Derivatives of 2-phenyl-l: 3-benzdithiole.” By W. R. H. 
Hurtle y and S. S mil es. 

“ The molecular conductivity of cadmium iodide in acetonitrile.” 
By F. K. V. Koch. 

“The influence of groups and associated rings on the stability of 
certain heterocyclic ring systems. Part I. The substituted 
glutarimides.” By S. S. G. Slrcar. 

Apparatus for the deter m ination of viscosities under various 
conditions, and discussion of the errors due to velocity changes 
in the moving liquid, surface tension, and air-buoyancy.” By 
i-A E. Masters and A. E. Goddard. 
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‘‘ Studies of aromatic thionyl and chlorotMonyl deriyatiyes. Part 
II. 1 : 2-Thionyldihydroxyanthracene and 2 : 3-thionyldi- 
hydroxy anthracene. 5 ’ By A. Green. 

“ The properties of conjugated compounds. Part II. Addition to 
butadiene esters.” By E. H. Farmer and A. T. Healey. 

“ A note on the properties of malonic anhydride (carbon suboxide) 
C 3 0 2 .” By M. J. Edwards and J. M. Williams. 

“ A new synthesis of oxyberberine and a synthesis of palmatine.” 
By R. D. Haworth, J. B. Koepeli, and W. H. Perkin. 

“ Melezitose and turanose.” By G. G. Leitoh. 

“Note on the preparation of 2-methylacenaphthpyridine.” By 
J. Stewart. 

“ Reduction of nitroaromatic compounds by sugars : constitution 
of azoxy- and azo-compounds.” By T. C. Chaudhuri. 

“ Studies of electrolytic polarisation. Part VI. Electro-deposition 
potentials of alloys of zinc with iron, cobalt, and nickel.” By 
S. Glasstone. 

“ The stereochemistry of the hydronaphthalenes. Part II. 
Decahydro-(3-naphthoic acid and its optical resolution.” By 
B. Beilensohn and F. W. Kay. 

“ The isomerism of the oximes. Part XXIX. Isomeric p-nitro- 
benzyl- and methyl-ethers of some aldoximes.” By O. L. 
Brady and L. Klein. 

“ The decomposition of carbon monoxide in the corona due to 
alternating electric fields. Part II.” By It. W. Lent and 

R. V E NKATES WAR AN. 

The properties of the chlorides of sulphur. Part I. Freezing 
points.” By T. M. Lowry, L. P. McHatton, and G. G. 
Jones. 

“ The vapour pressure of intensively-dried nitrogen tetroxide.” By 
J. W. Smith. 

“ The action of nitric acid on unsaturated hydrocarbons. The 
action of nitric acid on acetylene and ethylene.” By P. V. 
McKie. 

“ Molybdenyl salts and the co-ordination number of oxygen,” By 
W. Wardlaw and R. L. Wormell. 

<c The isomerism of the oximes. Part XXX. The preparation of 
o-methoxybenzaidoxime from bisnitrosyl-o-methoxybenzyl.” 
By 0. L. Brady and C. L. Bennett. 

“ Studies in polymerisation. Part I. 2:3: 4-Trimethyl-Z-arabono- 
lactone.” By H. D. K. Drew and W. N. Haworth. 

“ On the photobromination of cyclohexane.” By B. J. Wood and 
E. K. Rideal. 

<c A method for the determination of total carbon in the soil 
solution.” By C. F. Flint. 
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“A method for the determination of carbon dioxide in the soil 
solution.” By C. F. Flint. 

“ l-Methoxy-l'-carboxy-diphenyl and its demethylation with 
thionyl chloride.” By H. 6. Rule and E, Bretscher. 

“ Optical activity and the polarity of substituent groups. Part 
VII. sec.-p-Octyl hydrogen terephthalate and the isomeric 
$$c.-0-octyl ehlorobenzoates.” By H. G. Rule, T. R. Pater- 
son, and A. H. Numbers. 


ADDITIONS TO THE LIBRARY. 

I. Donations . 

Association of British Chemical Manufacturers. British 
Chemicals, their manufacture and uses : being the official directory 
of the Association of British Chemical Manufacturers. London 
1927. pp. 242. (Reference.) 10$. M. net. 

From the Publishers : Messrs. Ernest Benn. 

Cramer, Marc. Les sucres et leurs derives. Paris 1927. 
pp. xiv + 354. ill. 28 fr. (Reed. 9/2/27.) 

From the Publishers : MM. Gaston Doin et Cie. 

Dewar, Sir James. . Collected papers. Edited by Lady Dewar 
[and others]. With two supplementary papers not heretofore 
published. 2 vols. Cambridge 1927. pp. xxii + 674, x, 675 to 
1490. ill. 84s, net. (Reed. 21/2/27.) From Lady Dewar. 

Dootson, Frederick William, and Berry, Arthur John, 
First principles of chemistry. Cambridge 1927. pp. viii + 340. 
ill. 6$, net. (JSecrf. 26/1/27.) 

From the Syndics of the Cambridge University Press. 

Grossfeld, Johann. Anleitung zur Untersuchung der Lebens- 
mittel. Berlin 1927. pp. xii + 410. ill. M . 22-50. (Reed. 
9/2/27.) From the Publisher : Herr Julius Springer, 

Institut International de Chboe Solvay. Deuxieme Conseil 
de Chimie tenu a Bruxelles du 16 au 24 Avril 1925. Structure et 
activity chimiques. Rapports et discussions. Paris 1926. pp. xiv 
+ 672. ill. (Reference.) 96jfr. From Mr. J. Pryce Jones, 

Maclean, Hugh, and Maclean, Ida Smedley. Lecithin and 
allied substances. The Hpins. [2nd] edition. London 1927. 
pp. viii + 220. 10$, 6£. net. (Reed. 9/2/27.) 

From the Publishers: Messrs. Longmans, Green & Co. 

MendelJeeff, Dmitri Ivanovich. The law of periodicity. 
(Classics of Natural Science, Vol. 15.) Moscow 1926. pp. viii + 
256. ill. [In Russian.] (Reed. 6/1/27.) 

From Professor JB. N. Menschuthin. 



23 


Mensohutkin, Boris Nikolaevttsoh. Carbocyclic compounds 
Leningrad 1926. pp, viii + 388. [In Russian.] {Reed. 6/1/27.) 

From the Author- 

Oddo, Giuseppe. Trattato di chimica inorganica. Palermo 
1925. pp. xvi -f- 868. ill. L . 75. {Reed. 18/1/27.) 

From the Author. 

Sio Paulo. Faculdade de Medicim. Arrnaes. Vol. I. Sao 
Paulo 1926. pp. xx + 384. ill. {Reference.) 

From the Faculty. 

Society op Public Analysts and other Analytical Chemists. 
Decennial Index to The Analyst. Vols. XLI-L (1916-1925). 
Compiled by M. B. Elliott. Cambridge [1926]. pp. 354. {Refer¬ 
ence.) From the Council. 

II. By Purchase . 

Cellulosechemie. Wissenschaftliche Beiblatter zu der Zeit- 
schrift “Der Papier-Fabrikant.” Year VII, etc. Berlin 1926 + • 
{Reference.) 

Chimte et Industrie. Dix ans d J efforts scientifiques et indus- 
triels. 1914-1924. 2 vols. Paris [1926]. pp. xxxii + 1552, vi + 
1508. ill. (Reference.) 

Doyle, Aida M. [Editor.] Digest of patents relating to coal- 
tar dyes and allied compounds. United States patents issued prior 
to January 1, 1924. Easton, Pa. 1926. pp. viii + 586. (Refer¬ 
ence). 90$. net. 

Fischer, Joseph. Die Zerstaubungserscheinungen bei Metallen 
unter besonderer Berueksichtigung der mechanisch-thermischen 
Zerstaubung und der elektrischen Stoffverdampfung. (Fortschritte 
der Chemie, Physik und physikalischen Chemie, Vol. XIX.) Berlin 
1927. 

Gahrod, Archibald Edward. Inborn errors of metabolism. 
2nd edition. London 1923. pp. viii + 216. 7s. 6 d. net. (Reed. 
28/1/27.) . 

Gattermann, Ludwig. Die Praxis der organischen Chemikers. 
20th edition. Edited by Heinrich Wielanp. Berlin 1927. 
pp. xii + 382. ill. M. 15. (Reed. 5/2/27.) 

Hawk, Philip Bopvier, and Bergeim, Olae. Practical physio¬ 
logical chemistry. 9th edition. Philadelphia 1926. pp. xviii+ 
932. ill. 28s.net, (Reed. 28/1/27.) 

Kaye, George William Clarkson. High vacua. London 
1927. pp. xii + 176. ill. 10s. 6 d. net. (Reed. 28/1/27.) 

KoLLorocHEMiscHE Technologle. Ein Handbuch kolloid- 
chemiseher Betrachtungsweise in der ehemischen Industrie und 
Technik. Edited by Raphael Ed. Liesegang. Parts I-VI 
Dresden 1926-27. M. 5 per part. (Reed. 10/2/27.) 
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Michaelis, Leonor. Hydrogen ion concentration: its signific¬ 
ance in the biological sciences and methods for its determinations. 
Vol. I. Authorised translation from the 2nd . . . German edition. 
By William A. Perlzweig. Baltimore 1926. pp. xiv + 300. 
ill. 225. 6d. net. {Reed. 1/2/27.) 

Ostwald, Wilhelm. Lebenslinien: eine Selbstbiographie. 
Vols. I and II. Berlin 1926-7. pp. viii + 268, xii + 446. ill. 
M. 17-50. {Reed. 10/2/27.) 

Rideal, Eric Keightley, and Taylor, Hugh Stott. Catalysis 
in theory and practice. [2nd edition.] London 1926. pp. xvi + 
516. ill. 20s. net. (Reed. 1/2/27.) 

Schultz, Gustav. Die Chemie des Steinkohlenteers mit beson- 
derer Berucksichtigung der kiinstlichen organischen Farbstoffe. 
4th edition. Vol. I. Edited by Erwin Ferber. Braunschweig 
1926. pp. viii+ 568. ill. M. 42-50. (Reed. 10/2/27.) 

Stain Technology. Published by the Commission on Stand¬ 
ardisation of Biological Stains. Vol. I, etc. Geneva, N.Y. 
1926 +, (Reference.) 

Tague, Edgar L. Casein: its preparation, chemistry, and 
technical utilization. [New York] 1926. pp. vi + 218. ill. 17 s. 
net. (Reed. 28/1/27.) 

Waite, Arthur Edward. The secret tradition in alchemy: 
its development and records. London 1926. pp. xxii + 416. 
15s.net. (Reed. 28/1/27.) 

Waksman, Selman A., and Davison, Wilburt C. Enzymes: 
properties, distribution, methods, and applications. [Baltimore, 
Md.] 1926. pp. xiv + 364. ill. 255. net. (Reed. 28/1/27.) 

III. Pamphlets. 

Dey, Biman Bihari. Presidential address. (From the Proc . 
13 th Indian Science Congress, Sectiob of Chemistry.) 1926. 

Donald, Robert. A Wassermann micro-technique needing only 
occasional titration of the complement. (From the Brit. J. Derm. 
Syphilis , 1923, 35.) 

Gbongham, Conrad Theodore, Massee, A. M., and Tatters- 
field, Frederick. A quantitative examination of the toxicity of 
3:5-dinitro-o-cresol and other compounds to insect eggs, under 
laboratory and field conditions. (From the Ann . Applied Biol., 
1926,13.) 

Government Laboratory. Report of the Government Chemist 
... for the year ending 31st March, 1926, etc. London 1926 +. 

International Conference on the Biological Standardiz¬ 
ation of Certain Remedies, Second. (From the TJ.S, Public 
Betitth Reports, 1926, 41.) 



PROCEEDINGS 


Ofl THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, March 3rd, 1927, at 8 p.m., 
Professor H. Brereton Baker, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the Society, 
through death on February 17th, of Mr. Montague Williams, who 
was elected a Fellow on February 15th, 1923. 

The following list of nominations for vacant places on the Council 
was read from the Chair: 

Vice-President who has filled the office of President (one vacancy): 
Harold B. Dixon. 

Vice-Presidents who have not filled the office of President (two 
vacancies): 

G. G. Henderson and Arthur Smithells. 

Ordinary Members of Council: 

(a) Town Members, i.e., those resident within 50 miles of 
Charing Cross (three vacancies): 

E. R. Bolton, J. C. Drummond, and J. F. Spencer. 

(b) Country Members, i.e., those resident beyond 50 miles from 
Charing Gross (three vacancies): 

M. P. Applebey, J. E. Coates, and E. K. Rideal. 

The following were formally admitted Fellows of the Chemical 
Society: R. T. Shepherd, G. B. Scott, F. J. Watson, N. E. Wood. 

Certificates were read for the first time in favour of: 

Robert Andrew, Old Park Road, Belfast. 

William Barklamb, 48, BrookmiU Road, Deptford, S.E. 13. 

Fritz Alfred Bate, B.Sc., 50, Eastwood Lane, Westclifi-on-Sea. 

William Bradley, M.Sc., 130, New Bold Street, Leigh, Lanes. 

Charles Forrester, F.I.C., Indian School of Mines, Dhanbad, India. 

Gerald Charles Leake Griffin, Ministry of Labour, Whitehall, S.W. 1. 

James Charles Harral, 201, Bradford Road, Batley. 

Norman Holt Hartshome, M.So., A.I.C., 40, Druslyn Road, West Cross* 
Swansea. 

Jason Louis Edward Lewkowitsch, A.R.C.S., 71, Priory Road, N.W. 6. 
Ernest Matthews, M.So., A.R.C.S., 44, Badminton Road, Balham, S.W. 12. 
John Tomlinson, B.Sc.Tech., 33, Windsor Road, Levenshulme, Manchester. 
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The following papers were read : 

“The decomposition of carbon monoxide in the corona due to 
alternating electric fields. Part II.” By R. W. Lunt and It. 
Venkateswaran . 

“ The properties of the chlorides of sulphur. Part I. Freezing- 
points.” By T. M. Lowry, L. P. McHatton, and G. G. J ones. 


Ordinary Scientific Meeting, Thursday, March 17th, 1927, at 
8 p.m., Professor H. Brereton Baker, C.B.E., D.Sc., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. 

Arthur William Crossley ... Dec. 4th, 1890. 

James Alfred Kendall .Dec. 17th, 1874. 

Edmund Felix Mondy.;. Dec. 17th, 1879. 

Ira Remsen (Honorary Fellow) . Jan. 20th, 1898. 


Died. 

Mar. 5th, 1927. 
Mar. 1st, 1927. 
April 20th, 1926. 
Mar. 1927. 


and stated that the following. resolution had been passed at the 
Council Meeting held that afternoon : 


The Council desires to express, on behalf of the general body 
of Fellows, its deep sorrow and sense of loss in the death of 
Br. Arthur W. Crossley. Since his election 36 years ago, Dr. 
Crossley has served on the Council for a period of 23 years, 
filling with conspicuous zeal and ability the offices of Secretary, 
Foreign Secretary, and President. 

In offering to Mrs. Crossley its sincere sympathy in her great 
loss, the Council desires to record its high appreciation of the 
distinguished services rendered by Dr. Crossley not only to the 
Society, but to the science of Chemistry and its application to 
industry. 


The company present expressed their concurrence in this resolution 
by rising from their places. The Society was represented at the 
funeral on March 9th by Professor H. B. Dixon, other present and 
past members of Council, and the Assistant Secretary. 

The President announced that in accordance with Bye-Law II, 
Professor Dr. Richard Willstatter, of Munich, was proposed by the 
Council as an Honorary Fellow of the Society, and that a ballot 


on April 7th, a 
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Certificates were read for the first time in favour of: 

Keith Lester Beak, 25, Chadwick Road, Leytonstone, E. 11, 

Thomas Eric Ellison, 22, Kelvin Parade, Belfast. 

Thomas Alfred Jenkinson, B.Sc,, 5, Glebe Street, Marsh, Huddersfield. 

Louis Arnold Jordan, D.Sc., A.R.C.S., E.I.C., 14, Parklands, Surbiton. 

Alfred William Mond, B.A., 104, Eaton Place, S.W. 1. 

John Hopkinson Parker, 57, Grafton Road, Keighley. 

Arthur Shortt, B.Sc., St. Andrews, Clayton Road, Newcastle - on -Tyne. 

Robert Louis Wormell, Coniston, Stoke Park, Coventry. 

The following papers were read : 

“ Tetrachloro-(triaminopropane-y-monohydrochloride)-platmum ) a 
new type of optically active complex salt.” By F. G. Mann. 

“ The activation of wood charcoal by progressive oxidation in 
relation to bulk density and iodine adsorption.” By A. B.P. 
Page. 

“ The parachor and chemical constitution. Part V. Evidence for 
the existence of singlet linkages in the pentachlorides of phos¬ 
phorus and antimony.” By S. Sugden. 


LIST OF FELLOWS, 1927. 

It has been decided to print the List of Fellows for 1927 and to 
supply the List to those Fellows who make application to the 
Assistant Secretary by July 31st, 1927. 


List of Papers, or Abstracts thereof, received between February 
17th and March 17th, 1927. (This List does not include the titles 
of papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 

ce Acid and salt effects in catalysed reactions. Part VII. The 
tridimensional co-ordination of catalytic variables. Relations 
between the data for pure acids and the corresponding minimum 
velocity mixtures.” By H. M. Dawson. 

“ The gelatin precipitation test for tannins.” By A. E. Jones. 

“ The solubility of potassium ferrocyanide in water at temperatures 
up to 25° C.” By R. H. Vallance. 
lt Reactions of incandescent tungsten with nitrogen and with water 
vapour.” By C. J. Smithells and H. P. Rooksby. 

“ The nature of the alternating effect in carbon chains. Part XVIII. 
Mechanism of exhaustive methylation and its relation to 
anomalous hydrolysis.” By W. Hanhart and C. K. Ingold. 
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“ The constitution of certain salts and acids in solution by observ¬ 
ations of critical solution temperatures.” By S. R. Carter 
and N. J. L. Megson. 

** A micro-method for the estimation of nitrate in soil solutions and 
extracts.”' By C. F. Flint. 

“ The determination of carbonyl in aldehydes and ketones.” By 
G. W. Ellis. 

“ A note on the Schwartzchild law with reference to photographic 
spectrophotometry.” By F. Simeon. 

“New fluorides of selenium.” By E. B. R. Prideaux and C. B. 
Cox. 

“ Investigations in the diphenyl series. Part Y. Derivatives of 
4-aminodiphenyl and diphenic acid.” By P. Bell and P. H. 
Robinson. 

“ a(3-DichIoro p-bromo vinyl ethyl ether.” By I. A. Smith. 

“ Studies of precipitated solids (especially SrS0 4 and CaS0 4 ).” By 
P. P. von Weimarn. 

“ The optically active diphenylhydroxyethylamines and isohydro¬ 
benzoins. Part I.” By J. Read and C. C. Steele. 

“Higher substitution products of 4-aminodiphenyl.” By H. A. 
Scarborough and W. A. Waters. 

“ The iodination of o-nitrophenol.” By H. H. Hodgson. 

“The interaction of ethyl acetoacetate with distyryl ketones. 
Part III. oriAoHydroxychlorodistyryl ketones.” By I. M. 
Heilbron and R. Hill. 

* 

“ Jackson and White’s synthesis of phenanthrene.” By J. Kenner 
and J. Wilson. 

“ The basic character of the acetxylides and its influence on the 
course of their substitution.” By H. E. Dadswell and 
J. Kenner, 

“ The dicarbazyls. Part II. 9 :9'-Dicarbazyl and its halogen 
derivatives.” By J. McLbftogk and S. H. Tucker. 

“ The influence of groups and associated rings on the stability of 
certain heterocyclic ring systems. Part H. The substituted 
suceinimides.” By S. S. G. Sircar. 

“ The influence of groups and associated rings on the stability of 
certain heterocyclic ring systems. Part III. Substituted 
paraconic acids ” By S. S. G. Sircar. 

“ The interaction of alkali sulphites with some halogeno-compounds, 
and the optical resolution of a-phenylpropanesulphonic acid*” 
By E. B. Evans, E. E. Mabbott, and E. E. Turner. 

“The periodic electro-deposition of metals through secondary 
reaction.” By E. S. Hedges. 

“ Rperidine as a general reagent for the determination of con- 
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stitution of halogeno-nitro-compounds. The nitration of 
4 : 4'-dffialogeno-diphenylmethane and s-diphenylethane.” By 
R. J. W. Le F£vre and E. E. Turner. 

“ The laws of sympathetic vibrations. Unisons and octaves/’ By 
A. T. S. Clark. 

“ Some experiments with 1:8-naphthalyl chloride.” By W. 
Davies and G. W. Leeper. 

“ The disulphonation of m-dichlorobenzene and of 5 -trichloro¬ 
benzene.” By W. Davies and H. G. Poole. 

“ The recovery of pinene from its nitrosochloride.” By J. C. Earl 
and J. Kenner. 

“ Kesearches on residual affinity and co-ordination. Part XXIX. 
Cupric salts stabilised by ethylenediamine.” By G. T. Morgan 
and F. H. Burstall. 

“ The purification of acetic acid. The estimation of acetic anhydride 
in acetic acid.” By K. J. P. Orton and A. E. Brad field. 

“The chlorination of anilides. The directing influence of the 
acylamino-group.” By K. J. P. Orton and A. E. Bradfield. 

“The constitution of sulphur dioxide in solution. Part I. The 
influence of hydrochloric acid on the distribution ratio oi 
sulphur dioxide.” By S. R. Carter and A; E. T. Neale. 

“ The constitution of sulphur dioxide in solution. Part II. The 
influence of temperature on the distribution ratio of sulphur 
dioxide,” By S. E. Carter and A. E. T. Neale. 

“ The solubility of sulphur dioxide in water, chloroform, and 
westron.” By S. E. Carter and A. E. T. Neale. 

“Acid and salt effects in catalysed reactions. Part VIII. The 
determination of hydrolytic velocity coefficients from iso- 
catalytic data. Reaction velocities in buffer solutions and 
compound catalytic catenaries.” By H. M. Dawson. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, MAY 5th, 1927. 


Andrew, Robert, Old Park Road, Belfast, British. Pharmaceutical 
Chemist. Member of the Pharmaceutical Society of Northern Ireland, 
licentiate of the Pharmaceutical Society, Irish Pree State. No published 
communications. Interest in current advances in chemistry, particularly in 
relation to pharmacy and medicine. {Signed by) Theo. Harper, James Dundee, 
D. Hughes, P. J. Thompson, D. P. Woosley. 

Barklamb, William, 48, Brookmill Road, Deptford, S.E. 13. English, 
Asst. Chemist. Student at the Sir John Cass Technical Institute (Adv, 
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Organic Chem.). Wish to keep in touch with the latest advances in Chemistry 
and would appreciate the use of the Library. (Signed by) E. de Barry Bar¬ 
nett, W. V. Lloyd, J. L. Wiltshire. 

Bate, Fritz Alfred, 50, Eastwood Lane, Westcliff-on-Sea, Esses. British. 
Student. B.Sc., 2nd Hons., London. 4 Years East London College. 1 Year 
research, Battersea Polytechnic. (Signed by) J. Kenyon, F. Bell, Henry 
Phillips. 

Bear, Keith Lester, 25, Chadwick Road, Leytonstone, E. XI. British. 
Assistant in Engineer-in-Chief’s G.P.O. Test Section, Chemical Dept., Studd 
St., N. 1. (Signed by) Bernard W. Crutchlow, W. Williamson, A. H. Durrant. 

Bradley, William, 130, Hew Bold Street, Leigh, Lancs., British. 
Research Student. Graduated 1924. B.Sc. (Hons..), University of Man¬ 
chester. M.Sc. Degree, 1925, University of Manchester. <c Hydrolytic 
Fission of some Substituted Dibenzoylmethanes, 5 5 J.C.S., 1926,2356. (Signed 
by) Robert Robinson, Arthur Lapworth, Frederick Challenger. 

Bunce, Edwin Herbert, 37, Northcote Road, Walthamstow, Esses. 
British. Works Chemist to Grays, Colors, & Dyes, Ltd. A.I.C. Formerly 
for 5 years in the laboratory of Dr. Bernard Dyer. (Signed by) Bernard Dyer, 
George Senter, George Taylor, F. J. Thomeycroft. 

Burton, David Henry, 49, Rayleigh Road, Wimbledon, S.W. 19. British. 
Research Assistant. B.Sc. (1st Class Hons., London). A.R.C.S. A.I.C. 
(Signed by) C. S. Gibson, J. Davidson Pratt, M. A. Whiteley. 

Cameron, Charles McKenley, 146, Whalley Road, Clayton-le-Moors, 
Accrington. British. Chemist and Druggist. Member of the Pharma¬ 
ceutical Society. 1915-1919, Lancashire and Cheshire Institute Course 
(certificates with honours). 1920-1921, Student, Manchester College of 
Pharmacy (certificate of proficiency). 1922 onwards, giving instruction to 
students preparing for the Chemist and Druggist Qualifying Examination, 
Part I (Chemistry and Physics). Completed the Major Course for the 
Pharmaceutical Chemists Diploma. Present reading up Metallurgical 
Chemistry and the Analysis of Food and Drugs. (Signed by) H. Brindle, 
J*. W. Bell, Jules Cofman Mcoresti. 

Chadwick, Richard, 133, Whitefriar’s Avenue, Wealdstone, Middlesex. 
British. Natural Science Tripos, Part II, Chemistry, 1925, 2nd Class. B.A., 
Honours, Cambridge, 1925. Research work in Metallurgy under Mr. C. T. 
Heycock, F.R.S., for 18 months. (Signed by) A. J. Berry, Hamilton McCombie, 
F. W. Dootson. 

Christy, Ronald Kington, 3, Crieff Road, Wandsworth, S.W. 18. British. 
University Demonstrator. B.Sc. (Lond.), 2nd Class Honours in Chemistry. 
Demonstrator in Biochemistry. (Signed by) A. J. Allmand, Samuel Smiles, 
H. Gordon Reeves. 

Corley, Edgar Dawn, Bulawayo, S. Rhodesia. British. Works Chemist. 
Degrees: B.Sc. (South Africa) (Physics and Chemistry). B.A. and B.Sc. 
(Oxon.) (Chemistry). (Signed by) J. L. Wiltshire, M. Farrow, J. K. Marsh, 
M. P. Applebey, S. G. P. Plant, J. M. Gulland, E. Hope. 

Ellison, Thomas Eric, 22, Kelvin Parade, Belfast, NX English. Uni¬ 
versity Assistant in Chemistry. Assistant in Chemistry in the Queen’s 
University of Belfast, 1924-1927. (Signed by) A. W. Stewart, H. Graham, 
W. H. Crowe. 

Forrester, Charles, Indian School of Mines, Dhanbad, Bihar and Orissa, 
India. British. Professor of Chemistry and Assaying, Indian School of 
Mines, Dhanbad, Bihar and Orissa, India, E.I.R. Associate Heriot-Watt 
College, Edinburgh. Fellow of the Institute of Chemistry. Several years 
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Lecturer in Chemistry and Assaying at the Heriot-Watt College, Edinburgh. 
[Signed by) John Dali, J. J. Blaekie, Eric Knott. 

Griffin, Gerald Charles Leake, Ministry of Labour, Montagu House, 
Whitehall, S.W. 1. British. Civil Servant. Foundation Scholarship in 
Exp. Sc., Trinity College, Dublin. Senior Moderatorship, B.A., Large Gold 
Medal, Exp. Sc. (Chem. and Phys.), Dublin Univ. I desire to keep in touch 
with the progress of Chemistry. (Signed by) Sydney Young, Emil. A. Werner, 
Kenneth C. Bailey, A. jG. G. Leonard, James Bell. 

Gurney, John, Walsingham Abbey, Norfolk. British. Eesearch Student. 
Part I, Honour School of Chemistry, Oxford, 1926. (Signed by) W. H. Perkin, 
S. G. P. Plant, J. Masson Gulland. 

Harral, James Charles, 201, Bradford Ed., Batley, Yorks. English. 
Analytical Chemist (Assistant). With Messrs. F. W. Eichardson and A, 
Jaff4, Public Analysts, etc., Bradford. Over five years’ pupilship with 
Messrs. Eichardson and Jaff6, with whom he is now Assistant. (Signed by) 
Frederick William Eichardson, Adolph Jaff6, Herbert Hodgson. 

Hartshorne, Norman Holt, 40, Druslyn Eoad, West Cross, Swansea. 
British. Assistant Lecturer in Inorganic and Physical Chemistry, University 
College, Swansea. Late Demonstrator in Inorganic and Physical Chemistry, 
Bedford College, University of London. M.Sc. (B’ham.). A.I.C. Published 
work (in J.C.S.): “System Ferric Oxide-Phosphoric Acid-Water,” 1923, 
123, 2223; “Apparatus for Viscosimetric Determination of Transition 
Points,” 1924, 126, 2096; “ System Ferrous Oxide-Phosphoric Acid-Water,” 
1926, 363. (Signed by) J. E. Coates, L. E. Hinkel, E. E. Ayling. 

Hatfield, William Herbert, Muswell Lodge, Brincliffe Crescent, Sheffield. 
British. Principal of the Brown Firth Eesearch Laboratories, Princess St., 
Sheffield. D.Met. (Sheffield), F.Inst.P. M.Inst.Mech.E. Papers given.to 
Eoyal Society, Iron and Steel Inst., Inst, of Metals, Inst. Meeh. Eng., etc. 
(Signed by) Hick E, Evans, Cecil H. Deseh, W. P. Wynne. 

Hooley, Leonard Joseph, 11, Newhouse Road, Grangemouth, Stirling¬ 
shire. English. Chemist. B.A. (Cantab.). Natural Science Tripos, Part II, 
Chemistry, 2nd Class, 1920. A.I.C. (Signed by) W. J. Pope, W. H. Mills, 
John Thomas. 

Howard, George Eobert, 32, Gilpin St., Peterborough. British. 
Teacher of Chemistry (Junior Science Master, Skipton Grammar School). 
1st Class Hons. B.Sc. (Honours School of Chemistry, TJniv. of Sheffield). 
Desirous of receiving Journal and keeping in touch with recent research. 
(Signed by) W. P. Wynne, F. G. Tryhorn, G, M. Bennett, Arthur W. Chap¬ 
man, W. F. Wyatt. 

Jenkinson, Thomas Alfred, 5, Glebe St., Marsh, Huddersfield. English. 
Eesearch Student and Part-time Teacher. B.Sc. (London). Diploma in 
Chemistry, Hudd. Tech. College. Laboratory Assistant at British Dyestuffs 
Corporation, Ltd., 1918-1921. Day-student at Huddersfield Technical 
College, 1921-1927. (Signed by) Herbert H. Hodgson, L. Gordon Paul, 
James Bruce. 

Jordan, Louis Arnold, 14, Parklands, Surbiton, British, Director 
Paint and Varnish Eesearch Assoen. D.Sc. (London). A,E.C.Sc. (London). 
D.I.C. F.I.C. J.C.&, 1916, p. 387. (Signed by) Jocelyn Thorpe, James C. 
Philip, H. F. Harwood. 

Knapp, Arthur William, “ Trinidad,” Pine Apple Ed., King’s Heath, 
Birmingham. British. Chief Chemist, Messrs. Cadbury Bros., Bournville. 
B.Sc. (Lond. and Birm.). F.I.C. M.I.Chem,E. Papers in the Analyst: 
1909, 12; 1910, 385; 1912,3; 1913,102; 1919, 2; 1923, 486. Papers in 
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the Journal of the Society of Chemical Industry : Dec. 1910; 1911, 165; 
1914, 158; 1915, 1121; 1918, 240t; 1924, 124t and 402r; 1925, 453t; 
1926, 123t and 140t. {Signed by) Wm. Wardlaw, W. J. Hickinbottom, 
S. R. Carter, J. D. Main Smith. 

Lewkowitsch, Jason Louis Edward, 71, Priory Rd., NW. 6. British. 
Student. At present engaged in Physical Chemistry research. A.R.C.S. 
{Signed by) James C. Philip, H. J. T. Ellingham, J. H. G. Carlile. 

McGregor, James Hutchison, Avenue Cottage, Alexandria, Dumbarton- 
shire. British. Technical Chemist, The United Turkey Red Co., Ltd., 
Glasgow. Associate of The Royal Technical College, Glasgow (A.R.T.C.). 
Associate of The Institute of Chemistry (A.I.C.). Formerly Research Chemist 
with The British Alizarine Co., Ltd., Manchester. {Signed by) William M. 
Cumming, M. M. J. Sutherland, R. M. Caven, John A. Cranston. 

Majumdar, Tarak Nath, 11, Belvedere Road, Calcutta. Hindu. Health 
Officer, Corporation of Calcutta and Professor of Hygiene, Carmichael Medical 
College, Calcutta. D.P.H. D.T.M. F.R.S.E. Late Asst. Analyst, Cor¬ 
poration of Calcutta, 1908-11. Examiner in Hygiene and Public Health 
for M.B. Examination, University of Calcutta, 1913-27. Examiner in D.P.H. 
(Chemistry, Physics), University of Calcutta, 1921-23. Professor of Hygiene, 
Carmichael Medical College. (Signed by) Tin Kari Ghose, Chuni Lai Bose, 
Beni Madhub Chakravarti. 

' Matthews, Ernest, 44, Badminton Rd., Balham, S.W. 12. British. 
Demonstrator in Chemistry, Medical School, Guy's Hospital. M.Sc. A.R.C.S. 
D.I.C. J.C.S., 1926, 2270. ( Signed by) John H. Carlile, A. T. Healey, J. T. 

Evans. 

Mellward, Herbert Joseph, “ Ivy dene,” Gravelly Lane, Erdington, 
Birmingham. British. Lecturer’s Assistant, Birmingham University* 
Senior Laboratory Steward, King Edwards Grammar School, 3 years. Army 
Dispenser, R.A.M.C. (T.F.), 4 years. Lecturer’s Assistant, Birmingham 
University, 7 years. I am desirous of keeping in touch with Chemical pro¬ 
gress. ( Signed by) W. N. Haworth, S. R. Carter, E. L. Hirst, 

Mond, Alfred William, 104, Eaton Place, London, S.W. 1. British. 
Assistant Works Manager, Brunner, Mond & Co., Ltd., Northwich. B.A., 
Cambridge. 3 Years’ research at Oxford. (Signed by) F. A. Freeth, F. G. 
Donnan, N. V. Sidgwick. 

Parker, John Hopkxnson, 57, Grafton Road, Keighley, Yorks. English, 
Assistant Brewer and Chemist. Studied Chemistry under Mr. H. Harper, 
B.Sc., AJR.C.Sc., A.I.C., F.C.S.; Mr. L. M. Stockdale, B.Sc., M.Sc., F.C.S., 
and Mr. J. Ross-Mackenzie, F.C.S., F.R.M.S., and am desirous of receiving 
the publications of the Society. (Signed by) Herbert Hobson, Harry Harper, 
Leonard M. Stockdale. 

Rippon, Dorothy May Lyddon, Springfield House, Abingdon, Berks. 
British. Research Student, B.A., Oxon. (Chemistry), Honours. (Signed 
by) W. H. Perkin, S. G. P. Plant, J. M. Gulland, E. Hope. 

Shaw, Otto Leslie, “Betula,” Park View Rd., New Eltham, S.E. 9. 
English. Analytical Chemist (in the employ of the Shell-Mex Oil Co., Ltd.). 
Delivered course of lectures on the Growth of Chemistry. (Signed by) George 
Senter, F. J, Thorneycroft, A. M. Ward, Samuel Sugden, 

Shortt, Arthur, St. Andrews, Clayton Rd., Neweastle-on-Tyne, British. 
Industrial Chemist, B.Sc. (Hons.), Durham. Barrister-at-Law. Years’ 
Research Chemist, United Alkali Co., Ltd. Now Pelaw Main Colliery Co. 
(Signed by) P. Phillips Bedson, J. A. Smythe, P. L. Robinson. 

Tomlinson, John, 33, Windsor Road, Levenshulme, Manchester. British. 
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Research Student (Geology Department of Manchester University). B.Sc. 
(Tech.), Honours, Fuel. (Signed by) W. H. Brindley, T. K. Walker, John 
K. Wood. 

Tyler, Allan George, 48, Bentley Street, Lockwood, Huddersfield. 
British. Besearch Student. Student, Leeds University, 1923-26. Hons. 
B.Sc., Colour Chemistry, 1926. Draper’s Co.’s Besearch Scholarship, Hudders¬ 
field Technical College, 1926-. (Signed by) P. K. Dutt, E. Phillis, G. V. Hall. 

Usher, Albert Denny, 106, Bolingbroke Grove, S.W. 11. British. 
Assistant Schoolmaster. B.Sc. (London). Post-graduate Student of 
Chemistry. Wishing to keep in touch with the progress of the subject. 
(Signed by) J. W. Cook, E. de Barry Barnett, P. C. L. Thorne. 

Ward, Carl Bomen, Woodcroft, Newbum, Northumberland. English. 
Student (Emmanuel College, Camb.). Intends to be teacher in Chemistry. 
B.A. (Cambridge). Nat. Science Tripos, Pt. I. At present training for 
Diploma in Education with Endorsement in Chemistry. (Signed by) John 
S. Bousfield, B. G. W. Norrish, F. W. Dootson. 

Wingfield, Charles Barnett, 36, Clarendon Gdns., Wembley, Middlesex. 
British. Senior Asst. Chemist with Messrs. A. Duckham <& Co., Ltd., Oil 
Befiners and Lubricant Manufacturers, 6, Broad Street Place, E.C. 2. Four¬ 
teen years’ experience of practical laboratory work with the above firm. 
Associate Member Institution Petroleum Technologists. (Signed by) A. Duck- 
ham, Bobert Bedwood, S. Bowrey. 

Wormell, Bobert Louis, “ Coniston,” Stoke Park, Coventry. English. 
Besearch Chemist. Part-time Demonstrator in Chemistry, Birmingham 
University (1925-27).' J.C.S., 1924, 125, 2370; 1927, 130. (Signed by) 
Wm. Wardlaw, F. W. Pinkard, H. M. Spittle. 


ADDITIONS TO THE LIBRARY. 

I. Donations. 

Abderhalden, Emil. Handbuch der biologischen Axbeits- 
methoden. Abt XI. Chemische, physikalische und physikalisch- 
chemische Methoden zur Untersuehung des Bodens und der Pflanze, 
Toil 3, Heft. v. Berlin 1927. pp. 715 to 864. ill. M. 7.20. 
( Reed. 2 jd j21.) 

From the Publishers : Herren Urban & Schwarzenberg. 
American Medical Association. Annual Reports of the 
Chemical Laboratory. Vol. 17-18, 1924r-25. Chicago. (Refer¬ 
ence.) $1.25. From the Laboratory. 

Industrial Chemist and Chemical Manufacturer. Vol. 3, etc. 
London 1927+. (For circulation.) 

, From the Society of Dyers and Colourists. 

Journal of Pomology and Horticultural Science. Vol. V, 
etc. London 1925+. (Reference.) 

From the Bureau of Chemical Abstracts. 
Kuhlmann. Cent ans d’industrie ehimique. Les etablissements 
Kuhlmann 1825-1925. Paris 1926. pp. 138. ill. (Reed. 17/2/27.) 

From the Director. 
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Natuurwetenschappelijk Tijdschrift. Tolk van Afdeelingen 

1 en III van het Vlaamsch Natuur- en Geneeskundig Congres. 
Year VIII, etc. Antwerpen 1926 +. (j Reference.) 

From the Secretary. 

Schimmel & Co. Bericht uber atherische Ole, Biechstoffe usw. 
12 vols. Miltitz bez. Leipzig 1914-15, 1918-26. (Reference.) 

-Semi-annual [later, Annual] report on essential oils, synthetic 

perfumes, etc. 12 vols. Miltitz near Leipzig 1914-25. (Refer¬ 
ence.) From Messrs. Schimmel & Co. 

Van Nostrand’s Chemical Annual: a handbook of useful data 
for analytical, manufacturing, and investigating chemists, chemical 
engineers, and students. Edited by John C. Olsen and T. B, Le 
Compte. 6th issue, 1926. London 1927. pp. xvi + 882. ill. 
(Reference.) 21 s. net. 

From the Publishers : Messrs. Chapman & Hall. 
Weimarn, Peter Petrovic von. Kolloides und Kristalloides 
Loesen und Niederschlagen. 3 vols. Kyoto 1921. pp. xx + 
743 +■ 108 plates. (Reference.) 

From the Author, per Dr. William Clayton. 

II. By Purchase. 

Andrade, Edward Neville da Costa. The structure of the 
atom. 3rd edition, London 1927. pp. xx + 750, ill. 30a. net. 
(Reed. 11/3/27.) 

Austin, Joshua Harold, and Cullen, Glenn E, Hydrogen 
ion concentration of the blood in health and disease. Baltimore 
1926. pp. xii + 75. ill. 9$. net. (Reed. 11/3/27.) 

Auwers, Karl von. Uber die Bildung von Chinon-imiden und 
Phenoxazonen aus o-Amino-phenolen, Nach Versuchen von E. 
MtTRBE, K. Saurwein, G. Deines, und J. Schornstein. (Fort- 
schritte der Chemie, Physik und physikalisehen Cheruie, VoL 
XVIH.) Berlin 1924. 

Bean, Percy, and McCleary, William, The chemistry and 
practice of finishing. A practical treatise on bleaching, and the 
finishing of white, dyed, and printed cotton goods. 3rd edition. 
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ANNIVERSARY DINNER. 

The Anniversary Dinner of the Chemical Society was held at 
the Hotel Victoria (King Edward VII Rooms) on Thursday, March 
24th, 1927, at 7 for 7.30 p.m., the President, Professor H. B. Bakeb, 
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Thomas, N. Garrod. 

Thompson, G. E. 

Thompson, Mrs. G. E. 

Thorpe, J. F., C.B.E., F.R.S., 
Treasurer. 
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The following is a list of the Toasts proposed :— 


1. “ His Most Gracious Majesty The King.’* 

2. “ Her Majesty the Queen, His Royal Highness the Prince of 
Wales, and the other members of the Royal Family.” 

3. By The Right Honourable Viscount Sumner, G.C.B. 

“ The Chemical Society,” coupled with the name of the President. 

4. By Sm William J. Pope, K.B.E., LL.D., F.R.S. 

“ The Guests,” coupled with the names of 

(а) Sir Ernest Rutherford, O.M., 

President of the Royal Society (1662). 

(б) Professor Camille Matignon, 

representing the Societe Chimique de France (1857), 

(c) Hofrat Professor Dr. Wilhelm Schlenk, President, Deutsche 
Chemische Gesellschaft (1867). 


After the Loyal Toasts had been honoured. Viscount Sumner 
proposed the Toast of “ The Chemical Society ”; he said :— 

Mr. President, Ladies, and Gentlemen, I have the honour to 
propose to you the toast of “ The Chemical Society ” coupled with 
the name of the President, and I put it to you now, and if you agree 
with me, I hope you will honour it in the usual way. That is a toast 
which needs no further words in support of it, and therefore I am 
justified in sitting down at once. Your response is not what I 
expected, and I can only suppose it is due to the fact that I am 
a stranger here. 

When the President was so good as to ask me to this feast, he 
mentioned quite casually that it was the custom of the Chemical 
Society to include among the guests some persons who were not men 
of science, and it was in that capacity I understood I was invited/ 
It struck me at the time as being an excellent reason for extending 
your hospitality to such as I am, because, as I thought, it could not 
but be good for us to see chemists in their habit as they live—a most 
attractive way, I am sure. I must confess you are not quite what 
I expected, because the learning which I am quite sure is present 
in all of you is not in every case as ostensible as I thought it would 
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be. A few days later, I received a letter from him asking me to 
propose this toast, and then I had misgivings, for with what object 
conld a person, who was emphatically not a man of science, be asked 
to address the Chemical Society ? And I could only think of blind 
Samson being made sport of long ago. 

There used to be, when I was a boy, an excellent maxim which 
said, “ Little boys should be seldom seen and never heard/’ I 
might have understood coming here and being seen on this rare 
occasion, but I should not on any terms be heard at 4 all; yet here 
I am, entrusted with what is almost the toast of the evening and 
-called upon to address you. What shall I say 1 

I have been supplied, by the kindness of the Secretary, with a 
-quantity of printed information. There is a Report of the Council 
1926—7, and there is an account of the state of your finances, which 
I notice, like the national finances, are slightly on the wrong side. 
Then at the end there are debit and credit accounts, income and 
expenditure accounts, and accounts of the Research Fund and 
Publications Fund and the Special Publications Fund and the General 
Purposes Fund and sundry others. I have read this document, 
not without some hope that I should find in it what I should eventu¬ 
ally say to you, but except that I have discovered the very respect¬ 
able fact that this Society was founded in 1841 and has a flourishing 
number of Fellows—I think no fewer than 4093 —and that it is 
the practice of members of the Society to read papers to one another, 
with a warning that all manuscripts must be submitted in a legible 
and easily read handwriting—I am afraid I did not discover very 
clearly what bearing that printed document had on the speech I 
have to deliver to you. 

But sincerely I wish the prosperity, which attended you in 1841, 
•may continue till 1941 and 2041 and similar anniversaries. I 
should like to say something to you about chemistry, because that 
is the most humorous thing I can think of doing: to lay before a 
learned Society in my own original language 1 my views on your 
science. I should think that must be full of fun, but whether, as 
they say in the United States, the joke would be on me, I cannot 
say* Then I have the recollection that some time ago I made a 
speech at a learned Society, whose name at the moment I cannot 
recollect; I know Sir Ernest Rutherford was there as the guest 
of the evening, and somehow or other, I cannot discover how, I 
gave the deepest offence, because one of the subsequent speakers 
pointed out, in terms of strong complaint, that in the presence of 
/Sir Ernest Rutherford I had no right to speak about atoms in the 
light-hear^ 

Ton wffl tterefore see what a very restricted field I have before 
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me, and I am still waiting for that friendly lead to enable me to 
resume my seat, before I am at last compelled to say something 
about the subject of the toast, I have had no scientific training 
whatsoever, having parted from mathematics at fifteen, never to 
resume the most distant acquaintance with them, knowing nothing 
of chemistry except by way of making smells at school in a cellar 
by the river Esk, which Professor Baker knows as well as I do, and 
I have to confess that I have followed a calling in which absolute 
knowledge and abstract science are not merely at a discount, but 
not understood at all. I have therefore always conceived a great 
admiration—I do not say for abstract science, but for those sciences 
in which pure knowledge is the real goal of men and women of pure 
science. You see, among lawyers there is no such thing as the 
desire to know the law in the abstract. You read law in order to 
get briefs and in order to win cases (sometimes it does equally well 
to lose them), and to obtain that promotion which comes with 
good luck and sound digestion, but as to a burning flame of desire 
to know what the law on any and every subject is, we know nothing 
of it. 

I have always understood that, when you come to a man of pure 
science, he has no particular desire to advance human prosperity 
and to add to human happiness. Those things do come. Sometimes 
by accident he invents a gas, which prevents your feeling the pain 
of having your teeth pulled out; but his objective, his real goal, is 
to know, and to know more and more, and that is the charm of re¬ 
search. I was always told that your pride was to investigate some¬ 
thing which you did not know and which led you nowhere, and left 
you no wiser at the end than at the beginning. This was the kind 
of thing I was trying to say on the other occasion. It has always 
seemed to me a very high and noble thing, much too high and noble 
for me. As far as I have been able to make out, pure scientific 
research now is largely connected with things you cannot possibly 
get at and can only know about by finding out what they do—some¬ 
times very inconvenient things. I am told that no one has ever 
known what electricity is, except the undergraduate who said 
that he had known but had forgotten, but you find out curious 
effects in the way of making things twirl round and round, which 
the scientist has to use mysterious terms to explain. To take 
another example. We used to hear a lot about vitamins—thmgs 
that are only postulated, because when you come down to the bare 
bones of the subject, if you eat one thing you thrive and if you eat 
another thing you do not, and I believe that is at the bottom of the 
present theory of the things you carry about in untold millions in 
your veins, which eat one another up and thereby preserve you 
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from immediate dissolution. You are perpetually finding your- 
selves on the verge not only of the unknown, but also of the unknow¬ 
able, where you must postulate something you cannot possibly 
know”, because there is no other explanation of the things you do 
dimly perceive- Hence you must invent something that cannot 
possibly be known at all. 

In the course of the next four speeches, which may not have 
been entirely prepared beforehand, I expect to hear a word or two 
showing conclusively that abstract science is not really this at all, 
nor is this what it really means. All I can hope is that the Chemical 
Society will continue to pursue abstract science, to tread the noble 
path of knowledge for its own sake, to find (incidentally) advantages 
such as ought to attend on those who are entirely disinterested, 
and to flourish like a green bay tree. I give you the Toast of the 
Chemical Society, and ask your leave to couple with it the name of 
your President. 

The President in reply, thanked Viscount Sumner for the kind 
way in which he had proposed the Toast. He welcomed among 
the guests present, not only Viscount Sumner, but especially Prof- 
Matignon, the representative of the French Chemical Society, and 
Prof. Schlenk, the President of the German Chemical Society, and 
stated that but for an attack of influenza, Prince Ginori Conti, the 
President of the Italian Chemical Society, would also have been with 
us. Their readiness to join in the Annual Meeting of the Chemical 
Society showed that not only in politics, but also in Science, the 
spirit of Locarno had begun to prevail. The President then referred 
to the loss sustained by the Society of the oldest and the youngest 
of its Past Presidents, Sir William Tilden and Dr. Crossley, and 
concluded his speech by pointing out the danger of publishing 
insufficiently considered hypotheses. 

In proposing the Toast of “■ The Guests/ 9 Sir William J. Pope 
stated that among the Guests present were not only men dis¬ 
tinguished in Chemistry and in other branches of science, hut also 
eminent men not associated with science. Though experiencing 
difficulty in making his selection, he coupled with the Toast the 
names of Sir E. Rutherford, President of the Royal Society, Pro¬ 
fessor Camille Matignon, representing the French Chemical Society, 
and Hofrat Professor Dr. W. Schlenk, President of the German 
Chemical Society. 

In responding, Sir Ernest Rutherford said:— 

Mr* President, my Lord, Ladies, and Gentlemen, it is a very great 
pleasure for me to be present here this evening, for I feel that I am 
among friends, and it is also a very great pleasure for me to reply* 
I am afraid very inadequately, to the toast of your Guests. I 
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am sure we are all very grateful for your hospitality and we appre¬ 
ciate the good company we have had this evening. I must also 
express my personal thanks to my colleague, Sir William Pope, 
for the kind way he has spoken of me. I do not remember any 
previous occasion when Pope and I have spoken on the same subject 
when sparks did not fly, but this evening must be an exception. 
In the very complimentary remarks about me and my work, I noted 
a certain sub-acidness which is characteristic of my friend. In 
this connexion, I am reminded of the stories which I used to 
read when I was in Canada, some twenty years ago, of the con¬ 
versations between Mr. Dooley and Mr. Henessey, and there is 
one which I think is somewhat appropriate this evening. Mr. 
Henessey and Mr. Dooley were discussing the little troubles that 
have arisen from time to time between America and ourselves, 
and after an amusing dialogue, Dooley ended up the conversation 
in this way. He said, 64 After all, what can one expect from members 
of the same family with the same common language of abuse ! ” 

I have been acclaimed as a chemist this evening, and I feel very 
proud of the fact, but I know the regard in which I am held by my 
chemical friends is due to the fact that I am entirely ignorant of 
chemistry, and they all know it. During my life, however, I have 
made several minor incursions into the pure chemical arena, and 
it may be of interest if I briefly recall them, since I take a certain 
pride in my temerity. 

Some of you may remember that many years ago Professor 
Boltwood of Yale University made the discovery that a preparation 
of actinium, carefully purified, grew radium at a rapid rate. This 
was a very important experiment, since it indicated that actinium 
was the long-looked-for radioactive parent of radium. I happened 
to have an actinium preparation in my laboratory, and after certain 
chemical treatment I obtained two fractions, both of which showed 
the characteristic radiating properties of actinium. One of these 
fractions grew radium at a rapid rate, whilst the other—a much 
more active preparation—did not grow radium at all. It was thus 
clear that actinium could not be the parent of radium, and Pro¬ 
fessor Boltwood was able to show later that the substance which 
he had supposed to be actinium, from the chemical properties, 
assigned to it, was not actinium at all, but a new element which 
he named ionium. My friend Boltwood informed me, and I am 
sure quite rightly, that my luck in separating the two fractions was 
purely accidental, and due to the inadequacy of the chemical 
treatment which I had used. 

The other incursion I made was some twenty years ago. I was 
asked by the late Sir William Ramsay to come to a meeting of the 
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Chemical Society in Burlington House to hear a paper by him 
on the volume of the radium emanation, that is, the volume of 
this gas -when in equilibrium with one gram of radium. In an inter¬ 
esting lecture, he concluded that this volume was about ten cubic 
millimetres. Now, like Professor Baker, I make theories and some¬ 
times stick to them. From certain calculations, I had estimated 
that the volume of the emanation must be about one cubic milli¬ 
metre, so I intimated to the lecturer that I was fairly sure that 90 
per cent, of the gas he had measured must be due to impurities. 
He naturally retorted that he was dealing with facts and that the 
theories must be altered to fit them. As a result of special experi¬ 
ments on the purification of the emanation, I was able to show, years 
later, that this first estimate of Ramsay was of the wrong order of 
magnitude i I have had such good luck in these chemical incursions 
that I do not propose to venture again. 

Sir William Pope has told you that in a century’s time I or my 
successor will not be a Professor of Physics, but professor of an 
evanescent science to be swallowed up by the advance of chemistry, 
I look at it from a rather different angle, and you can make what 
deduction you care to from the fact that I have a laboratory along¬ 
side Professor Pope, who has allowed me to occupy a part of his. 
We are also very sensible of the great work this Society has done 
for Chemistry since its foundation. There has been, as Sir William 
Pope has said, a very close relation between physics and chemistry 
during the last twenty years, and I hope that this may long be 
continued, and that in our individual directions we may continue 
to react with one another, but I hope with not too much heat. 
Although many advances have been made, we physicists recognise, 
probably even more than chemists, how relatively little we have 
accomplished and how much there is to be done before we can really 
tackle the great problem of chemical combination, which is, after 
all, the main raison d'etre of this great Society. 

While our knowledge of atomic structure has grown rapidly in 
recent years, it is still far from completion. It is at present going 
through a great change, due to the application of a new or wave 
mechanics to atomic problems. This new method has proved very 
powerful and fruitful in attacking certain types of problems, but 
has the disadvantage that it does not specify the position or motions 
of the electrons which make up the structure of the outer atom. 
The whole subject is at the moment in a transition stage, hut we may 
hope to see a considerable clarification during the next four years. 
I hope there will also emerge new methods for attacking the funda¬ 
mental problem of chemistry, namely, the way in which two or 
g more dements combine. 
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A number of attacks have already been made on this question,, 
some by men I see around me, but we cannot but recognise that it 
is a problem of great difficulty and complexity. We know little 
in detail of the magnitude and nature of the forces which bind 
atoms together, but I have sometimes thought that the natural 
way would first be to study the combination of atoms of matter of the 
same kind in the crystalline form, for example in metals. If an 
explanation can be found for the simplest combinations, it may 
lead to an attack of the more complex problem of combination of 
atoms of different kinds. Everyone must recognise the importance 
of this problem, for, after all, we ourselves and the world about us 
are examples of such chemical combinations, but fundamentally 
we know little, and have much to learn. I am hopeful that ultim¬ 
ately the physicist may be able to throw light on this greatest of 
problems which lies at the basis of chemistry. 

Before concluding, I would like to refer to the great work initiated 
by your President by that study of matter in pure form, or rather 
in the dry form, which has shown such peculiar properties and 
reactions, or rather absence of reactions. It always seems to me 
that these results indicate that our present theories of chemical 
combination are at best very superficial, and I wish him every 
success in this important field of work. 

Now I must not take more of your time, as we have our foreign 
guests to respond to this toast, but on behalf of all our non-chemical 
brethren and non-speakers, I must express our thanks for a very 
enjoyable evening, and our thanks to Sir William Pope for the very 
kind way he has proposed the toast of the guests. 

Professor Camille Matignon said :— 

Le Prdsident de la Society Chimique de France, M. le Prof. 
TJrbain, empech6 n’a pu repondre a votre aimable invitation, et il 
m’a charge de Texcuser et de vous exprimer en meme temps tous 
ses regrets de ne pas etre ce soir parmi vous. 

J’ai accepts bien yolontiers de le remplacer. 

Si vous perdez beaucoup a cet ^change, par contre, je m’en r^jouis 
profond£ment, puisque cette substitution me procure l’agr6able 
mission d’etre l’interprete de mes compatriotes aupres de la Chemical 
Society, et de vous apporter Texpression de la tres cordial© confrater¬ 
nity des chimistes franqais. C’est pour moi, d416gu6 officiel pour la 
premiere fois en Grande Bretagne, un honneur dont je suis tres fier. 

Je suis heureux de vous donner l’assurance que la tension des 
liens qui nous unit a vous ne s’est pas relachee et de vous confirmer 
Pinybranlable persistance de nos affections individuelles et de nos 
attachements coilectifs. 

Et comment, Messieurs, pourrait-il ne pas en etre ainsi ? Sans 



faire etat des sentiments d’estime et d’attachement coutumiers 
entre nos deux pays, peut-il etre cimente, entre citoyens de nations 
difiterentes, une union plus intime que celle qui nait de la coopera¬ 
tion intellectuelle ? 

Ouvriers d’une meme oeuvre; collaborateurs associes, en vertu 
d'une entente tacite, pour la recherche de la solution des memes 
problemes; travailleurs guides par une meme passion, la plus noble 
et la plus saine, celle de la recherche de la verity et des applications 
de cette v6rite a l’amelioration continue des conditions mat&rielles 
de rhumanit^. Comment pourrions-nous resister a l’attraction, 
gen&atrice de chaudes sympathies, qui nous attire les uns vers les 
autres sur ce terrain d’union sacree ? 

Permettez-moi, Messieurs, puisque j’en ai F occasion, de vous dire 
toute mon admiration pour la science anglaise. Cette admiration 
ne date pas d’hier. Elle a pris naissance au moment oh, assis sur 
les bancs de FUniversite, je p6netrais dans ce monument de la 
Science, en perpetuel etat devolution et de developpement, bati 
avec les faits accumules et coordonnes par nos devanciers. C’est 
alors que Tceuvre d’un de vos savants, Sir William Thompson, 
depuis Lord Kelvin, frappa profondement ma jeune imagination. 
Habile experimentateur, algebriste et geometre consomme, in- 
genieux, audacieux, doue d’un rare esprit d’invention, Lord 
Kelvin a embrasse par l J 6tendue de ses conceptions, k la fois le 
domaine entier de la th^orie et celui des applications pratiques; 
il est rest£ pour moi depuis cette epoque, le type accompli du g6nie 
britannique. 

Ce qui m’avait frapp6 chez Lord Kelvin et que j’ai retrouv6 depuis 
chez la plupart de vous tous, c’est une puissante faculty imaginative, 
qu’on ne rencontre au meme degr6 chez aucun peuple d’Europe, et 
qui vous permet de vous representer un ensemble tres compliqu6 de 
choses concretes, de les voir ehacune a sa place, en quelque sorte 
avec son mouvement et sa vie. Une autre caract&istique de la 
science anglaise, qui se d^gageait nettement de 1’oeuvre de Lord 
Kelvin, c’est cette audace, a laquelle faisait allusion M. le Prof. 
Moureu, dans une de vos pr4c6dentes reunions annuelle 3 ; tandis 
qu’en g4neral, le ehercheur franqais est prudent et souvent timor4, 
l’investigateur anglais semble, au contraire, rechercher dans le 
domaine de la science, tout ce qui est impr^vu, tout ce qui est 
audacieux. Les r6sultats si curieux et si suggestifs obtenus par 
votre President M. le Prof. Baker dans les travaux qu’il nous 
a expose cet apres-midi, travaux qui constituent a la fois un modele 
d’exp4rimentation mais aussi un bel example d’audace, ne nous 
en apportent-ils pas une nouvelle verification % 

Extraordinaire puissance de la faculty d’imaginer des choses 



47 


concretes; audace dans la conception; audace dans l’experimen- 
tation; ces 6minentes qualites, qui sont a la base de Fesprit d’inven- 
tion, caract6risent votre esprit scientifique. Elies ont et6 genera¬ 
trices de vos d6couvertes les plus retentissantes. 

Bepuis mes debuts dans la science, mon enthousiasme pour la 
science anglaise n’a cesse de se consolider, et de se developper au 
fur et a mesure que se succedaient les innovations sensationnelles 
sorties de vos laboratoires. Ce fut d’abord la mise au jour par 
Lord Rayleigh et Ramsay d J un nouvel element de Fair, l’argon, 
Fun des evenements scientifiques les plus marquants de ma gener¬ 
ation, puis vinrent Fhelium, le neon, le krypton, le xenon, qui se 
rangerent avec une discipline parfaite dans une nouvelle colomie de 
la classification de Mendel4eff. 

Avec ces nouveaux gaz d’une inertie chimique absolue, c’etait un 
domaine entierement nouveau acquis a la science; mais la classi¬ 
fication de Mendeieeff, rajeunie par ces nouvelles decouvertes, 
devait prendre plus tard son plein essor et atteindre son complet 
developpement avec la loi de Moseley. Elle a pris desormais, 
grace a vous, Messieurs, une place si importante dans la science, 
qu’elle domine a Fheure actuelle toute la chimie et condense en 
elle toutes nos connaissances sur la matiere. 

Enfin, Messieurs, car je suis oblige d’abreger, c’est d’un laboratoire 
de FUniversite de Cambridge qu’est sortie toute Fatomistique 
moderne. Par F6tude svstematique des phdnomenes, alors si 
complexes et si deconcertants, de la conductivity dlectrique des 
gaz, phenomenes dans lesquels on faisait jouer aux poussieres un 
role souvent important, J. J. Thomson a ddgage avec nettetd la 
notion d’iongazeux, precisd cellede l 5 Electron, et dtabli desmdthodes 
cinetiques dlectriques d’une delicatesse, d’une subtility qui ddpassent 
toutes les provisions les plus optimistes. Grace a ces mdthodes, 
il est possible d’agir avec surete et precision sur les atomes et les 
molecules, c’est h> dire sur des individuality dont Fextreme petitesse 
n ? a plus pour nous aucun sens rdel; ces superinfiniment petits, que 
nous ne pourrons probablement jamais voir, on les pese, on les 
classe, on les sdpare, des qu’ils presentent la moindre difference 
dans leurs masses et on les ddnombre en mettant en Ovidence 
leur presence individuelle par certaines de leurs manifestations 
accessibles a nos sens. 

La ddcouverte des corps radioaetifs, Fdtude rapide de leurs 
propridtds rdsultent de la mise en oeuvre de ces memes mdthodes. 

Quel chemin parcouru, Messieurs, depuis le jour oil le premier 
ministre d’Angleterre, le Marquis de Salisbury, prdsidant & Oxford 
en 1894 a la British Association, pronongait son discours retentissant 
sur <c Les limites actuelles de notre science,” apres avoir expose les 
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apports de Dalton, de KirchoS, de Mendeleefi, a la notion de PElement 
chimique, Imminent homme d’etat ajoutait: “ Ces triomphes 
successifs ne nous ont pas beaucoup avances vers la solution des 
problemes que les atomes elementaires ont pr6sent6s a l’humanite 
pendant des siecles. . . . Savoir ce qu’est la particule ins4cable s 
si c’est un mouvement, une chose, un tourbillon, un point ayant de 
Pinertie; determiner s’il y a une limite a la divisibility de cet etre, 
et s’il en est ainsi, deviner comment cette limite est impos4e; decider 
si la longue liste des Elements est definitive ou si quelques uns 
ont une commune origine, toutes ces questions restent environnees 
de tenebres aussi profondes qu 5 autrefois. Le reve qui soutenait les 
alchimistes dans leurs p6nibles travaux n’a surement point 4t4 
r6alis4 mais il n’a point encore ete dissip4. De ce cote, les frontieres 
de notre science restent ce qu’elles etaient il y a un grand nombre de 
siecles.” 

Si ces conclusions negatives du Marquis de Salisbury sont desor- 
mais p4rim4es, c’est a l’Bcole Anglaise que nous le devons, c’est elle 
qui a et6 l’initiatrice des progres merveilleux realises dans le domaine 
de l’atomistique, et c’est elle qui a apporte une part des plus impor- 
tantes k son developpement. 

Messieurs, Jeremercie bien vivement encore M. le Professeur Baker 
et les membres du Conseil de la Chemical Society pour leur invitation 
k cette brillante fete de la science. Je leve mon verre en l’honneur 
de la Science Britannique et de ses futurs succes, je bois a la pros¬ 
perity de la Chemical Society, a la vieille et durable amiti6 qui unit 
la Chemical Society et la Societe Chimique de Prance et puisque je 
suis Vice-president de la Society de Chimie Industrielle, permettez- 
moi de l’associer egalement a cette union. 

Hofrat Professor Dr. W. Schlenk said 

Mr. President, Ladies, and Gentlemen, I desire to express my 
thanks to you for your kind invitation to me to be your 
guest. When I got your invitation my pleasure was a double one. 
I was glad of the opportunity to spend some hours in your company 
and rejoiced by the thought that this invitation was a sign of the 
improvement in international relations. I think, ladies and gentle¬ 
men, that every chemist must take a great interest in good inter¬ 
national relations, because scientific work is international, and I am 
sure there is indeed nothing which could be an obstacle towards a 
good international relationship; certainly, ladies and gentlemen, 
there is nothing so important as a happy international relationship. 
3h time of need we feel like children of our country, so British 
chemists feel as Britons, and other chemists as children of their 
country. This, is natural, but an idealism is necessary for the 
restoration of the happy relationship we had before. Your invit- 
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ation gives me the hope that we are on the right road to regain what 
formerly was a matter of course/namely a mutual respect and 
confidence. With these remarks, ladies and gentlemen, accept my 
best thanks for your invitation, and my good wishes for your Society. 


Ordinary Scientific Meeting, Thursday, April 7th, 1927, at 8 p.m., 
Professor H. Brereton Baker, C.B.E., LL.D., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the Society, 
through death on March 8th, of Mr. John Henry Smith, who was 
elected a Fellow on December 7th, 1911, and announced that: 

1. The following Committees for 1927-1928 had been appointed 
by the Council: 

Finance Committee : J. L. Baker, F. P. Dunn, Charles A. Hill, 

G. T. Moody, J. C. Philip, R. H. Pickard, W. P. Wynne, and the 
Officers (Treasurer as Chairman), with the Assistant Secretary as 
Secretary. 

House Committee : J. L. Baker, H. B. Dixon, Sir Herbert Jackson, 
Sir Robert Robertson, Alexander Scott, J. M. Thomson, and the 
Officers, with the Assistant Secretary as Secretary. 

Library Committee : T. A. Henry, J. R. Partington (Chairman), 
Alexander Scott, N. V. Sidgwick, S. W. Smith, J. F. Spencer, the 
Officers, together with representatives of contributing Societies, 
with the Librarian as Secretary. 

Publication Committee : M. P. Applebey, H. Bassett, H. V. A. 
Briscoe, H. W. Dudley, U. R. Evans, J. J. Fox, R. Whytlaw Gray, 
A. J. Greenaway, T. A. Henry, C. K. Ingold, J. Kenyon, H. King, 

H. McCombie, T. S. Moore, G. T. Morgan, K. J. P. Orton, J. R. Part¬ 
ington, J. C. Philip, F. L, Pyman, E. K. Rideal, R. Robinson, 
N. Y. Sidgwick (Chairman), and the Officers, with the Editor as 
Secretary. 

Research Fund Committee : A. J. Allmand, E. C. C. Baly, F. E. 
Francis, W. N. Haworth, C. K. Ingold, W. H. Mills, F. L. Pyman, 
Sir Robert Robertson, N. V. Sidgwick, Sir James Walker, and the 
Officers, with the Assistant Secretary as Secretary. 

2. The following letter of thanks had been received from Pro¬ 
fessor W. Schlenk, President of the German Chemical Society: 

Berlin N. 4, den 29 Marz, 1927. 
Hessische Str. 1. 

Hebrn Professor Baker, 

President per Chemical Society. 

Hochverehrter Kollege, 

Nach meiner Ruckkehr aus London ist es roir era herzliehes Bedurfnis, 
Ihnen und Hirer Gesellsehaft noohmals herzlich zu darken fur die genossene 
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Gastfreimdschaft and fur das so freundliche Entgegenkommen, dessen ich 
mich erfreuen durfte. Die freundliche Aufnahme, welche ich im Kreise der 
Chemical Society gefunden habe, lasst mich hoffen, dass die historischen. guten 
Beziehungen zwischen englischen und deutschen. Chemikern. sich gewiss wieder 
einstellen werden, eine Tatsache, welche meinen hiesigen Freunden ebenso 
zur Freude gereicht wie mir selbst. 

Nehmen Sie noehmals den besten Dank entgegen, 

Ihres sehr ergebenen, 

W. Schlenk. 

3. The Council had accepted the offer contained in the following 
letter from the Mond Mckel Company, Limited, and that copies of 
the full-sized and of the reduced-size chart could be obtained by 
Fellows on application to Mr. S. E. Carr : 

Victoria Station House, 
Victoria Street, 

London, S.W. 1. 

31 st March, 1927. 

The Secretary, 

The Chemical Society, 

Burlington House, 

W. 1. 

Mond Process Chart. 

Dear Sir, 

La view of numerous applications received by us from time to time for 
particulars of our method of refining nickel from Canadian ore by the Mond 
Carbonyl Process, a Chart, of which the enclosed is a reduced-size facsimile, 
has recently been prepared. 

Should the full-sized chart, which measures 48" (122 c/m) x 36" (91 c/m), 
be of service to you and/or any of your members, we shall be pleased, upon 
hearing from you, to forward, without charge, one or more charts, together 
with such additional copies of the enclosed reduced sized facsimile as you may 
indicate. 

Yours faithfully, 

For The Mond Nickel Company, Limited, 

F. B. Howard White. 

Secretary, Research and Development Dept* 

The following were formally admitted Fellows of the Chemical 
Society: W. H. Brindley, Stanley E. Pusey, and Thomas K. Walker. 
Certificates were read for the first time in favour of: 

William John Bissell, 863, London Road, Westcliff-on-Sea. 

Leslie George Scott Brooker, Ph.D., B.Sc., A.I.C., 64, Augustine Street, 
Rochester, N.J., TT.S.A. 

Victor Scotthom George, 139, Bearwood Road, Smethwick. 

William Claude Lyle, B.Sc., A.I.C., 308, Dumbarton Road, Glasgow. 

Cecil Arthur Poulson, Haverstoek, Shawlands, Glasgow. 

John Storrow Rumbold, B.Sc., A.I.C., 22, Calton Avenue, Wavertree, 
Liverpool. 
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The following certificate has been authorised by the Council for 
presentation to ballot under Bye-Law I (2): 

Genshiro Kurabayashi, The Tokyo Higher Normal College, Koishikawaku, 
* Tokyo. 

Dr. J. G. F. Druce and Dr. H. Phillips were appointed Scrutators, 
and a ballot for the.election of Professor Richard Willstatter as an 
Honorary Fellow was held. Professor Willstatter was subsequently 
declared duly elected. 

The following papers were read : 

“ Trypanocidal action and chemical constitution. Part VI. Am¬ 
photeric s-carbamidoarylarsinic acids.' 9 By H. King. 

“ On active nitrogen. Part III. Active nitrogen and the metals." 
By E. J. B. Willey. 

“ Esterification in mixed solvents." By B. V. Bhide and H. E. 
Watson. 

“ The alkaloids of ipecacuanha. Part IV," By W. H. Bbindley 
and F. L. Pyman. 

f 

W ___:_ l 

FARADAY LECTURE. 

An Extra Meeting of the Society will be held in the Theatre of 
the Royal Institution, Albemarle Street, W. 1. (by the courtesy of 
the Managers), on Wednesday, May I8th, 1927, at 5.30 p.m., when 
the Faraday Lecture, entitled u Problems and Methods in Enzyme 
Research," will be delivered by Professor Dr. Richard Willstatter. 

Admission will be by ticket only. Each Fellow of Jbhe Society 
is entitled to two tickets, application for which should be made as 
early as possible to the £C Assistant Secretary, Chemical Society, 
Burlington House, W. 1." 


RESEARCH FUND COMMITTEE. 

A meeting of the Research Fund Committee will be held in June 
next. Application for Grants, to be made on forms which can be 
obtained from the Assistant Secretary, Chemical Society, Burling¬ 
ton House, W. 1, must be received on or before Wednesday, June 
1st, 1927. 

All persons who received grants in June, 1926, or in June of any 
previous year, whose accounts have not been declared closed by 
the Council, are reminded that reports must be returned by June 1st. 
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List of Papers, or Abstracts thereof, received between March 17th 
and April 7th, 1927. (This List does not include the titles of papers 
which have been read at a Scientific Meeting, or which have appeared 
in the Journal.) 

<c The action of caustic alkalis on the 3-halogeno-4-nitrosodimethyl- 
anilinesBy H. H. Hodgson and J. S. Wignall. 

“ Metallic hydroxy-acid complexes. Part IV. Complexes formed 
by copper with the monohydroxy monobasic acids.” By 

I. W. Wabk. 

“ Co-ordination compounds of beryllium and m- and p-nitro- 
benzoylacetone. ?5 By H. Burgess. 

“ The crystal structure of quinol. Part II.” By W. A. Caspabi. 

4 4 The scission of diaryl ethers and related compounds by means of 
piperidine. Part I. The scope of the method and its use in 
determining the constitution of some nitro-derivatives.” By 
R. J. W. Le FirvRE, S. L. M. Saunders, and E. E. Turner. 

“ The system Ca 2 Fe(CN) 6 -Na 4 Fe(CN) 6 -H 2 0. Part II” By M. 
Farrow. 

4 The effect of mercury salts in the nitratiomof aromatic systems.” 
By P. V. McEje. 

u The structure of normal fructose: crystalline tetramethyl 
P-methylfructoside and crystalline tetramethyl fructose 
(1:3:4: 5).” By W. N. Haworth, E. L. Hirst, and A. 
Learner. 

“ The reaction between manganese salts and sodium hypochlorite 
in the presence of certain other salts.” By B. E. Dixon and 

J. L. White. 

** Reduction products of the hydroxyanthraquinones. Part VIII,” 
By E. J. Cross and A. G. Perkin. 
e< Reduction products of the hydroxyanthraquinones. Part IX,” 
By A. MacMaster and A. G. Perkin. 

“Low-temperature oxidation of hydrocarbons.” By J. S, 
Lewis. 

“ The action of halogen-substituted phenylhydrazines upon di- 
hydroxytartaric acid” By F. D. Chattaway and W. G. 
Humphrey. 

“A study of the chemiluminescence of phosphorus vapour.” By 
E. J. Bowen and E. G. Pells. 

“ The synthesis of mcao-alkyl and meso-aryl anthracene derivatives. 
Part IL* # By E. m B. Barnett, J. W. Cook, and J. L. 
Wiltshire. 

“ The use of titanous chloride in the volumetric estimation of copper 
ted iron” By W. G. Emmett. 
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“ The effect of hydrochloric acid on the electrode potential between 
mercury and mercurous chloride. By S. R. Carter, F. M. 
Lea, and R. Robinson. 

ct The oxidation-reduction potentials of mercurous and mercuric 
chlorides in hydrochloric acid solution.” By S. R, Carter and 
R. Robinson. 

“ The system ferric oxide-arsenic acid-water at low concentrations 
of arsenic acid.” By N. H. Hartshorne. 

e< A process for the dehydration of alcohol,” By E. L. Smith. 

“ A method for the estimation of small quantities of water in 
alcohol.” By E. L. Smith. 

“ Researches in the menthone series. Part IV. ^soMenthols and 
^omenthones.” By J. Read, G. J. Robertson, and M. R. 
Cook. 

“ Humic acid in British coals.” By F. W. Smith and D. H. Japes. 

“ Studies of valency. Part VIII. The molecular structure of 
Vernon’s dimethyltelluronium salts.” By T. M. Lowry and 
R. R. Goldstein. 

“ The action of nitrous acid on substituted ^-phenylenediamines. 
Part I. Benzyl-^-butyl-p-phenylenediamine.” By J. Reilly 
and P. J. Drumm. 

“ The system lead chloride-lead iodide-water.” By A. L. M. 
Sowerby. 


ADDITIONS TO THE LIBRARY. 

I. Donations . 

(a) From Dr . Otto Rosenheim. 

Dean, John. The organic compounds of tellurium and selenium 
belonging to the alcohol series. Goettingen 1855. pp. vi + 51. 

Lewenau, Johann Ellen von. Chemische Abhandlung uber 
das Selen. Wien 1823, pp. viii + 144 + 3 tables. 

; Little, George. On selenium and some of the seleniurets. 
Gottingen 1859. pp. 40. 

Oppenheim, Alphqns. Beobachtungen ueber das Tellur und 
einige seiner Verbindungen. Goettingen 1857. pp. 36. 

Rathke, Bernhard. Beitrage zur Kenntniss des Selens. Halle 
1869. pp. ii + 58. ill. 

Stolte, Henrich, Debar organische Selenverbindungen. 
Berlinl887. pp. 48. 
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(b) Miscellaneous. 

Academie des Sciences be l’Union bes Reptjbliqttes Sovte- 
tiques Socialistes . Travaux sur le radium et les minerals radio- 
actifs* 2 vols. Leningrad 1924r—1926. pp. viii + 176, vi + 276. 
ill. [In Russian.] (Reed. 15/3/27.) From the Academy. 

* American Electrochemical Society. Transactions. Vol. I, 
etc. Philadelphia 1902 +. (For circulation.) 

-General indexes. Vols. I—XX, 1902—1911, Vols. 

XXI—XL, 1912—1921. South Bethlehem 1913, and New York 
1927. (Reference.) From the Faraday Society. 

Armstrong, Henry Edward. Essays on the art and principles 
of chemistry, including the first Messel memorial lecture. London 
1927. pp. xxxii + 276. ill. 15s. net. (Reed. 7/4/27.) 

From the Publishers : Messrs. Ernest Benn. 
Qhtmie Indtjstrielle d’apres les travaux les plus recents. Par 
un professeur de chimie. 2 vols. [n.d.] pp. 274 + 43 plates. 
(Reference.) From Mr. S. H. Woolhouse. 

Don, John. The filtration and purification of water for public 
supply; (Excerpt Minutes of Proceedings of the Meetings of the 
Institution of Mechanical Engineers, 1909.) pp. 210. ill. 

From the Author. 

Bon, John, and Chisholm, John. Modern methods of water 
purification. 2nd edition. London 1913. pp. xviii + 398. ill. 
(Second copy.) From Mr. John Don. 

Dyer, Calico Printer, Bleacher, and Finisher. Vol. LVII, etc. 
London 1927 +. (Reference.) 

From the Society of Dyers and Colourists. 
Ernahrtjng der Pelanze. Ulustrierte Halbmonatsschrift uber 
Fortschritte im Ackerbau und landwirtschaftlichen Diingewesen 
des In- und Auslandes. Year XXIII, etc. Berlin 1927 +. 
{Reference.) From the Deutsche Kalisyndikat. 

Hadeield, Sir Robert Abbott. Metallurgy and its influence on 
modern progress, with a survey of education and research. London 
1925. pp.xvi + 388. ill. 25s.net. (Reed. 18/3/27.) 

From the Author, 

Institute oe Metals, Journal. Vol. I, etc. London 1909 +. 
(For circulation.) 

-—— Name-Subject index to vols. I—XXV, 1909—1921. 

London 1922. {For circulation.) From the Faraday Society. 
4 Japan. Imperial Academy. Proceedings. Vol. H, etc. Tokyo 
1^26 +. (Reference.) From the Academy, 

t^tional Benzole Association and University oe Leeds. 
Joivj& Benzole Research, Committee. Fourth report, London 1927, 
PP* 248. flL (Feed. 2/4/27.) From Mr. W. H. Coleman. 
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Russell, Sra Edward John. Soil conditions and plant growth. 
5th edition. London 1927. pp. viii + 516. ill. 18 s. net. {Reed. 
22/3 [27.) From the Author. 

Textile Recorder. Vol. XLIV, etc. Manchester 1927 +. 
(Reference.) From the Society of Dyers and Colourists. 

Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie, Vol. VI. Part iii. Berlin 1927. 
pp. 481—720. if. 10. (Reed. 29/3/27.) 

From the Publishers : Herren Urban & Schwarzenburg. 


II. By Purchase. 

Alchemistische Blatter. Erste deutsches Fachblatt fiir alle 
Gebiete der Alchemie. Year I, etc. Berlin 1927 +. (Reference.) 

Baars, E. Uber den Zustand des Ammoniaks in wassriger 
Losung. (Sammlimg, Vol. XXIX.) Stuttgart 1927. 

Barry, Thomas Hedley, Drummond, Alan Ashby, and 
Morrell, Robert Selby. The chemistry of the natural and 
synthetic resins. London 1926. pp. x + 196. 21s. net. (Reed. 
21/3/27.) 

Hevesy, Georg yon. Das Element Hafnium. Berlin 1927. 
pp. iv + 49. ill. M. 3.60. (Reed. 29/3/27.) 

Jennings, Arthur Seymour. Paint and colour mixing: a 
practical handbook. 7th edition. London 1926. pp. 341. ill. 
12$. 6d, net. (Reed. 17/3/27.) 

Kellner, Oskar. The scientific feeding of animals. Authorised 
translation by William Goodwin. [2nd edition.] London 1926. 
pp. xiy + 328. 8 s. M. net. (Reed. 29/3/27.) 

Legendre, R. La concentration en ions hydrogen© de Beau de 
mer. Le pH; m^thodes de mesure; importance oc^anographique, 
geologique, biologique. Paris 1925. pp. Yiii + 292. ill. 30 fr. 
(Reed. 22/3/27.) 

Lippmann, Edmund Oskar yon. Studien zur Geschichte der 
Chemie: Festgabe zum siebzigsten Geburtstage. Edited by 
Julius Ruska. Berlin 1927. pp. vi -f 242. M . 19.50. (Reed. 
29/3/27.) 

Margosches, Benjamin Max, with the collaboration of Ludwig 
Friedmann and Lisbeth Heebmann-Wole. Die Jodzahlschnell- 
methode und die Oberjodzahl der Fette. Die AktiYierung des 
Jods durch Wasser. (Die chemische Analyse. Vol. XXV.) Stutt¬ 
gart 1927. pp. x + 228. (Reference.) M. 16.20. 

Ruska, Julius. Tabula Smaragdina ; ein Beitrag zur Geschichte 
der hermetischen Literatur. Heidelberg 1926. pp. vii + 248. 
M. 32. (Reed. 23/3/27.) 
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Sutermeister, Edwin. Casein and its industrial applications. 
New York 1927. pp. 296. ill. 21s. net. (Reed, 29/3/27.) 

Wait, Douglas. The manufacture of enamel paints : a practical 
handbook. London 1927. pp. viii + 153. ill. 10s. 6 d. net. 
(Reed, 17/3/27.) 

War Office. Manual of the medical aspects of chemical war- 
fare. London 1926. pp. 92. ill. 95. net. (Reed. 17/3/27.) 


III. Pamphlets. 

Aeronautical Research Committee. Reports and Memoranda. 
No. 1016. Some physico-chemical studies on the effect of sunlight 
on cotton. By Guy Barr and Isabel Hodgson Hadeield. 
London 1926. pp. 22. ill.' 

Mines Department. Safety in Mines Research Board. Paper 
No. 31. Laboratory methods of determ inin g the inflammability 
of coal dusts : historical survey and preliminary examination of the 
problems involved. By A. L. Godbert. London 1927. pp. 68. 
ill. 

--Paper No. 32. The study of flame movement. By 

Oliver Coligny de Champeleur Ellis. London 1926. pp. 35, 
ill. 

Scientific and Industrial Research, Department of. Fuel 
Research. Physical and chemical survey of the national coal 
resources, No. 7. Methods of analysis of coal. London 1927. 
pp, vi -f 35. ill. 

—-— Physical and chemical survey of the national coal 

resources, No. 8. An investigation of the caking power of coal. 
By John Thomas Burdekun. London 1927. pp. iv -f 21. ill. 

--- Technical Paper No. 15. Carbonisation of coal in 

continuous vertical retorts. “ Holmside ” (Durham) coal with 
experiments on the production of coal gas of high calorific value. 
London 1926. pp. iv + 44. ill. 

-Technical Paper No. 17. Low temperature carbonis¬ 
ation. Vertical retorts at H.M. Fuel Research Station. By Cecil 
Howard Lander and J, Fraser Shaw. London 1927. pp. 7, 

Stowell, F laxn ey Perctval. Physical and chemical condi¬ 
tions in the sea-water of the Zoological Society’s aquarium—a 
comparison with the water of the open sea, (From the Proc . Zool 
Soc., 1925.) 

The purification of sea-water by storage. (From the Proc . • 
Zool, 8oc. t 1926.) 



PROCEEDINGS 

OF THE 


. CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, May 5th, 1927, at 8 p.m.. 
Professor H. Brereton Baker, C.B.E., LL.D., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the Society, 
through death on March 28th, of Mr. Hildyard John Eglinton 
Dobson, who was elected a Fellow on May 3rd, 1923. 

Certificates were read for the first time in favour of : 


James Bell, jun., B.Sc., A.I.C., 3, Finnart Terrace, Greenock. 

William Ryle Clifford Curj el, B.A., Netherside, Woodbridge, Suffolk. 

Albert de Bussy Goodman, Hatchgate, Massetts Road, Horley, Surrey. 
Bhaba Nath Das Gupta, B.Sc., M.B., Noakhali, Bengal, India, 

Cecil Owen Harvey, B.Sc., A.R.C.S., A.I.C., Government Laboratory, Clement’s 
Inn Passage, Strand, W.C. 2. 

James Shankland Merry, 22, Norwood Grove, Liverpool. 

Mr. F. H. Lowe and Dr. G. A. C. Gough were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows: 


Robert Andrew. 

William Barklamb. 

Fritz Alfred Bate, B.Sc. 

Keith Lester Beak. 

William Bradley, M.Sc. 

Edwin Herbert Bunce, A.1.0. 

David Henry Burton, B.Sc., A.R.C.S., 
A.I.C. 

Charles McKenley Cameron. 

Richard Chadwick, B.A. 

Ronald Kington Christy, B.Sc, 

Edgar Dawn Copley, B.A., B.Sc. 
Thomas Eric Ellison. 

Charles Forrester, F.I.C. 

Gerald Charles Leake Griffin, B.A. 
John Gurney, B.A. 

James Charles Harral. 

Norman Holt Hartshome, M.Sc., 
A.I.C. 

William Herbert Hatfield, D.Met. 
Leonard Joseph Hooley, B.A., A,1.0. 
George Robert Howard, B.Sc. 


Thomas Alfred Jenkinson, B.Sc. 
Louis Arnold Jordan, D.Sc., A.R.C.S. 
F.I.C. 

Arthur William Knapp, B.Sc., F.I.C., 
Jason Louis Edward Lewkowitsch, 
A.R.C.S. 

James Hutchison McGregor, A.I.C. 
Tarak Nath Majumdar. 

Ernest Matthews, M.Sc., A.R.C.S., 
D.LC. 

Herbert Joseph Millward. 

Alfred William Mond, B.A. 

John Hopkinson Parker. 

Dorothy May Lyddon Rippoh, B.A. 
Otto Leslie Shaw. 

Arthur Shortt, B.Sc. 

J ohn Tomlinson, B.Sc.Tech. 

Allan George Tyler, B.Sc. 

Albert Denny Usher, B.Sc. 

Carl Roman Ward, B.A. 

Charles Barnett Wingfield. 

Robert Louis Wormell. 
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The following papers were read: 

“ The nature of the alternating effect in carbon chains. Part XVIII. 
Mechanism of exhaustive methylation and its relation to 
anomalous hydrolysis.” By W. Hakhart and C. 3L Ingold. 
“The interrelationships of the sulphur acids.” By H. Bassett 
and R. G. Durrant. 

“ The constitution of the disaccharides. Part XIV. Melibiose and 
its relationship to raffinose.” By W. Charlton, W. X. 
Haworth, and W. J. BQcckenbottom. 


Extra Meeting held in the Theatre of the Royal Institution (by 
kind permission of the Managers) on Wednesday, May 18th, 1927, 
at 5.30 p.m., the President, Professor H. Brereton Baker, C.B.E., 
LL.D., F.R.S., occupying the Chair. 

The company present numbered about 600. 

In introducing the lecturer, the President said that they had 
met to honour the immortal name of Faraday. These Faraday 
Lectures were in no sense Memorial Lectures; the name of Faraday 
needed no memorial, for so long as science endured, the name of 
Faraday would be honoured and revered. In these Lectures, 
delivered triennially, the Chemical Society had had the co-operation 
of the most celebrated chemists and other men of science from all 
over the world, and that day it was able to add to that distinguished 
list the name of Richard Willstatter. Faraday was a border-line 
chemist, for although his discovery of benzene would entitle him 
to be called an organic chemist, most of his work dealt with the 
border-line of physics and chemistry. Prof. Willstatter was also a 
border-line chemist; the frontier on which he had won his fame 
was the frontier which joined chemistry and botany. 

The President then asked Prof. Willstatter to deliver his lecture 
entitled: “ Problems and Methods in Enzyme Research.” 

At the conclusion of the Lecture, the President, in presenting 
the Faraday Medal to Professor Willstatter, expressed the hope that 
it would be a happy souvenir of this great occasion. 

In proposing a vote of thanks to the lecturer. Prof. W. H. Perkin 
paid a tribute to Prof. Willstatter for his outstanding work not only 
in connection with biochemical problems, but also in the various 
sections of pure organic chemistry. It had been rather difficult 
for those who had little or no practical acquaintance with the 
enzymes to keep touch with and follow the large number of important 
investigations which had been carried out in the laboratories of 
Prof. Willstatter. Fortunately, however,, the Professor had recently 
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published two summaries containing the main results of the work 
which he and his co-workers had done in this field. From those 
summaries it was easy to appreciate how very difficult the work 
must always have been, and, in particular, how disappointing it 
must have been to find that these elusive substances lost their 
activity and other characteristic properties, and were sometimes 
even destroyed altogether, as the solution was concentrated. But 
it was far more instructive even than a study of those summaries 
to have the pleasant experience of listening to the author of all 
this work explaining the main results which had been achieved, 
and giving some idea of the amount of work which remained to be 
done in the future. They were ail very greatly obliged to Prof. 
Willstatter for having given his brilliant and stimulating Lecture. 

Prof. J. F. Thorpe, in seconding the vote of thanks, referred to 
Prof. Willstatter as a great organic chemist—so great that he was 
placed on a pinnacle as high as that occupied by his countrymen, 
Baeyer and Fischer. Prof. Willstatter had carried out epoch- 
making researches in a great number of branches of organic 
chemistry, any one of which would have made the reputation of 
any lesser man. With a courage which all admired, and which 
very few could emulate, he had left the “ flowery ” paths of organic 
chemical research and had entered that wilderness which was the 
province of the biochemist. Great things had been accomplished 
by the biochemists. The materials they had made, and the reactions 
they had discovered, were wonderful, but we still knew nothing of 
the mechanism of biochemical reactions, and until we did, we should 
know nothing of the meaning of life. It was only from the stand¬ 
point of organic structure that we could hope to obtain any 
insight into the mechanism of biochemical action, and therefore, 
when Prof. Willstatter had abandoned those “ easy ” syntheses and 
had entered the more difficult field, organic chemists welcomed the 
fact. Prof. Willstatter was still a young man; he had many years 
of active research before him, and they all hoped that he would 
continue his classical researches, and that his future work would 
be attended with every success. Organic chemists felt that if Prof. 
Willstatter failed in the study of the structure of the enzymes, then 
no one else would succeed. 

The vote of thanks was accorded with enthusiasm, and, in making 
acknowledgment, Prof. Willstatter said : 

“ At this moment it is difficult for me adequately to* express 
my feelings. Your invitation to give this Lecture and your award 
of this beautiful medal means for me the [greatest distinction that 
could ever be conferred upon me, and the impressions of this 
hour are still further deepened by the more than warm and 
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friendly welcome you have given me, and which, will ever live in my 
memory. Allow me to express my sincerest and most cordial thanks. 
By my reception into the circle of the Faraday Lecturers, you wish 
to associate me with that small band of scientists immortalised by 
your Society. I cannot but be aware of the distance that separates 
me from my great predecessors, but do I not owe this honour to 
your intention to unite together the scientists of every country and 
to let them share in paying homage to Faraday, who has so enriched 
all the world ? 

“ In the last few days I have been privileged to visit Westminster 
Abbey and your museums and libraries. The impressions of these 
great works are vivid in my mind, for there are found the painter’s 
brush, the sculptor’s chisel, the poet’s lyre, and thereto belongs 
also the scientist’s ink, which the Koran even parallels with the 
martyr’s blood. These lasting achievements of human spirit are 
international, they are the common possession of all mankind.” 

In concluding the business, the President expressed the Society’s 
warm and appreciative thanks to the Managers of the Royal 
Institution for granting permission to hold this important celebra¬ 
tion in this historic room. No one could stand in that room, with 
its associations of Davy, Faraday, and other great men of science, 
without profound emotion, and he was convinced of the fact that 
the Lecture being delivered there had helped to inspire Prof. Will- 
statter. The vote of thanks was accorded with acclamation: 


Ordinary Scientific Meeting, Thursday, May 19th, 1927, at 8 p.m., 
Professor H. Brereton Baker, C.B.E., LL.D., F.R.S., President, 
in the Chair. 

The President announced that Miss Gladstone had presented an 
album containing photographs of eminent Chemists and other Men 
of Science belonging to the late Dr. John Hall Gladstone, Past- 
President. 

Professor Dr. Richard Willstatter was formally admitted an 
Honorary Fellow of the Chemical Society. 

Certificates were read for the first time in favour of : 

Otto Guido Backeberg, B.A., M.Sc., A.I.C., University of the Witwatersrand, 
Johannesburg. 

Leonard Bayley, 31, The Crescent, Friem Barnet, N. 11. 

William Bleloch, B.Se., Hazleyshaw, Albemarle Street, Kensington, Johannes¬ 
burg. 

Donald William Barker Boyd, M.A., c/o Messrs. Boileau & Boyd, Ltd., 91-33, 
Bride Street, Dublin. 

Francisco Miguel Camps-Campins, B.Se., 67, Frederick Road, Fort-of-Spain, 
Trinidad. 
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Frederick Arthur Filby, B.Sc., 378, High Street North, East Ham, E. 12. 
Robert Edwin Goldsbrough, Woodside, Great Horkesley, Colchester. 
Vaidyanatha Subrahmanyan, B.A., Indian Institute of Science, Bangalore, 
India. 

The following certificate has been authorised by the Council for 
presentation to ballot under Bye-Law I (2): 

Eugenie Sachs, 280, Market Street, Pretoria, S. Africa. 

The following paper was read : 

44 New developments in the study of acid catalysis. The catalytic 
catenaryBy H. M. Dawson. 

At the next Ordinary Scientific Meeting, to be held on June 2nd, 
the following papers will be read: 

“ The passivity of metals. Part I. The isolation of the protective 
film.” By U. R. Evans. 

“ Studies of valency. Part VIII. The molecular structure of 
Vernon’s dimethyltelluronium salts.” By T. M. Lowry and 
R. R. Goldstein. 

44 The factors controlling the formation of some derivatives of 
quinoline, and a new aspect on the problem of substitution in 
the quinoline series.” By E. Roberts and E. E. Turner. 

List of Papers, or Abstracts thereof, received between April 7th 
and May 19th. (This List does not include the titles of papers 
which have been read at a Scientific Meeting, or which have appeared 
in the Journal.) 

“Preparation of some substituted thioanisoles by direct methyl- 
thiolation.” By H. H. Hodgson and F. W. Handley. 

44 An investigation of the alleged second isoelectric point of gelatin.” 
By B. N. Ghosh. 

4 4 The reduction of arsenic compounds in acid, and in alkaline 
solution by sodium hyposulphite (hydrosulphite). Production 
of sodium arseno-hyposulphite.” By W. Farmer and J. B. 
Firth. 

4 4 Reduction of silver compounds in alkaline solution. Part I. 
Reduction in presence of aluminium.” By W. Farmer and 
J. B. Firth. 

44 Reduction of silver compounds in alkaline solution. Part II. 
Hydrolysis of silver nitride.” By W. Farmer and J. B. 
Firth. 

44 Monothioethyleneglycol, Part HI. Nitrophenyl thioethers.” 
By G. M. Bennett and W. A. Berry. 
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“ The influence of the sulphur atom on the reactivity of adjacent 
atoms or groups. Part II. A quantitative comparison of the 
reactivities of chlorine in some p- and y-chlorosulphides. 55 By 

G. M. Bennett and W. A. Berry. 

“ The reactions of 1-anilinocycZohexane-l-carboxylic acid. Synthesis 
of i/'-indoxyl-^zVocycZohexane.” By R. L. Betts, R. Mtjs- 
pratt, and S. G. P. Plant. 

“ Sugar carbonates. Part III. Derivatives of y-methylfructoside, 
y-ethylfructoside, and normal methylfructoside.’ 5 By C. P. 
Allpress, W. N. Haworth, and J. J. Inkster. 

“ The study of lactones derived from simple sugars.” By H. D. K. 

Drew, E. H. Goodyear, and W. 3ST. Haworth. 

“ The ternary system barium iodide-iodine-water and the form¬ 
ation of polyiodides.” By A. C. D. Rivett and J. Packer. 
“Substituted diaryl ethers. Part H. Amino-di-p-tolyl ethers.” 

By J. Reilly and H. S. B. Barrett. 

“Some sulphur derivatives of substituted benzaldehydes.” By 

H. H. Hodgson and H. G. Beard. 

“ Substitution in hexahydrocarbazole derivatives.” By J. Gurney 
and S. G. P. Plant. 

“ Striated photographic records of explosion-waves.” By C. Camp¬ 
bell and D. W. Woodhead. 

“The action of bromine on strontium hydroxide.” By K. L. 

Malhotra, H. B. Dijnnicliep, and H. D. Suri. 

“ The action of iodine on strontium hydroxide.” By K. L. Mal- 
hotba, H. B. Dttnnicmfe, and R. K. B. Bahl. 
“Electrometric and colorimetric dissociation constants of mono- 
and di-nitro-dihydric phenols.” By P. L. Gilbert, P. C. 
Laxton, and E. B. R. Prldeadx. 

“The two o-cyanocinnamic acids.” By W. Davies and H. G. 
Poole. 

“ Acid and salt effects in catalysed reactions. Part IX. A general 
kinetic method for the determination of the degree of dissoci¬ 
ation of water.” By H. M. Dawson. 

“The dicarbazyk. Pari ILL The oxidation of earbazole and 
N -alkylcarbazoles in acid solution.” By P. Maitland and 
S. H. Tucker. 

“ The nature of the alternating effect in carbon chains. Part XIX. 
The mechanism of certain migrations.” By C. 3L Ingold, 
E. W. Smith, and C. C. N. Vass. 

“ orZ^o-Nitrobenzyl phenyl dimethyl ammonium chloride.” By 
H. Baw. . . . , 

“ The constitution of anthracene.” By D. H. Peacock and B. K. 
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“ Melting points of the substituted amides of dibasic acids.” By 
C. R. Barnicoat. 

“ The diacyl derivatives of benzidine and ^-phenylene diamine.” 
By F. J. A. Brogan. 

if Aromatic sulphonyl disulphides.” By L. G. S. Brooker, R. 
Child, and S. Smiles. 

“ The chemistry of the three-carbon system. Part XII. The 
effect of positive substituents in the a-position.” By G. A. R. 
Kon and B. T. Narayanan. 

“ The preparation of unsaturated ketones from the chlorides of 
hydroxy acids.” By G. A. R. Kon and B. T. Narayanan. 

“ The chemistry of the three-carbon system. Part XIII. The 
effect of bulky substituents and of the c^cfoheptane ring.” By 
G. A. R. Kon and C. J. May. 

* * The constitution of the disaccharides. Part XIII. The y-fructose 
residue in sucrose.” By W. N. Haworth, E. L. Hirst, and 
Y. S. Nicholson. 

“ The heat of adsorption of gases by charcoal.” By S. J. Gregg. 

“ The Reimer-Tiemann reaction with m-chlorophenol.” By H. H. 
Hodgson and T. A. Jenkinson. 

“The temperature effects of mixing non-aqueous liquids.” By 
W. M. Madgin, J. B. Peel, and H. V. A. Briscoe. 

“ Low temperature oxidation at charcoal surfaces. Part IV. The 
active areas for different acids and their relative rates of 
oxidation.” By W. M. Wright. 

“ Imino-aryl ethers. Part V. The effect of substitution on the 
velocity of molecular rearrangement.” By A. W. Chapman. 

“ The preparation and hydrolysis of the isomeric p-tolylethyl 
bromides.” By J. B. Shoesmith and R. J. Connor. 

“ Melting points and heats of crystallisation of homologous series. 
Part HI. Myristic acid derivatives.” By W. E. Garner and 
J. E. Rushbrooke. 

“ The electroendosmosis of aqueous solutions through a diaphragm 
of sintered glass powder.” By P. Fairbrother and H. 
Varley. 

“ Aminobenzthiazoles. Part X. The effect of polar substituents 
on the formation and stability of the bromo-addition compounds 
of the benzthiazole series and the synthesis of some disub- 
stituted 1-anilinobenzthiazoles.” By G. M. Dyson, R. F. 
Hunter, and C. Soyka. 

“ Aminobenzthiazoles. Part XI. The effect of the atomic volume 
of the alkyl group on the stability of the bromides of the 
5-substituted l-alkylaminobenzthiazoles.” By R. F. Hunter 
and E. R. Styles. 
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“ Investigations in the diphenyl series. Part VI. Note on the 
configuration of diphenyl derivatives. 5 ’ By E. Bell and P. H. 
Robinson. 

“ The action of diazonium salts on pyrones, and their parent sub¬ 
stances. Part I.” By R. T. Mullen and W. H. Crowe. 

“The decomposition of nitrous acid in aqueous solution.” By 
T. W. J. Taylor, E. W. Wignall, and J. E. Cowley. 

“ Some observations on the determination of surface tension by 
means of capillary rise. The surface tension of water, ethyl 
alcohol, boron trichloride, and silicon tetrachloride.” By H. 
Mills and P. L. Robinson. 

“ The action of the silver salt of ethyl dehydroundecylenate upon 
alkyl halides.” By W. W. Myddleton and R. G. Bercjhem. 

“ A new equation for electrode potentials.” By M. Meyer. 

“ The inflammation of mixtures of the paraffins and air in a closed 
spherical vessel.” By G. B. Maxwell and R. V. Wheeler. 

“ The chemistry of polycyclic structures in relation to their homo- 
cyclic unsaturated isomerides. Part VTIL The differing 
effects of the gem-dimethyl and spiro-cyclohex&ne> groupings 
on the direction of blocking of an intra-annular tautomeric 
system by substitution.” By C. K Ingold and E. A. Seeley. 

“ The nature of the alternating effect in carbon chains. Part XX . 
The conditions underlying vicinal substitution in o-substituted 
benzenes containing op-orienting groups.” By C. K. Ingold 
and E. W. Smith. 

“ Note on the estimation of potassium in presence of iodide.” By 
E. S. Hawkins and J. R. Partington. 

“ The factors controlling the formation of some derivatives of 
quinoline, and a new aspect on the problem of substitution in 
the quinoline series.” By E, Roberts and E. E. Turner. 

“ Chemical action at an interface ; the production of acidity in 
neutral salt solutions.” By NT. V. Aohar and E. L. Usher. 

“ Syntheses of cyclic compounds. Part I. Ethyl py-dimethyl 
butane aaSS-tetracarboxylate and some cycZobutane compounds 
derived therefrom.” By I. Vogel. 

“ cis-trans-Isomerism of disulphoxides.” By E. V. Bell and G, M. 
Bennett. 

“ The mercuration of o-nitrophenol.” By H. H, Hodgson. 

“ A new method of (absolute) potentiometric titration,” By B. 
Cavanagh. 

Ionisation and chemical change during slow combustion.” By 
J. A, J. Bennett and E. W. J Mardles. 
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CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 16th, 
1927. 

Backeberg, Otto Gtjido, University of the Witwatersrand, Johannesburg, 
South Africa. British. Lecturer in Chemistry. B.A. (Hons.), Oxford, 1923. 
M.Se., Johannesburg, 1926. A.I.C., 1924. “ The Theory of Indicators,” 
South African Journal of Science , Vol. XXI, pp. 243-257. 64 Alkyl Hypo¬ 

chlorites,” Jowrnal of S.A. Chemical Institute , January, 1925; c< Alkyl Hypo¬ 
chlorites,” J.C.S 1923, p. 2999 (with Dr. F. D. Chattaway);' “ The Chlorin¬ 
ation of Ethyl Alcohol,” J.C.S. , 1924, p. 1097 (with Dr. F. D. Chattaway). 
(Signed by) J. A. Wilkinson, Henry Stephens, F. D. Chattaway. 

Bayley, Leonard, 31, The Crescent, Friem Barnet, N. 11. English. 
Propaganda Manager to The Hoffmann-La Roche Chemical Works, Ltd., 
7 <& 8 Idol Lane, E.C. 3. Reasons for wishing to become a Fellow: (1) to 
be privileged to attend the evening meetings; (2) to have an opportunity 
of perusing and studying the Society’s proceedings and literature; (3) to use 
the Society’s Library. For many years engaged in writing, compiling, and 
editing printed matter on chemical, pharmaceutical, and medical subjects, 
and in translating such matter into English from various continental languages. 
(Signed by) J. Langford Moore, Archibald Macphsrson, E. T. Neathercoat. 

Bell, James, jun., 3, Finnart Terrace, Greenock. British. Research 
Student, Chemistry Dept., Glasgow University. B.Sc. with 1st Class Hons, 
in Chemistry, June 1926. Elected A.I.C. 1926. D.S.I.R. Research Student 
for 1926-27-28. (Signed by) G. G. Henderson, T. S. Patterson, R. Wright, 
David T. Gibson. 

Bissell, William John, 863, London Road, WesteliH-on-Sea, Essex. 
British. Works Chemist. Student at the East London College, 1922-1926. 
Chemist at the Ipswich Beet Sugar Factory during the 1926-27 Campaign. 
(Signed by) J. R. Partington, W. H. Patterson, F. E, King. 

Blelooh, William, “ Hazleyshaw,” Albemarle St., Kensington, Johannes¬ 
burg, South Africa. British. Research Student in Chemistry. B.Sc., 
University of the Witwatersrand. At the present time carrying out research 
in organic chemistry for the degree of M.Se., and therefore desirous of keeping 
in touch with modem developments of the subject. (Signed by) Henry 
Stephen, J. McCrae, J. A. Wilkinson. 

Boyd, Donald Wm. Parker, M.A., “ Glensavage,” Stillorgan, Co. Dublin. 
Irish. Chemist and Druggist. Having been a student of chemistry both at 
Trinity College (Dublin University) and Kevin St. Tech. Schools, Dublin. 
Candidate has now complete control and charge of the manufacturing labor¬ 
atory of Messrs. Boileau & Boyd, Ltd., Wholesale Chemists and Druggists, 
Dublin, and desires admission as Fellow of the Society in order that he may 
be brought into closer touch with manufacturing chemistry. (Signed by) 
Emil A. Werner, Sydney Young, Kenneth C. Bailey, James Bell. 

Brooker, Leslie George Soott, 54, Augustine Street, Rochester, N.Y., 
U.S.A. British. Organic Chemist, Eastman Kodak Coy., Rochester, H.Y. 
1st Class Hons. B.Sc. (Land., 1923). A.I.C. Ph.D. (Lond., 1926). “ A 
Method of Inserting the Thio-aryl Group,” Brooker and Smiles, J.C.S., 1926, 
1723. (Signed by) H. T. Clarke, Samuel Smiles, A. J. AUmand. 

Camps-Campins, Francisco Miguel, 67, Frederick Street, Port of Spain, 
Trinidad. British Subject. Sugar Technologist and Chemist. B.Sc, (Audu¬ 
bon Sugar School). Superintending Chemist to J. Supple’s Sons Pltg. Co., 
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Sugar Factory at Bayou Goula, La., U.S.A., and to The American Syrup & 
Sorghum Co., Fort Smith (Syrup) Factory at Arkansas, U.S.A., during the 
grinding season. (Signed by) P. E. Turner, Joseph de Verteuil, James D. 
Kettle. 

Curjel, William Ryle Clifford, Netherside, Woodbridge, Suffolk. 
British. Research Student. B.A. (Oxon.), 1st Class Hons. Chemistry. 
Research Studentship (Oxford), 1926. (With F. D. Chattaway), 

1926, p. 3210, “ The Crystalline Forms of 5-Nitro-salicylic Acid and of Related 
Compounds.” (Signed by) H. L. Bowman, F. D. Chattaway, T. V. Barker. 

Filby, Frederick Arthur, 378, High St. 1ST., East Ham, London, E. 12, 
English. Student, entering Secondary School Teaching in September (1927). 
B.Sc., 2nd Class Hons., London, Chem., 1926. (Signed by) J. R. Partington, 
E. E. Turner, F. E. King. 

George, Victor Scotthorn, 139, Bearwood Road, Smethwick. British. 
Analytical and Metallurgical Chemist. Over 14 years* experience as an 
Analytical Chemist, including 3 years’ partnership with J. Lones, F.I.C., 
Smethwick. I wish to keep in touch with modern research. (Signed by) 

J. Newton Friend, J. Cooper Duff, J. H. Wood. 

Goldsbrqugh, Robert Edwin, Woodside, Great Horkesley, Colchester. 
British. Managing Director. Managing Director of Goldsbrough Patents 
Co., Ltd. Inventor of Oil Water Gas Processes and Processes for the Pro¬ 
duction of Ethylene from Fuel Oil. (Signed by) Herbert Harris, A. M. Low, 

K. C. Browning. 

Goodman, Albert de Bussy, Hatchgate, Massetts Rd., Horley, Surrey. 
British. A.I.C. Student, Battersea Polytechnic. Ex am s, passed: (1) Cam¬ 
bridge Local; (2) Union of Education, 1st Class Theor. Chemistry; (3) Royal 
Soc, Arts English; (4) Matriculation; (5) Later. B.Sc., Chemistry, Physics, 
and Botany; (6) Honours pourse at King’s College; (7) A.I.C. passed Pract. 
Chemistry, French, German, failed Theoretical Chemistry. Experience in 
Cement Analysis, with H. F. Knight, F.I.C., 14, Old Queen St. (Signed by) 
J. Kenyon, Harold Hunter, J. L. White. 

Gupta, Bhaba Nath Das (Noakhali—a district town in Bengal, India). 
Indian Hindu. B.Sc., M.B. (Calcutta University). As a medical practitioner, 
I like to remain in constant touch with the progress of chemistry (especially 
biochemistry). (Signed by) A. C. Sircar, J. C. Ghosh, P. C. Guha. 

Harvey, Cecil Owen, Government Laboratory, Clement’s I n n Passage, 
Strand, W.C. 2 (31, Camden Square, N.W. 1). British. Assistant Chemist. 
B.Sc. (London). A.R.C.S. A.I.C. Late Assistant Chemist to Messrs. T. 
Morson & Son, Ltd., The British Launderers* Research Association, etc. 
The Analyst, 1926, 638; 1926, 238. Chemistry and Industry, 1926, 816, 1110 ; 
1926, 233; 1927, 317. (Signed by) A. G. Francis, W. Maw, J. S. Carter. 

Lyle, William Claude, 308, Dumbarton Road, Glasgow, W. 1. British. 
Research Student, Chemistry Dept., Glasgow University. B.Sc., 1st Class 
Honours in Chemistry^ Glasgow, 1926. AJ.C., elected 1926. Strang-Steel 
Research Scholar, Glasgow Univ., 1926-27. (Signed by) G. G. Henderson, 
T. S. Patterson, R. Wright, David T. Gibson. 

Merry, James Shanbxanp, 22, Norwood Grove, Liverpool. English. 
Assistant Chemist and Demonstrator to the Liverpool Borax Co., Ltd. Five 
years in the Liverpool laboratory of Messrs. William Gossage & Sons, Ltd., 
doing all kinds of process control analysis. Two months in the Gossage 
Widnes laboratory. Three months as Assistant Chemist to the Liverpool 
Borax Ob., Ltd. ( Signed by) George Tate, George S. Irving, Charles A. Kelly. 
.^.^'PouLibbN, Cecil Arthur, “ Haverstock,” Shawlands, Glasgow. British. 
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Superintending Engineer for Scotland for Messrs. Wests Gas Improvement 
Co., Ltd., Manchester. Present Position ; To advise upon and direct tests to 
obtain improved results in the carbonisation of coals, and extraction of 
residuals, together with the manufacture of bye-products from residuals. 
Late: Chief Technical Assistant Engineer and Manager for Messrs. W. G. 
Bagnall, Ltd., Locomotive Engineers, Stafford. Studied Chemistry for 5$ 
years at Stafford Technical School. (Signed by) Thomas Henry Poulson, 
Joseph Poulson, Cyril Douglas Birks. 

Rumbold, John - Storrow, 22, Calton Avenue, Wavertree, Liverpool. 
British. Chemistry Master at the Holt Secondary School, Sefton Park, 
Liverpool. Special B.Sc. (Lond.), 1st Class Hons, in Chemistry. A.I.C. 
Formerly Research Chemist with the British Oxygen Co. Works Chemist 
with the Corby Ironstone Co. Works Chemist with the British Celanese Co. 
How engaged in research work at the University of Liverpool and in inde¬ 
pendent research. (Signed by) J. B. Firth, F. C. Laxton, V. J. Occleshaw, 

A. O. Jones. 

Subrahmanyan, Vaidyanatha, Lecturer in Biochemistry, Indian Institute 
of Science, Bangalore, India. British Indian. Lecturer in Biochemistry. 

B. A., University of Madras. “ Studies relating to Acetone-producing 
Organisms,” J. Ind. Inst. Sci., 1925; “Biochemistry of Waterlogged Soils 55 
(4 parts), in J . Ag. Sci. a 1927; “ On New Methods relating to the Estimation 
of Carbohydrates, Fatty Acids, and Lactic Acid in Soils”; “A Modified 
Method for Estimating Dissolved Oxygen,” etc., etc. (Signed by) H. J. Page, 
Ralph P. Hobson, H. L. Richardson. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2): 

Kttrabayashi, Genshiro, The Tokyo Higher Normal College, Koishi- 
kawaku, Tokyo, Japan. Japanese. Prof, of Inorganic and Analytical 
Chemistry, Tokyo Higher Normal College. Graduate of the Tokyo Higher 
Normal College (1905). Prof, of Inorganic and Analytical Chemistry at the 
Department of Chemistry, Tokyo Higher Normal College (1911- ). Member 
of the Chemical Society of Japan (1923- ). (Signed by) Joji Sakurai. 

Sachs, Eugenie, 280, Market Street, Pretoria, S. Africa. British subject. 
Chemist and Pharmacist. Occupied in making Pharmaceutical preparations 
in firm of Nathan Sachs, Pretoria, S. Africa. I have also the qualification as 
a pharmacist of the Pharmaceutical Society of Great Britain. (Signed by) 
H. Lucas. 


ADDITIONS TO THE LIBRARY. 

I. Donations . 

Archbutt, Leonard, and Deeley, Richard Mounteord. 
Lubrication and lubricants. A treatise on the theory and practice 
of lubrication, and on the nature, properties, and testing of lubri¬ 
cants. 5th edition. London 1927. pp. xxxii + 650. ill. 36s. 
net. (itecd. 3/5/27.) From the Authors. 

Chemical Engineering and Chemical Catalogue. A catalogue 
of heavy and fine chemicals, raw material, machinery, plant, and 
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equipment applicable to production industries, standardised, con¬ 
densed and cross-indexed. Compiled with the co-operation of 
leading British manufacturers. Edited by Dudley Maubice 
Newitt. 3rd edition. London [1927], pp. 404. ill. {Refer¬ 
ence) 155. net. From the Publisher : Mr. Leonard Hill. 

Doty, Marion Foster. Selenium : a list of references, 1817- 

1925. New York 1927. pp. iv + 114. {Reference) $*65. 

From Mr. C. Ainsworth Mitchell, 
Horseall, Ronald S., and Lawrie, Leslie Gordon. The 
dyeing of textile fibres. London 1927. pp. xii + 416. 285. net. 
{Reed. 29/4/27.) From the Publishers : Messrs. Ernest Benh. 

Iron and Steel Industry and British Foundryman. Supple¬ 
ment to “The Metal Industry.’ 5 Vol. I, etc. London 1927 +. 
{Reference) From the Faraday Society. 

Thoms, Herman n. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V. Part ii. Berlin 1927. 
pp. 290 to 528. M. 10. {Red. 30/4/27.) 

From the Publishers : Herren Urban & Schwarzenberg. 

II. By Purchase. 

Cohen, Ern st. Physico-chemical metamorphosis and some 
problems in piezochemistry. New York 1926. pp. x + 190. ill. 
12s. fid. net. {Reed. 11/5/27.) 

Colloid Symposium Monograph. Papers presented at the 
fourth National Symposium on Colloid Chemistry. New York 

1926. pp. 378. ill. 275.net. (ffoed. 25/4/27.) 

La Wall, Charles H. Four thousand years of pharmacy : an 
outline history of pharmacy and the allied sciences. Philadelphia 

1927. pp. xvi + 666. ill. 25 s. net, {Reed. 11/5/27.) 

Linton, R. G. Animal nutrition and veterinary dietetics. 

Edinburgh 1927. pp. xii + 400. ill. 215. net. {Reed. 11/5/27.) 

Neblette, C. B. Photography, its principles and practice: a * 
manual . . . for use in colleges, technical institutions, and by the 
advanced student of the science. [New York] 1927. pp. xviii + 
644, ill. 305. net. {Reed. 11/5/27.) 

Parrish, Percy, and Ogilvee, Alexander. Artificial fertilisers: 
their chemistry, manufacture and application. Vol. I. London 
1927, pp. 356. ill. 455. net. {Reed. 11/5/27.) 

Ross-Macken2XE, John. A standard manual of brewing and 
malting and'laboratory companion: a practical guide to the art 
and science of brewing and malting, and to the physical and chemical 
evaluation of the materials employed. ... Based on “A handy 
for brewers, 55 by H. E. Wright. London 1927. pp, xxii -(- 
412, ill. 455. net. {Reed. 11/5/27.) 



PROCEEDINGS 


OF THE 

CHEMICAL SOCIETY. 

4 ' ' 

Ordinary. Scientific Meeting, Thursday, June 2nd, 1927, at 8 p.m., 
Professor H. Brereton Baker, C.B.E., LL.D., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. 

Wilfred Carpmael. June 15th, 1899. 

James David Kettle . Dec. 6th, 1901. 

EdaljiManekjiModi.....;.. Dec. 7th, 1906. 

William Carleton Williams ... Feb. 19th, 1874. 

W. H, Hatfield was formally admitted a Fellow of the Chemical 
Society. 

Certificates were read for the first time in favour of: 

Stephen de Finely, L6nyay-u, 41, Budapest. 

David Clarence Rhys Jones, B.Sc., 10, Berkeley Avenue, Levenshulme, 
Manchester. 

Robert Napier Kerr, B.Sc., Ph.D., 22, St. Bernard’s Crescent, Edinburgh. 
Cyril Dunn Lawrence, B.Sc., 46, Juer Street, Park Road, Battersea, S.W. 11. 
Harry Pavion, 4, Brideoak Street, Cheetham, Manchester. 

The following papers were read: 

“ The passivity of metals. Part I. The isolation of the protective 
film.” By TJ. R. Evans. 

“Studies of valency. Part VIII. The molecular structure of 
Vernon’s dimethyltelluronium salts.” By T. M. Lowry and 
(Mrs.) R. R. Goldstein. 

“ The factors controlling the formation of some derivatives of 
quinoline, and a new aspect oh the problem of substitution in 
the quinoline series.” By E. Roberts and E. E. Turner. 

Ordinary Scientific Meeting, Thursday, June 16th, 1927, at 8 p.m., 
Professor H, Brereton Baker, C.B.E., LL.D., F.R.S., President, 
in the Chair. 

The President referred to the. loss sustained by the Society, 
through death, of: 


Died. 

May 31st, 1927. 
May 20th, 1927. 
Sept. 13th, 1924. 
May 26th, 1927. 
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Elected. Died. 

Edward Day Gravill . June 16th, 1887. May 6th. 

Harold McLean Read . May 4th, 1899. April 23rd. 

Gotfred Midgley Taylor . Dec. 7th, 1882. June 11th. 

The President announced that: 

1. It had been decided to issue shortly, in separate form, the 
Faraday Lecture delivered by Prof. Richard Wilktatter on May 
18th. The price will be one shilling each, and application should 
be made to the Assistant Secretary. 

2. The Annual Reports on the Progress of Chemistry for 1927, 
Volume XXIV, will be sold at 5s. 6d . post free to those Fellows 
who apply by Christmas Day , 1927. 

3. It had been decided to issue the Abstracts “ A 55 (Pure 
Chemistry) for 1928, 'printed on one side of the page only at the 
reduced price of £1 to Fellows who apply to the Assistant Secretary 
by Christmas Day , 1927. A remittance for £1 must accompany the 
application, and Fellows should state whether they wish to receive 
the Abstracts gummed, or ungummed. ‘Further notice will be given. 

The President then stated that he had the happy duty to per¬ 
form of making a presentation to Mr. S. E. Carr, to mark the com¬ 
pletion of his 25th year as Assistant Secretary. Before making the 
formal presentation, he asked Dr. Alexander Scott to make a few 
remarks. 

Dr. Scott said that it gave him great pleasure to comply with 
the President's request, for he had held office for 24 out of the 
25 years Mr. Carr had been Assistant Secretary—as Secretary from 
1902 to 1904, as Treasurer from 1904 to 1915, and as President from 
1915 to 1917—and no one could speak with greater knowledge and 
authority than he of the services rendered by Mr. Carr to the 
Society. 

The announcement of Mr. Carr’s appointment was made in the 
Annual Report of the Council for 1903 in the following simple 
words: “After careful consideration, the Council decided to 
separate the duties of Assistant Secretary from those of the Librarian 
and Curator, Mr. Steele retaining the latter, whilst Mr. S. E. Carr 
has been appointed Assistant Secretary.” The Council never did 
an act more timorously, and no Council had ever made a wiser or 
more successful appointment. 

He stated that it was found necessary to undertake a thorough 
v revision of the entire business methods of the Society , and the brunt 
ofthis work had fallen upon Mr. Carr and himself, and only they could 
appreciate what this meant. At this early and trying stage of his 
oare^f Mr. Carr fully iustified the selection of the Council and 
pr&ved the value of his business training. Throughout all the 
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succeeding years and the consequent numerous changes in the 
Officers and in the personnel of the Committees, there has been 
only one opinion as to the wisdom of the appointment made 25 
years ago. Mr. Carr has thrown his whole soul and energy into 
everything that he could do to promote the welfare of the Society, 
utterly regardless of the amount of work any new development 
might bring upon himself. He would say to those present and to 
all who know Mr. Carr personally that nothing could have given 
him greater pleasure and satisfaction than this opportunity of thus 
testifying to Mr. Carr’s inestimable services to the Society. 

The President, after expressing his appreciation of Mr. Carr’s 
courtesy and of his devotion to his work, handed him two 
cheques, one from the Council and the other from Fellows, who 
had given in addition a “ Grandmother ” clock and an Album con¬ 
taining the signatures of the Honorary Fellows and the Fellows 
who had contributed. 

Mr. Carr, in expressing his gratitude for the gifts, spoke of his 
great indebtedness to the Council, and to the Fellows of the 
Society who had contributed to the presentation. The Album 
would, he said, be particularly precious, as it would ever serve 
as a reminder of the intimate and happy associations he had 
always had with the Honorary Officers and with many of the 
Fellows. He deeply regretted that the Album did not contain 
the signatures of Sir William Tilden and Dr. Crossley, recalling 
that it was Sir William who offered him the appointment and who 
honoured him with his friendship. Mr. Carr stated how much 
pleasure it gave him to see present Prof. Thomson, for he was 
associated with him more than 30 years ago, and Dr. Scott, with 
whom he had worked for so many years; it was also a very happy 
coincidence that Dr. Forster should happen to be in London at this 
time. Again expressing his deep thanks to all those who had 
contributed to the presentation, Mr. Carr wished to thank especially 
warmly the Treasurer and those assisting him for the trouble they 
had so generously taken with regard to the presentation. The 
appreciation of his services manifested by the generous gifts would 
be an incentive to him to continue to carry on his work for the 
Society with enthusiasm and to the utmost of his ability. 

Certificates were read for the first time in favour of : 

Albert William Kemp Ingram, B.A., 261, High Street, Sheemess. 

Arthur Hereward Millard, 8, Westhall Road, Bark Lane, Bath. 

William Alexander Hugh Oswald, B.A., White Knights, St. George’s Hill, 
Weybridge. 

Bijoor Sanjiva Rao, B.A., Indian Institute of Science, Bangalore, India. 

Dr, H. Burgess and Mr. F. P. Dunn were elected Scrutators, and 
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a ballot for the election of Fellows was held. The following were 
subsequently declared elected as Fellows : 

Victor Scotthom George. 

Robert Edwin Goldsbrough. 

Albert de Bussy Goodman. 

Bhaba Nath Das Gupta, B.Sc., M.B. 
Cecil Owen Harvey, B.Sc., A.R.C.S., 
A.I.C. 

Genshiro Kurabayashi. 

William Claude Lyle, B.Sc., A.I.C. 
James Shankland Merry. 

Cecil Arthur Poulson. 

John Storrow Rumbold, B.Sc., A.I.C. 
Eugenie Sachs. 

Vaidyanatha Subrahmanyan, B.A. 

The following papers were read : 

“Syntheses of cyclic compounds. Part I. Ethyl py-dimethyl 
butane-aaSS-tetracarboxvlate and some c^cfcbutane compounds 
derived therefrom.” By I. Vogel. 

“A new method of (absolute) potentiometric titration.” By B. 
Cavanagf. 

“ Cis-trans-isomeTism of disulphoxides.” By E. V. Bell and 
GL M. Bennett. 

V Decomposition of some halogenated sulphides, and the nature of 
the 4 polymeric 9 ethylene sulphides.” By E. V. Bell, G. M. 
Bennett, and A. L. Hock, 

The Council has made the following Grants from the Besearch 
Fund:— 

£ s* d* 

Study of ketones of the type R a C:CH*CO*C 2 H 5 . (Miss) A, E. 

Abbott ... ... .. ... ... ... ... 10 0 0 

Orienting influences of certain groups in benzene, nuclei. A. W. 

Baldwin. .. .. 5 0 0 

Studies in aliphatic and cyclic sulphides (co?iid.). G. M. Bennett 10 0 0 
Effect of ring formation on substitution and on the reactivity of 

substituted groups, A. B re win . 10 0 0 

Mechanism of isomeric change in aromatic compounds (contd.). 

A. W. Chapman ... ... ... ... ... ... ... 10 0 0 

Determination of structure of certain sesquiterpene derivatives by 

synthesis. G, R. demo ... ... ... ... ... 15 0 0 

Introduction of substituents into the azo benzene molecule. J* 

Dexter ... ... ... ... ... ... 5 0 0 

I^ Tautomerism of the ketones of the type cycfohexanyl acetone 

(oowftf.). A. H. Pipkins ... ■ >.. ... ... 10 0 0 

Synthetic experiments in the sugar group. H. D. K. Drew ... 10 0 0 

IsolaUcic of dvi-manganese from manganese-containing com* 

(oontd.). J. G. F. Druce ... ,„i, ... ... 6 0 0 


Otto Guido Backeberg, B.A., M.Sc., 

A. I.C. 

Leonard Bayley. 

James Bell, jun., B.Sc., A.I.C. 
William John Bissell. 

William Bleloch, B.Sc. 

Donald Wm. Barker Boyd, M.A. 
Leslie George Scott Brooker, B.Sc., 
Ph.D., A.I.C. 

Francisco Miguel Camps-Campins, 

B. Sc. 

William Ryle Clifford Cur j el, B.A. 
Frederick Arthur Filby, B.Sc. 
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ajS-Dicyano esters of aliphatic acids. P. K. Dutt 

Properties of eonj ugated compounds. Factors governing additive 

reactions. J. T. Evans ... . 

Syntheses of partially substituted glycerols and other compounds. 

A. Fairbourae .. ... ... ... . 

Equilibria between aj8- and j8y-unsaturated acids (contd.). A. A. 

Goldberg. 

Experiments in the isoquinoline series. R. D. Haworth 

Studies in the monosaccharide group. E. L. Hirst . 

Oxidation of sugars and the preparation of reference compounds. 
D. I. Jones 

Formation and nitration of ^-substituted piperidines. R. J. W. 

Le F&vre. 

Studies in polymerisation. C. W. Long . . 

Condensation of aldehydes with glycine anhydride. P. G. Mar- 
shaU and W. P. Dickinson ... ... 

Synthesis of hexoses. S. Peat ... 

Structure of simple sugars. J. H. G. Plant . 

Effect of the so-called “ strainless ” rings on the carbon tetra¬ 
hedral angle (contd.). K. A. N. Rao. 

Structure of sparteine. R. Raper. 

Relative reactivities of halogens in alkyl halides. H. W. Rudd 
Influence of groups and associated rings on the stability of certain 

ring systems (contd.). S. S. G. Sircar . 

Synthesis of cyclic compounds. I. Vogel. 

Mechanism of the oxidation of fatty acids by enzymes secreted by 

mould fungi. T. K. Walker ... ... . 

Spatial structure of cycfoparaffins (contd .). W. A. Wightman ... 


£ a. d. 
15 0 0 

10 0 0 

15 0 0 

10 0 0 
10 0 0 
10 0 0 

5 0 0 

5 0 0 
7 0 0 

5 0 0 
5 0 0 
5 0 0 

15 0 0 
10 0 0 
3 0 0 

12 10 0 
10 0 0 

10 0 0 
10 0 0 

£263 10 0 


THE LIBRARY. 

The Library will be closed for Stocktaking from Monday, August 
1st, until Saturday, August 13th, 1927 (inclusive). During the 
following four weeks (August 15th to September 10th), the Library 
will close daily at 5 p.m. 


LIST OF FELLOWS, 1927. 

The List of Fellows for 1927 is now in active preparation, and will 
be supplied to those Fellows who make application to the Assistant 
Secretary by July 31st, 1927. In order that the new List may be 
as complete as possible, Fellows are invited to notify any change 
of address, or other alteration, before that date. 

List of Papers, or Abstracts thereof , received between May 19th 
and June 16th, 1927. (This List does not include the titles of papers 




74 

which have been read at an Ordinary Scientific Meeting, or which 
have appeared in the Journal.) 

4 4 Equilibrium diagram of the system thallium-phosphorous.’ 9 By 
Q. A. Manstjri. 

44 On the condensation of cinnamic acid with resorcinol and pyro- 
gallol.” By T. E. Ellison. 

“ The nature of the sintering of active copper catalysts.” By F, H. 
Constable. 

" The action of alkalis on clay.” By H. B. Oakley. 

“Strychnine and brucine. Part IV.” By 0. R. Clemo, W. H. 

Perkin, and R. Robinson. 4 

“ Strychnine and brucine. Part V.” By J. M. Gotland, W. H. 
Perkin, and R. Robinson. 

“ Besson’s supposed phosphorus suboxide, P 2 0.” By L. J. Chalk 
and J. R. Partington. 

44 The electronic structure of atoms. Part I. The periodic 
classification.” By J. D. M. Smith. 

“The oxidation of nitrophenylcyanoacetates. Part II.” By A. 
Faikbotjrne and H. R. Fawson. 

“ Gold and mercury derivatives of 2-thiolglyoxalines. Mechanism 
of the oxidation of 2-thiolglyoxalines to glyoxalines.” By 
I. E. Bala ban and H. King. 

44 The preparation of 4-hydroxycoumarin derivatives.” By I. M. 
Heilbbon and D. W. Hill . 

“ Styrylpyryhum salts. Part IX. Colour phenomena associated 
with benzonaphtha- and dinaphtha-^ropyrans.” By R. 
Dickinson and I. M. Heilbbon. 

u The absorption spectrum of ergosterol, in relation to the photo¬ 
synthetic formation of vitamin-D.” By R. A. Morton, I. M. 
Hhelbbon, and E. D. Kamm. 

“ Organic compounds of arsenic. Part III. Orthotriphenylene 
diarsine.” By N. P. McCleland and J. B. Whitworth. 
u Chlorocamphoranilic acids and chlorophenyl camphorimides.” 
By M. Singh and R. Singh. 

“ The isomeric hydroxybenzyldimethylamines.” By E. Stedman. 
“ A synthesis of rutaecarpine.” By Y. Asahina, R. H. F. Manske, 
and R. Robinson. 

u Methyl mercuric halides and hydroxide.” By L. E. Hinkel and 
. T. H. Angel. ^ ■ ■ 

Tte oxidation of triacontane.” By F. Francis and N. E. Wood. 
“ A new form of thermostat and observation tubes for polarimetric 

iv ; r . 

u structure in solution. Part n. The refractive indices 
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and surface tension of aqueous solutions of cobalt chloride 
and hydrochloric acid.” By 0. R. Howell. 

“ A synthesis of safrole and o-safrole.” By W. H. Perkin and 

V. M. Trikojtjs. 

“ Acid and salt effects in catalysed reactions. Part X. The 
hydrolysis of ethyl acetate with acetic acid as catalyst.” By 

H. M. Dawson and W. Lowson. 

“ Experiments on the synthesis of anthoeyanins. Part III.” By 
A. Robertson and R. Robinson. 

“The catalytic hydrogenation of different types of nnsaturated 
compounds. Part H. The hydrogenation of conjugated 
systems.” By S. V. Lebedev and A. 0. Yakubchik. 

“ The systems B 2 0 s -S0 3 -H 2 0 and B 2 0 3 -P 2 0 5 -H 2 0.” By M. Levi 
and L. F. Gilbert. 

“ Studies in the coumarin series. Part I. The action of the 
Grignard reagent upon substituted coumarins.” By I. M. 
Heilbron and D. W. Hill. 

“ The intermolecular condensation of styryl methyl ketones. Part 

I, ” By R. Dickinson, I. M. Heilbron, and F. Irving. 
“Reactions of sodium compounds of aromatic ketones. Part I. 

Synthesis of triarylcarbinols and of triaryliaethane dyes.” By 
E. H. Rodd and F. W. Linch. 

“Reactions of sodium compounds of aromatic ketones. Part II. 
Their reaction with methyl and methylene groups and their 
products of decomposition.” By E. H. Rodd and E. W. Linch. 
“Molecular volumes at absolute zero. Part I. Density as a 
function of temperature.” By S. Sugden. 

“ Molecular volumes at absolute zero. Part II. Zero volumes and 
chemical composition.” By S. Sugden. 

“The action of hydrazines on semicarbazones. Part m.” By 

W. Baird and F. J. Wilson. 

“ Nitro-derivatives of the homopyroeatechol ethers.” By A. E. 
Oxford. 

“ The thermal dissociation of carbonyl chloride.” By H. Ingleson. 
“ The isomerism of the oximes. Part XXXI. Thefurfuraldoximes 
and 2-methoxy- and 4-methoxy-l-naphthaldoxhnes.” By 
0. L. Brady and R. F. Goldstein. 

“Syntheses of glucosides. Part I. The synthesis of indican.” 
By A. Robertson. 
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ADDITIONS TO THE LIBRARY. 

I. Donations. 

Askenson, [George William]. Le manuel du parfumeur. 4th 
French edition. By Rxrtfc Sorbet. Paris 1927. pp. vi + 142. 
ill. 18 fir. (Reed. 15/6/27.] 

From the Publishers : MM. Gauthier Villars et Cie. 

Brenchley, Winifred Elsie. Inorganic plant poisons and 
stimulants. 2nd edition. Cambridge 1927. pp. x + 134. ill. 
105. 6d. net. (Reed. 30/5/27.) From the Author. 

Caven, Robert Martin. Atoms and molecules : being Part I 
and Chapter XII of “ The foundations of chemical theory. 3 ’ London 
1927. pp. Yiii + 142. ill. Is. net. (Reed. 3/6/27.) 

From the Publishers : Messrs. Blackie & Son. 

Martin, Arthur John. The activated sludge process. London 
1927. pp. xiv + 416. ill. 305. net. (Reed. 13/6/27.) 

From the Author. 

Saunders, Vivian T. The polarimeter : a lecture on the theory 
and practice of polarimetry. London [1927]. pp. 30. ill. 15. 6 d. 
net. (Reed. 24/5/27.) From the Publishers : Messrs. Adam Hilger. 

Stevens, Henry Potter. The paper mill • chemist. 3rd 
edition. London 1926. pp. viii + 317* ill. 105. 6d. net. (Reed. 
24/5/27.) From the Author. 

Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. VI. Part iv. Berlin 1927. 
pp. 721 to 960. M. 10. (Reed. 8/6/27.) 

From the Publishers ; Herren Urban & Schwarzenberg. 

Twyman, Frank. Two lectures on the development and present 
position of chemical analysis by emission spectra* London [1927]. 
pp. 43. ill. 25.6d.net. (Reed. 24/5/27.) 

From the Publishers : Messrs. Adam Hilger. 

[United States] National Research Council. A survey of 
American chemistry. Vol. I, July 1,1925 to July 1,1926. Edited 
by William J. Hale in co-operation with Clarence Jay West. 
Sfew York 1927* pp, 258. (. Reference .) From the Editors. 

II. By Purchase. 

Baud, Paul. Chimie industrielle. La grande industrie chimique; 
les mfitalloides et leur composes; les m^taux et leurs sels; industries 
l^prgamqiies* 2nd edition. Paris 1927. pp. xii + 1022. ill. 

(Reed. 17/6/27.) 

• iMfe, Sir William James. The Sale of Food and Drugs Acts, 
* . - with notes and cases. 7th edition. By Charles F. Lloyd and 

'■ ' : ■■ ■ 
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R. A. Robinson. London 1923. pp. xxvi + 374 + 54. 15s. net, 
(Reed. 21/5/27.) 

Blasdale, Walter Charles. Equilibria in saturated salt 
solutions: a summary of the results of the study of the hetero¬ 
geneous equilibria which exist in aqueous solutions of electrolytes. 
New York 1927. pp. 198. ill, 19$. net. (Reed. 16/5/27.) 

’ Dammer, Bruno, and Tietze, Oskar. Die nutzbaren Mineralien 
mit Ausnahme der Erze und Kohlen. 2nd edition. Vol. I. Stutt¬ 
gart 1927. pp. xx + 554. ill. M . 3540. (Reed. 21/5/27.) 

Foster, William. The romance of chemistry. New York 1927. 
pp. xvi + 468. ill. 12$. 6 d. net. (Reed. 8/6/27.) 

Frankel, Sigmund. Die Arzneimittel-Synthese. Auf Grund- 
lage der Beziehungen zwischen chemischem Aufbau und Wirkung. 
6th edition. Berlin 1927. pp. vii + 935. M . 93. (Reed. 2/6/27.) 

Gottlob, [Kurt]. Technology of rubber. Translated from the 
German edition of 1925 by Joseph L. Rosenbaum, London 1927. 
pp. xvi + 350. ill. 42$. net. (Reed. 18/5/27.) 

Haas, Arthur. Atomic theory: an elementary exposition. 
Translated by Terence Verschoyle. London 1927. pp. xiv + 
222. ill. 10$. 6d. net. (Reed. 18/5/27). 

Haber, Fritz. Aus Leben und Beruf: Aufsatze, Reden, 
Vortrage. Berlin 1927. pp. vii +173. ill. M. 5*70. (Reed. 
2/6/27.) 

Hall, Archibald John. Textile bleaching, dyeing, printing 
and finishing machinery. London 1926. pp. 320. ill. 50$. net. 
(Reed. 16/5/27.) 

Herzog, Reginald Oliver. [Editor.] Chemische Technologic 
der organischen Verbindungen. 2nd edition. Heidelberg 1927. 
pp, xii + 997. ill. M. 70. (Reed. 21/5/27.) 

Hevesy, Georg von. Die seltenen Erden vom Standpunkte des 
Atombaues. (Struktur der Materie in Einzeldarstellungen.) 
Berhn 1927. pp. vii + 140. ill. M. 10-20. (Reed. 216/21.) 

Huckel, Walter. Katalyse mit kolloiden Metallen. (Kolloid- 
forschung in Einzeldarstellungen.) Leipzig 1927. pp. viii + 86. 
ill. M. 6. (Reed. 18/5/27.) 

Hund, Fbiedeioh. Linienspektren und periodisches System 
der Elemente. (Struktur der Materie in Einzeldarstellungen.) 
Berlin 1927. pp. vi + 221. ill. M. 16*20. (Reed. 2/6/27.) 

Kolthoff, I. M. Konduktometrische Titrationen. Dresden 
1923. pp. vii + 94. ill. M. 2-75, {Reed. 25/5/27.) 

Meyer, Stefan, and Schweidler, Egon. Radioaktivitat. 2nd 
edition. Leipzig 1927. pp. x + 722. ill. M. 36. (Reed. 25/5/27.) 

Mobius, Martin. Die Farbstofie der Pflanzen. Berlin 1927. 
pp. vii + 200. ill. M. 14-50. (Reed. 21/5/27.) 
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Mookerji, Bhudeb. Rasa-jala-nidhi, or, Ocean of Indian 
chemistry and alchemy. Vol. I. Compiled in Sanskrit with 
English translation. Calcutta [1926]. pp. xxiv + 350 + vi. 15s. 
net. {Reed. 18/5/27.) 

Pullin', V. E., and Wiltshire, W. J. X-rays past and present. 
London 1927. pp. 230. ill. 12s. 6d. net. (JRecd. 18/5/27.) 

Smith, Edgar Pahs. Old chemistries. New York 1927. pp. 
xii + 90. ill. 12s. U. net. {Reed. 9/6/27.) 

Strache, Hugo, and Ulmann, Heinrich. Leitfaden der 
Technojogie der Brennstoffe. Leipzig 1927. pp. x + 471. ill. 
M. 24-40. {Reed. 8/6/27.) 

Tkaysen, Aage Christian and Bunker, Henry James. The 
microbiology of cellulose, hemicelluloses, pectin and gums. 
London 1927. pp. viii + 364. ill. 25s. net. {Reed. 11/5/27.) 

Tolman, Richard C. Statistical mechanics with applications 
to physics and chemistry. New York 1927. pp. 334. 29s. 6 d. 
(Reed. 13/6/27.) 

World Power Conference. Transactions of the Basle 
Sectional meeting 1926. 2 vols. Basel [1927]. pp. xxxii + 1258, 
xxiv + 1538. ill. {Reference.) £5 net. 


III. Pamphlets. 


Barton, Prancis Rickman. Nickel coinage. London [1926]. 
pp. iv + 50. ill. 

Butler, Joe B. Descriptive bibliography on oil and fluid flow 
and heat transfer in pipes. (Prom Bull. Univ. Missouri School of 
Mines and Metallurgy , Tech . Series , 1926, 9.) 

Carpenter, Henry Cort Harold. Methods of growing large 
metal crystals : being the fourth Sorby Lecture, delivered on Friday, 
October 22nd, 1926. [Sheffield 1927.] pp. 31. ill. 

Coward, Hubert Prank [and others]. The explosibility of 
methane and natural gas, (Bulletin 30, Mining and Metallurgical 
Investigations.) Pittsburgh 1926. pp. viii + 42. ill. 

Elworthy, R. T. Helium in Canada. (Canada, Department 
of Mines. Mines Branch No. 679.) Ottawa 1926. pp. iv + 64* 
ill. , 


Hancock, George Charles. A report on the occurrence of 
glass fragments in foods packed in glass containers. {Ministry of 
He&Wb Reports on Public Health and Medical Subjects , No. 37.) 
London 1927. pp. iv + 36. ill. 

rt on an outbreak of illness at Poplar suspected to be 
Jtocai pdllntion of the water supply. {Ministry of Health 
$ Public HeaKh and Medical Subjects, No. 41.) London 


r^ + 27 . m. 
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Lasareff, P. Untersuchungen fiber die Ionentheorie der Reizung. 
Parts V-X. (From Pflugers Archiv. f. d. ges. Physiol, 1922—26, 

197—214.) 

Mines Department. Safety in Mines Research Board . Paper 
No. 33. The inflammation of coal dusts : the effect of the chemical 
composition of the dust. By T. N. Mason and Richard Vernon 
Wheeler. London 1927. pp. 20. 

'—- —— Paper No. 34. Safety in mines research station, 
Buxton. A description. London 1927. pp. 45. ill. 

Ministry of Health. Report of the Departmental Committee 
on the treatment of flour with chemical substances. London 1927. 
pp. 24. 

Monier-Williams, Gordon Wickham. The determination of 
benzoic acid in foodstuffs. {Ministry of Health Reports on Public 
Health and Medical Subjects , No. 39.) London 1927. pp. iv + 57. 
ill. 

-The determination of sulphur dioxide in foods. {Ministry 

of Health Reports on Public Health and Medical Subjects , No. 43.) 
London 1927. pp. vi + 56. ill. 

Pharmaceutical Society of Great Britain. Pharmacological 
Laboratories. First annual report, 1926. London [1927]. pp. 7. 

Rothamsted Conferences. I. The growing of lucerne. 
Report of a conference held at Rothamsted on January 27th, 1926. 
London 1926. pp. 32. 

— - II. The culture and manuring of fodder crops. Report 
of a conference held at Rothamsted on March 30th, 1926. London 

1926. pp. 40. 

—— III. Green manuring, its possibilities and limitations in 
practice. Report of a conference held at Rothamsted on December 
10th, 1926. London 1927. pp. 39. 

-IV. The culture and manuring of sugar-beet. Report of 

a conference held at Rothamsted on January 19th, 1927. London 

1927. pp. 56. . 

Russell, Sir Edward John [and others]. The manuring of 
potatoes. (From the J. Ministry Agric 1926, 32.) 

Scientific and Industrial Research, Department of. Co¬ 
operative industrial research : an account of the work of research 
associations under the Government scheme. London 1927. pp. 
viii -f* 46. ill. 

-- Report of the Stone Preservation Committee. London 

1927. pp. iv + 33. ill. 

-* Building Research, Special Report No. 9. limes and lime 

mortars. By Alfred Denys Cowper. London 1927. pp. vi -f- 
81. ill. ■ ' 
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Scmrana and Industrial Research, Department of. 
Engineering Research Special Report No. 1. Properties of 
mat^Hals at high temperatures. I. Mechanical properties of 
Armco Iron, 0-17 per cent, carbon steel, and 0*24 per cent, carbon 
steel, with special reference to creep. By H. J. Tapsell and W. J. 
Clenshaw. London 1927. pp. viii + 60. 

- Food Investigation. Special Report No. 30. Gas storage 

of fruit: the use of artificial atmospheres of regulated composition 
. . . for. the purpose of preserving fresh fruit during overseas trans¬ 
port or in land stores. By Franklin Kidd, Cyril West, and 
M. N. Kidd. London 1927. pp. viii + 85. ill. 

—— Fuel Research. Technical Paper No. 16. The primary de¬ 
composition of coal. 1. The temperature of initial decomposition. 
By James Grieve King and Robert Ernest Willgress. London 
1927. pp. vi + 19. ill. 

Tattbrsheld, Frederick, Gimingham, Conrad Theodore, 
and Morris, H. M. Studies on contact insecticides. Parts I to 
IV. (From the Ann. Applied Biol, 1925-26,12-13.) 

Union International! de la Chimie Pure et Applique. 
Rapport du Comite de Travail de Reforme de la Nomenclature de 
Chimie Minerals. Paris 1926. pp. 20. , 

Wander, Georg. liber das “ Hesperidin ” einiger Pflanzen, 
Bern 1925. pp. iv -f- 72 + 8 plates. 

[War Oebtoe.] Research Department, Woolwich R.D. Report 
No. 67. The influence of molybdenum on medium carbon steels 
containing nickel and chromium. {By J. A. Jones.] London 
1927. pp. 59. ill. 

Weiderpass, N., and Kogerman, P. tiber die Anwendbarkeit 
der Brennschieferol-Phenolate zur Holzkonservierung. (From the 
Sitz. Nat.-Qes. Univ, Tartu, 1926, 33.) 

Welch, Marcus Baldwin, and Coombs, Frank Andrew. The 
principal tanning materials of Australia, and their leather forming 
properties. [Sydney Technological Museum Bulletin, No. 10.) 
1926. pp. 20 + 7 plates. 



PROCEEDINGS 


OP THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, October 20th, 1927, at 
8 p.m., Professor H. Brereton Baker, C.B.E., D.Sc., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

Svante August Arrhenius (Honorary 


Fellow) . Jan. 20th, 1898. Oct. 2nd, 1927. 

George H. Bostock . June 16th, 1881. August 1st, 1927. 

Benjamin A. Burrell . May 4th, 1882. July 6th, 1927. 

Madanlal J. Gajjar . June 20th, 1912. July 25th, 1926. 

Cuthbert C. Gibbes . Feb. 6th, 1890. August 25th, 1927. 

Alfred J. Gregory. June 18tli, 1891. July 14th,' 1927. 

Archibald Liversidge .. Nov. 7th, 1872. Sept. 26th, 1927. 

Wallace C. Nickels . Dec. 5th, 1889. July 6th, 1927. 

Henry R. Procter. June 15th, 1871. August i7th, 1927. 

Stanley E. Pusey... Feb. 17th, 1927. May 23rd, 1927. 

John T. Sheard.. June 16th, 1887. July 20th, 1927. 

Herbert Trewby . March 15th, 1888. Oct. 19th, 1926. 


and stated that the following resolution had been passed by the 
Council at its Meeting held that afternoon: 

The Council desires to express its deep sorrow at the death 
of Svante August Arrhenius, who had been a distinguished 
Honorary Fejlow of the Society for nearly twenty years. 

The Council records its sense of the irreparable loss the Science 
of Chemistry has sustained throughout the world, and offers to 
Madame Arrhenius its warmest sympathy in her bereavement. 

It was announced that: 

1. Sir Joseph J. Thomson, O.M., F.R.S., Master of Trinity College, 
Cambridge, had been proposed by the Council as an Honorary 
Fellow of the Society, and that a ballot for his election would be held 
at the next Ordinary Scientific Meeting on November 3rd. 

2. The Jubilee Dinner of the Institute of Chemistry would be held 
bn Thursday, December 15th, and the Council had decided to abandon 
the Ordinary Scientific Meeting arranged for that evening. 
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3. The following address had been sealed and would be presented 
on the occasion of the Marcelin Berthelot Centenary Celebrations to 
be held in Paris, October 23rd to 26th, 1927, and that the Society 
•would be represented by the President, Professor H. Brereton Baker, 
Mr. A. Chaston Chapman, and Professor C. S. Gibson:— 

The Chemical Society 
to 

Le Comiti Marcelin Berthelot . 

On the occasion of the celebration of the Centenary of the birth of 
Marcelin Berthelot, we, the President, Council, and Fellows of the 
Chemical Society, desire to join with you, his countrymen, in paying 
homage to the memory of the man whose name stands as a symbol 
for the lifelong pursuit of knowledge in the cause of truth and of 
civilisation. 

In Berthelot we honour the man who first explained the ethereal 
salts and showed the role of Glycerin as a ££ triatomic ” alcohol; 
who proved that chemical actions might proceed both directly and 
inversely until an equilibrium was reached; who laboured for years 
at thermo-chemistry to build up our science on the sure foundation 
of mechanical laws; who startled us by the explosion-wave; who 
charmed us with the origins of Alchemy. 

But above all we are indebted to Berthelot as the man who first 
opened to us a new world of Synthetic Organic Chemistry. We are 
proud to remember that in 1860 our Society honoured itself and him 
by electing him an Honorary Fellow, and that we possess in our 
Journal the record of that brilliant experimental lecture in which 
he showed us how to <c forge the first links of the extended chain 
of organic compounds by methods belonging purely to mineral 
chemistry.” 

We look back on Berthelot as one of the great pioneers of Science. 
In all his explorations he ever sought for the origins of things; he 
never rested until he discovered the principles underlying the 
chemical changes he studied. 

We of a younger generation who follow his footsteps recognise the 
master-mind in all his researches; we deeply feel the inspiration of 
his genius. 

Signed on behalf of the Chemical Society, 

H. B. Baker, President 
Jocelyn Thorpe, Treasurer , 

T. Slats® tonaaA sectaries. 

C. S. Gibson, J 
F. G. Donnan, Foreign Secretary . 




83 


Sealed in Council this Seventh Day of July, One Thousand Nine 
Hundred and Twenty-seven. 

The following were formally admitted Fellows of the Chemical 
Society : L. Bayley, F. A. Filby, F. G. Soper, R. P, Linstead, W. A. 
Berry, L. H. N. Cooper, G. C. L. Griffin, G. H. Locket. 

Certificates were read for the first time in favour of : 

Stanley Birks, B.A., The Limes, High View Avenue, Grays. 

George Edward Kevin Blythe, B.Sc., Ph.D., 20, Pantygwydr Road, Uplands, 
Swansea. 

Charles Nightingale Clay, B.Sc., A.I.C., 81, Cromwell Road, S.W. 7. 

Philip Dalton Coppock, B.Sc., M.Sc.Tech., 50, Albany Road, Victoria Park, 
Manchester. 

Benjamin John Corder, Rev., B.A., The Rectory, Radnage, High Wycombe. 
Herbert England, 22, Queens Road, Harrogate. 

Robert Railton Fitzgerald, 68, Bath Row, Birmingham. 

Horace Leonard Gerry, Lyndale, Queen’s Park, Chester. 

Thomas Joseph Glover, M.Sc., Ph.D., 40, Curzon Street, South Circular Road, 
Dublin. 

Mariam Puthenparampil Go mm en, B.A., 59, Tregunter Road, West Brompton, 
S.W. 10. 

Charles Robert Harington, M.A., Ph.D., 2, The Greenway, Gerrard’s Cross. 
Edgar Albert Hayman, 100, Doyle Gardens, Harlesden, N.W. 10. 

Herbert Richard Hussey, 31, Thornbury Avenue, Southampton. 

John William Thomas Jones, A.R.C.S., 112, Gaskarth Road, S.W. 12. 
Reginald Benjamin King, B.Sc., 52, Mostyn Road, Merton Park, S.W. 19. 
Zenjiro Kitasato, D.Sc., Chemical Department, The University, Manchester. 
Frederic Goronwy Kny- Jones, B.Sc., 1, Liniey Road, Bruce Grove, N. 17. 
John McBride, Uzina Sinimbri, Sao Miguel de Campos, Alagdas, Brazil. 

James Younger Macdonald, B.A., 17, Learmonth Gardens, E dinb urgh. 

James Eric McNeil, B.Sc., Claremont, Lake Road East, Cardiff. 

David Owen Meredith, P.O. Box AA-B, Hobart, Tas mani a. 

Shinzo Murakami, Chemical Department, The University, Manchester. 
Ryuzaburo Nodzu, D.Sc., Chemical Department, The University, Manchester. 
Gordon Perrins, The Royal Infirmary, Edinburgh. 

Mata Prasad, D.Sc., Royal Institute of Science, Bombay. 

Walter Desmond Raymond, B.Sc., Chemical Laboratory, Baghdad, 

Albert Ernest Robinson,'14, Brentwood Terrace, Annley, Leeds. 

William Dallas Scott, A.R.C.S., Eldercroft, Cassio Road, Watford. 

Ian Campbell Somerville, B.Sc., Ph.D., 319, Ryers Avenue, Cheltenham, Pa., 
U.S.A. 

Robert Walton, The Mill House, Langford, Maldon, Essex. 

Certificates have been authorised by the Council for presentation 
to ballot under Bye-Law I (2): 

Paul Nicholas Leech, A.B., Sc.M., Ph.D., 1513, Asbury Avenue, Winnetka, 
IU„ U.S.A. 

Otto Ruff, Dr.Phil., Dr.Ing., Borsigstrasse 23, Breslau, Germany. 

The following papers were read : 



84 


<{ Studies of dynamic isomerism. Part XXIV. Neutral salt 
action in mutarotation. 55 By T. M. Lowry and G. F. Smith. 

“ Studies of dynamic isomerism. Part XXV. The mechanism of 
catalysis by acids and bases. 55 By T. M. Lowry. 

“ 10-Chloro-5 :10-dihydrophenarsazine and its derivatives. Part 
V. The general method of synthesis and determination of 
constitution. 55 By r C. S. Gibson' and J. I). A. Johnsont. 

“ On active nitrogen. Part IV. The independence of the afterglow 
and chemical properties of active nitrogen. 55 By E. J. B. 
Willey. 


LECTURE. 

Professor W. A. Bone’s lecture entitled “ Gaseous Combustion at 
High Pressures 55 will be delivered in the Rooms of the Society on 
Thursday, November 24th, 1927, at 8 p.m. 

Owing to limited accommodation only Fellows will be admitted. 


ANNUAL REPORTS. 

The price of the Annual Reports for 1927, Volume XXIV, will be 
5s. M. to those Fellows who apply by Christmas Day, 1927. Applic¬ 
ation should be made to the Assistant Secretary, and must be 
accompanied by a remittance. 


RESEARCH FUND. 

A meeting of the Research Fund Committee will be held in 
December next. Applications for Grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Thursday, December 1st, 1927. Applications from Fellows 
will receive prior consideration. 

All persons wbo received Grants in December, 1926, or in 
December of any previous year, whose accounts have not been 
closed by the Council, are reminded that Reports must be returned 
by December 1st. 


ERRATUM. 

Proceedings 1927, p. 70, line 8 from bottom,/or “ timorously 55 
read “ timeously. 55 

i ' ' ____ 

List of Papers, or Abstracts thereof, received between June 16th 
and October 20th, 1927. (This List does not include the titles of 
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papers which have been read at an Ordinary Scientific Meeting or 
which have appeared in the Journal.) 

44 Bis-semidine inversion in aromatic dihydrazo-compounds.” By P. C. 
Gxjha and H. K. Banerjee. 

44 The composition of bleaching powder. Part I.” By E. A. O’Connor. 

“ A contribution to the stereochemistry of tervalent nitrogen.” By J. G. 

Jackson and J. Kenner. ' 

“ The influence of alkalis on the coagulation of silica and clay suspensions.” 
By H. B. Oakley. 

“ The absorption spectra of various alkaloids and their salicylates and of 
other derivatives of salicylic acid.” By J. E. Purvis. 

44 The halogenation of p -hydroxydiphenylamine. Part II.” By A. E. 

Bradfield, L. H. N. Cooper, and K. J. P. Orton. 

4 4 The chemistry of the glutaconic acids. Part XXII. Synthesis of A 2 -tetra- 
hydroisophthalic acid.” By W. M. Duffin, E. H. Farmer, and H. L. 
Richardson. 

44 The active agent in aqueous bromination.” By A. W. Francis. 

“ A study of the anomalous rotatory dispersion of configuratively related 
compounds.” By C. E. Wood and S. D. Nicholas. 

44 Anomalous rotatory dispersion from the standpoint of the Drude equation.” 
By C. E. Wood and S. D. Nicholas. 

44 Rotatory dispersion. Intersections of dispersion curves and of temperature 
rotation curves.” By C. E. Wood and S. D. Nicholas. 

44 The rotatory dispersion of optically active co-ordination compounds.” By 
C. E. Wood and S. D. Nicholas. 

44 Some molecular compounds of copper and nickel salicylates.” By W. E. 
Hamer. 

44 A comparison of the reaction of chromyl chloride with various substituted 
toluenes.” By J. B. Shoesmith, R. J. Connor, and A. C. Hethebington. 
44 Varying valency of platinum with respect to mercaptanic radicals. Part V. 

Tervaleney and quinquevalency of platinum.” By P. C. Ray. 

44 Beryllium dialkyls.”. By H. Gilman and F. Schulze. 

44 Hydration of cyclic compounds under pressure in presence of osmium and 
other catalysing agents (catalysers).” By V. S. Sadikov and A. K. 
Mikhailov. 

44 The critical temperature of boron trichloride and silicon tetrachloride.” By 
T. W. Parker and P. L. Robinson. 

44 Organic derivatives of silicon. Part XXXIII. An amorphous variety of 
octaphenylcycZosilicotetrane.” By F. S. Kipping. 

44 Organic derivatives of silicon. Part XXXIV. The action of sodium on 
diphenylphenoxysilicyl chloride.” By F. S. Kipping. 

44 Organic derivatives of silicon. Part XXXV. The preparation of diphenyl- 
silicon dichloride : Grignard ether and its action on silicon tetrachloride.” 
By F. S. Kipping and A. G. Murray. 

44 The dichromate reaction as a method for the quantitative estimation of 
certain aliphatic and aromatic substances.” By H. Ark. 

44 An examination of a method of estimating the iron and sulphur in com¬ 
pounds of these elements.” By P. L. Robinson, L. A. Sayce, and j. 
Stevenson. 

<4 The reaction between monohydrated ferric oxide and hydrogen sulphide 
at I00°.” By T. G. Pearson and P. L. Robinson. 

44 A simple form of automatic syphon.” By D. C. Harrison. 
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“ The hydrolysis of solutions of sodium palmitate as measured by extraction 
with p-xylene.” By J. W. McBain and R. Buckingham. 

“ The effect of electrolytes upon the viscosity of solutions of sodium palmitate.’ 5 
By J. W. McBain, H. J. Willavoys, and H. Heighington. 

“ On a new series of double sulphates of the copper-magnesium group and the 
sulphonium bases. Part II.” By P. C. Ray and N. Ray. 

“ The action of potassium cyanide upon chloral.” By F. I). Chattaway. 

“The condensation of o-aminothiophenol with ajS-unsaturated acids.” By 
W. H. Mills and J. B. Whitworth. 

“ The interaction of chloral and aryl hydrazines.” By F. I). Chattaway and 
R. Bennett. 

“The alkylation of a-cyano-jS-alkylacrylic esters and of a-phenyl-jS-alkyl- 
aerylic nitriles.” By J. A. McRae and R. H. F. Manske. 

ts Substitution products of 3-nitro- and 3-amino-diphenyl.” By W. Blakey 
and H. A. Scarborough. 

4 4 The complex salts of nickel with various aliphatic diamines.” By F. G. Mann. 

“ Substitution products of 4-hydroxybenzophenone and of its methyl ether.” 
By W. Blakey, W. I. Jones, and H. A. Scarborough. 

“ Molecular structure in solution. Part III. The electrical conductivities of 
aqueous solutions of cobalt chloride and hydrochloric acid.” By O. R. 
Howell. 

“ The eleetroendosmosis of aqueous solutions through glass diaphragms.” By 
H. C. Hepburn. 

“ The orienting influence of free and bound ionic charges on attached simple 
or conjugated unsaturated systems. Part II. The nitration of 1 -benzyl- 
piperidine and of some related substances.” By A. Pollard and R* 
Robinson. 

“ Aromatic thionyl and chlorothionyl derivatives. Part III. Some reactions 
of thionylalizarin.” By A. Green. 

“ On the conjugated trialkyl sulphonium double sulphates of the copper- 
magnesium group.” By P. C. R1 y and N. N. R£y. 

“ Substituted diaryl ethers. Part II. The Friedel and Crafts reaction 
applied to di-p-tolyl ether.” By J. Reilly and P. J. Drumm. 

“The union of benzoylacetonitrile with organic bases in the presence of 
salieylaldehyde. Part II.” By P. Krishnamurti. 

“A note on the thermal dissociation of strontium carbonate.” By E. O. 
Jones and M. L. Becker. 

“ Halogenation of phenols. Part n. lodination” By F. G. Soper and 
G. F. Smith. 

“ The orienting influence of free and bound ionic charges on attached simple 
or conjugated unsaturated systems. Part HI. The nitration of benzyl- 

■ wi-nitrophenylsulphone. By B. Chatterjee and R. Robinson. 

* orienting influence of free and bound ionic charges on attached simp le 
or conjugated unsaturated systems. Part TV. The nitration of 
oj-toluenesulphonic acid and of cu-toluenesulphonyl chloride.” By A. C. 
Bottomley and R. Robinson. 

“ 7-Hydroxy-3-phenylcoumarin.” By W. Baker. 

“ The activity theory of reaction velocity. The interaction of #-chloro- 
acetanilide and hydrochloric acid.” By F. G. Soper and D. R. Pryde. 

“ The isomerism of the oximes. Fart XXXII. Hydrosulphates.” ByO. L, 
Brady and A. H. Whi tehe ad. 

“A new synthesis of hydrsstie acid.” By T. S. Stevens and M. C. 
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“ The preparation of triacetonaraine-hydrate.” By F. Francis. 

“The condensation of certain jS-ketonic esters with o-hydroxymonostyryl 
ketones.” By R. Hill. 

“ Studies in the sterol group. Part I. The effect of heat on cholesterol and 
the structure of cholesterilene.” By I. M. Heilbron and W. A. Sexton. 
“ Studies in the sterol group, Part II. The absorption spectra of some 
cholesterol derivatives.” By I. M. Heilbron, R. A. Morton, and W. A. 
Sexton. 

“ A simple method of finding the true shape and dimensions of a gas molecule 
at normal temperature and pressure.” By A. Skinner. 

“ The reactions between oxygen and coal.” By W. Francis and R. V. 
Wheeler. 

“ A note on Pregl’s universal filling applied to combustions on a macro-scale.” 
By W. Davies. 

“ A comparison of the activating effect of the nitro, sulphonic acid, and 
carboxylic acid groups.” By W. Davies and E. S. Wood. 

“ The formation of organic periodic structures.” By M. Copisarow. 

“ An X-ray examination of saturated dicarboxylic acids and amides of the 
fatty acid series.” By E. Henderson. 

“ A general method for the preparation of carboeyanine dyes.” By F. M. 
Hamer. 

“ The chemical nature of precipitated basic cupric carbonate.” By J. R. I. 
Hepburn. 

“ Investigations on the reactivity of halogens in various types of naphthalene 
derivatives. Part I.” By J*. B. Shoesmith and H. Rubli. 

“ The sulphonation of glyoxalines. Part III.”, By G. R. Barnes and F. L. 
Pyman. 

“ Quaternary salts in the benzoselenazole series.” By L. M. Clark. 

“ A double compound of chromic and hydrogen chlorides,” By J. R. 
Partington and S. K. Tweedy. 

“ The viscosities of chromic anhydride solutions.” By J. R. Partington and 
S. K. Tweedy. 

“ Some effects of the distribution of current density over an electrode.” By 
E. S. Hedges. 

“ Properties* of conjugated compounds. Part III. The bearing of bexa- 
triene chemistry on the reactive form of conjugated hydrocarbons.” By 
E. H. Farmer, B. D. Laroia, T. M. Switz, and J. F. Thorpe. 

“ The dimorphism of 2-chloro-4-acetamidotoluene.” By M. Schofield. 

“ Investigations on the reactivity of halogens in various types of naphthalene 
derivatives. Part II.” By J. B. Shoesmith and H. Rubli. 

** The mechanism of the formation of citric and oxalic acids from sugars by 
Aspergillus niger” By T, K. Walker, V. Subramaniam, and F. 
Challenger. 

“ The acetylation of cellulose.” By H. J. P. Venn. 

“ Reduction of nitrites, nitrates, and nitric acid with magnesium amalgam—a 
new method of preparing hyponitrites and preparation of some new 
hyponitrites,” By P. Neogi and B. L. Nandi. 

“ The Reimer-Tiemann reaction with m-bromo- and m-iodo-phenol.” By 
H. H. Hodgson and T. A. Jenkinson. 

“ The action of tolylhydrazines upon dihydroxytartaric acid.” By F, D. 
Chattaway and W. G. Humphrey. 

“ Syntheses in the indole series. Part II* 5: 6-Benzo-4-earboline and its 
derivatives.” By W. O. Kermack and R. H. Slater* 
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A new stereoisomeride ( irans -) of hexahydrocarbazole.” By J. Gurney, 
W. H. Perkin, and S. G. P. Plant. 

tc A physico-chemical study of lactones derived from simple sugars.” By 

S. R. Carter, W. N. Haworth, and R. A. Robinson. 

u The constitution of the disaccharides. Part XVI. Cellobiose.” By W. N. 

Haworth, C. W. Long, and J. H. G. Plant. 

“ Equilibrium in the system CuS0 4 -Na 2 S0 4 -H 2 0 at 0°, 25°, and 37*5°. A 
correction.” By R. M. Caven and W. J ohnston. 

“The complex cyanides of molybdenum.” By W. B, Bucknall and W. 
Wardlaw. 

4 * The paraehor and chemical constitution. Part VI. Some oases of supposed 
ring-chain tautomerism.” By F. B. Garner and S. Sugden. 

“ The polymerides of some diaryl-^-thiohydantoins and of some 2 : 4-diaryl - 
tetrahydro-1: 2 : 4-thiodiazole derivatives.” By B. E. Hunter and H. 
Morland. 

“ Studies of valency. Part VIII. Extinction coefficients and molecular 
conductivities of Vernon’s isomeric a- and /3-dimethyltelluronium salts. 
The molecular structure of quadrivalent tellurium compounds,” By 

T. M. Lowry, R. B. Goldstein, and F. L. Gilbert. 

“ The isomerism of the oximes. Part XXXIII. The oximes of opianic acid 
and of phthalie anhydride.” By O. L. Brady, L. C. Baker, B. F. 
Goldstein, and S. Harris. 

“ The colouring matters of Carajura.” By E. Chapman, A. G. Perkin, and 
R. Robinson. 

“ Trypanocidal action and chemical constitution. Part VII, s-Carbamides 
and arylamines of naphthylamine di- and tri-sulphonic acids with some 
observations on the mesomorphic state,” By I. E. Balaban and H, King, 
“ The preparation of mono- and di-nitro-derivatives of benzil.” By F. D. 
Chattaway and E. A. Coulson. 

“ Studies in colour and constitution. Part II. Further group influences on 
the colours of azo-dyes.” By H. H. Hodgson and F. W, Handley. 


ADDITIONS TO THE LIBRARY. 

I. Donations . 

(a) From Lady Ramsay . 

Arrhenius, Svante. Theorien der Chemie. Translated by 
Alexis Finkelstein. Leipzig 1906. pp. vii + 177. ill. 

—— Das Werden der Welten. Translated by L. Bamberger. 
Leipzig 1907. pp. vi + 208. ill. 

Le Chateuer, Henry. La silice et les silicates. Paris 1914. 
pp. iv 4* 574. ill. 

Mendel£eee ? Dmitri [Ivanovich], Grundlagen der Chemie. 
Translated by L. Jawein and A. Thtllot. St. Petersburg 189L 
pp. iv + 1126. ill. 

Moissan, Henri. Reeherehes snr l’isolment du fluor. Paris 
1887 . - \. ■ o- • 

——Le four 41eetri(jtie. Paris 1897. pp, viii + 386. ill. 
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Righi, Augusto. La moderna teoria dei fenomeni fisici (radio- 
attivita, ioni, elettroni). 3rd edition. Bologna 1907: pp. xii + 
290. ill. 

(b) From Mr. Arnold Stevenson . 

Clifton, E., and Grimaux, A. Nouveau dictionnaire Anglais- 
Eran 9 ais et Fran 9 ais-Anglais. New edition. By J. McLaughlin. 
Paris [1914]—1923. pp. xxiv + 1237, xviii + 1341. (Reference.) 

Hoabe, Alfred. An Italian dictionary. Cambridge 1925. pp. 
xxxii + 906. ( Reference .) 

Kramers’ Engelsch woordenboek: Engelsch-Nederlandsch en 
Nederlandsch-Engelsch. 10th edition. By F. P. H. Pbick van 
Wely. Gouda 1926. pp. viii + 1260. ill. (Reference.) 

Roshdestvensky, A. P., and Shapiro, A. M. Hill’s modern 
pronouncing dictionary of the English and Russian languages. 
2 vols. London 1919. pp. vi + 532, viii + 682. (Reference.) 

(c) Miscellaneous . 

Abderhalden, Emil. Handbuch der biologischen Arbeits- 
methoden. Abt. I. Chemische Methoden, Teil 2, 1 Halfte, Hefte 
iii and iv. Berlin 1927. pp. 643 to 1138. M. 28. (Reed. 9/9/27.) 

-_ Teil 3, 1 Halfte, Heft ii. Berlin 1927. pp. 457 

to 642. M. 10. (Reed. 6/8/27.) 

-Abt. XL Chemische, physikalische und physikalisch- 

chemische Methoden zur Untersuchung des Bodens und der Pflanze, 
Teil 3, Heft vi. Berlin 1927. pp. 865 to 997. M. 7. (Reed. 
13/10/27.) 

From the Publishers : Herren Urban & Schwarzenberg. 

Abnall, Francis, and Hodges, Fbanois William:. Theoretical 
organic chemistry. Part II. London 1927. pp. x + 330. ill. 
105. 6d. net. (Reed. 31/8/27.) From the Authors. 

Bohm, E., and Dietrich, K. R. Reagenzien und Nahrboden. 
Eine Zusammenstellung der wichtigsten und zweekmassigsten 
Vorschriften fur die Laboratoriumspraxis. Berlin 1927. pp. vii + 
375. (Reference.) M. 18. 

From the Publishers : Herren Urban & Schwarzenberg. 

Oaven, Robert Martin. The foundations of chemical theory. 
2nd edition. London 1926. pp. xii + 320. ill. 125. Qd. net, 
(Reed. 15/8/27.) From the Author. 

Handbuch deb anorganiscben Chemie. Edited by Richard 
Abegg, Friedrich Auerbach, and Iwan Koppel. Vol. IV. Part 
L L pp. xii + 966. ill. (Reference.) M. 60. 

From the Publisher : Herr S. Hirzel. 

Institution of Petroleum Technologists. Journal. Decen- 
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nial index, Vols. I-X, 1914—1924. London 1926. pp. 116. 
(Reference.) Is. 6d. net. Prom the Institution. 

Jugoslovenskog Hemijskog Drustva. Sekcije Zagreb . Arhiv 
za Hemiju i Farmaciju. Vol. I, etc. Zagreb 1927 +. (Reference.) 

From the Society. 

Kausch, Oscae. Das Kieselsauregel und die Bleicherden. 
Berlin 1927. pp. iv + 292. ill. M. 29. (Reed. 15/7/27.) 

From the Publisher : Herr Julius Springer. 
Kruyt, Hugo Rudolph, and Klooster, Henry S. van. 
Colloids: a textbook. New York 1927. pp. xii + 262. ill. 
175. 6 d. net. (Reed. 8/9/27.) 

From the London Publishers : Messrs. Chapman & Hall. 
Lewis, Eknest Isaac, and King, Geoege. The making of a 
chemical: a guide to works practice. London 1927. pp. 288. 
ill. 125.6d.net. (Reed. 11/7/27.) 

From the Publishers : Messrs. Ernest Benn. 
Lowry, Thomas Martin, and Russell, Sib [Edwaed] John. 
The scientific work of the late Spencer Pickering, F.R.S. With a 
biographical notice by Abthub Harden. London 1927. pp. x + 
248. ill. 45. net. (Reed. 2/9/27.) 

From the Lawes Agricultural Trust. 
Marsh, James Ernest. Stone decay and its prevention. 
Oxford 1926. pp, vi + 58. ill. 35. 6d. net. (Reed. 15/8/27.) 

From the Author. 

Mookeru, Bhudeb. Rasa-jala-nidhi, or, Ocean of Indian 
chemistry and alchemy. Vol. I. Calcutta [1926]. pp. xxiv *+-356. 
15a. net. From the Author. 

Pickering, Spencer. See Lowry, Thomas Martin, 

Simpktn, Neville, and Sinnatt, Frank Sturdy. Coal and allied 
subjects : a compendium of bulletins 10 to 16 issued by the Lan¬ 
cashire and Cheshire Coal Research Association [1922—1925.] 
London [1926]. pp. viii + [176]. ill. 155.net. (Reed. 2/9/27.) 

From the Association. 
Society oe Chemical Industry, Japan. Journal. (Kogy5 
Kwakaku Zasshi.) Supplemental binding. Vol. XXX, etc. Tokyo 
1927 +• From the Society. 

Spencer, James Frederick. Elementary practical physical 
chemistry, pp. viii + 264, ill. 55.net. (Reed. 6/9/27.) 

From the Author. 

Sptelmann, Percy Edwin. Chemistry. London 1927. pp. 80. 
6d. net; From the Publishers: Messrs. Ernest Benn. 

Sulerian, Albert. Lehrbuch der chemisch-technischen Wirt- 
schaftslehre. Stuttgart 1927. pp. x -f 283. M. 16.50. (Reed. 
10/10/27.) From the Publisher : Herr Ferdinand Enke. 
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Thoms, Hermann. [Editor.] Handbuch der praktisehen und 
wissenscbaftlichen Pharmazie. Vol. VI. Part v. Berlin 1927* 
pp. 961 to 1200. M . 10. (Reed. 21/9/27.) 

From the Publishers : Herren Urban & Schwarzenberg. 

University of Minnesota. Collected research papers from the 
Division of Agricultural Biochemistry. Vol. I, 1923—26. St* 
Paul 1927. {Reference.) From Professor R. A. Gortner. 

VijzES, Matjbice. Lesons de chimie physique. Paris 1927* pp* 
x + 546. iU. 60 fr. {Reed. 7/7/27.) 

From the Publishers : Librairie Vuibert. 


II. By Purchase. 

Food Manufacture : the journal of the food industry. Vol. I, 
etc, London 1927 +. iU. {Reference.) 

Handbuch der Physik. Edited by Hans Geiger and Karl 
Scheel. Vol. I. Geschichte der Physik. Vorlesungstechnik. 
Edited by Karl Scheel. Berlin 1926. pp. vii + 404. ill. 
11.33.60. {Reed. 19/7 /27.) 

-Vol. II. Elementare Einheiten und ihre Messung. 

Edited by Karl Scheel. Berlin 1926. pp. viii + 522. HI. M . 42. 
{Reed. 19/7/27.) 

-Vol. V. GruncUagen der Mechanik. Mechanik der 

Punkte und starren Korper. Edited by Richard Grammel. 
Berlin 1927. pp. xiv + 623. ill. M. 54. {Reed. 2/9/27.) 

-Vol. VII. Mechanik der fliissigen und gasformigen 

Korper. Edited by Richard Grammel. Berlin 1927. pp. xi + 
413. HI. M. 36.60. {Reed. 19/7/27.) 

-Vol. Vin. Akustik. Edited by Ferdinand Tren¬ 
delenburg. Berlin 1927. pp. x + 712. ill. M. 60.90. (Reed. 
2/9/27.) 

-Vol. IX. Theorien der Warme. Edited by Fritz 

Henning. Berlin 1926. pp. viii + 616. iU. M. 49.20. {Reed. 
19/7/27.) 

-Vol. XI. Anwendung der Thermodynamik. Edited 

by Fritz Henning. Berlin 1926. pp. vii + 454. ill. M. 37.20. 
(Reed. 19/7/27.) 

~-- Vol. XIV. Elektrizitatsbewegung in Gasen. Edited 

by Wilhelm Westfhal. Berlin 1927. pp. vii + 444. iU. 
M. 38.10. {Reed. 19/7/27.) 

—-Vol. XV. Magnetismus. Elektromagnetisches Feld. 

Edited by Wilhelm Westphal. Berlin 1927. pp, vii + 532. 
iH. M. 45.60. {Reed. 19,/7/27.) 

-- — Vol. XVI. Apparate und Messmethoden fiir Elek 
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trizitat und Magnetismus. Edited by Wilhelm Westphal. 
Berlin 1927. pp. is + 801. ill. M. 68.40. (Reed. 2/9/27.) 

Handbtjch dee Physik. Vol. XVII. Elektrotechnik. Edited 
by Wilhelm Westphal. Berlin 1926. pp. vii + 392. ill. 
M. 33.60. (Reed. 19/7/27.) 

—-Vol. XVIII. Geometrische Optik. Optische Kon- 

stante. Optische Instrumente. Edited by Heinrich Konen. 
Berlin 1927. pp. xx + 865. ill. M. 74.40. (Reed. 3/10/27.) 

-Vol. XXII. Elektronen, Atome, Molekiile. Edited 

by BIans Geiger. Berlin 1926. pp. vii -f- 568. ill. M. 44.70. 
(Reed. 19/7/27.) 

-Vol. XXIII. Quanten. Edited by Hans Geigee. 

Berlin 1926. pp. x + 782. ill. M. 59.70. (Reed. 19/7/27.) 

-Vol. XXIV. Negative und positive Strahlen. 

Zusammenhangende Materie. Edited by Hans Geigee. Berlin 
1927. pp. xi + 604. ill. M. 51.60. (Reed. 19/7/27.) 

Howe, Haeeison E., and Turner, Feancis Mills. Chemistry 
and the home. New York 1927. pp. xii + 356. 7s. 6 d. net. 

(Reed. 22/9/27.) 

Landolt, Hans Heinbich, and Bornstein, Richard. Phy sik . 
alischchemische Tabellen. 5th edition. Erster Erganzungs- 
band. Edited by Walther Adolf Roth and Karl Scheel. Berlin 
1927. pp. x + 919. ill. ( Reference.) M. 114. 

Naphtali, Max. Chemie, Technologic und Analyse der Naph- 
thensauren. Stuttgart 1927. pp. 144. 11.14. (Reed. 30/6/27.) 

Pfeiffer, Paul. Organisehe Molekiilverbindungen. 2nd 
edition. (Chemie in Einzeldarstellungen, Vol. XI.) Stuttgart 
1927. pp. xvii + 470. M. 42.20, (Reed. 30/6/27.) 

Physical Society of London. Report on series in line spectra. 
By Alfred Fowler. London 1922, reprinted 1927. pp. viii -f 184. 
ill. 14s.6d.net. (Reed. 14/10/27.) 

Remy, Heinrich. Die elektrolytisehe Wasseriiberfiihrung und 
ihre Bedeutung fur die Theorie der wasserigen Losungen. (Fort- 
schritte der Chemie, Physik und physikalischen Chemie, Vol. XIX.) 
Berlin 1927. 

United States. Department of Commerce. Bureau of Standards. 
Standards Yearbook 1927. Washington 1927. pp. 408. ill. 
(Reference.) 5s.6d. net, ' 



PROCEEDINGS 

OF THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, November 3rd, 1927, at 
8 p.m., Professor H. Beereton Baker,. C.B.E., D.Se., F.E.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death on October 10th, of Mr. A. C. P. Lunn, who was 
.elected a Fellow on May 4th, 1922. 

It was announced that Professor C. S. Gibson, Dr. J. T. Hewitt, 
Professor G. T. Morgan, and Professor J. F. Thorpe had been re¬ 
appointed by the Council to represent the Society on the Bureau 
of Chemical Abstracts for the year 1927—1928, and that Professor 
A. J. Allmand, Professor F. G. Donnan, and Dr. T. Slater Price 
would represent the Society on the Editorial Board of the " Journal 
of Physical Chemistry,” together with Dr. E. K. Eideal, the 
representative of the Faraday Society. 

The following were formally admitted Fellows of the Chemical 
Society: G. E. Thompson, J. Muir Smith, E. A. B. Tapley, W. L. 
Lee-Smith, J. Wilson, and L. V. D. Scorah. 

Certificates were read for the first time in favour of: 

William Ernest Cooper, 105, Park Road, Warley Woods, Birmingham. 
Eustace Nevill Eooott, B.Sc., A.R.C.S., Crofton Acre, Orpington, 

Barnett Levin, B.Sc., 64, Pooles Park, N. 4. 

Ronald Henry Linsell, B.Sc., Bethary House School, Goudhurst. 

Moolraj Mehrotra, M.So., 112, Gower Street, W.C. 1, 

Thomas Mitchell, B.Sc., A.R.C.S., 2, Tufton Street, Silsden, Keighley. 

William Emrys Pride, B.Sc., A.R.C.S., Imperial College Hostel, S. Kensington, 
S.W. 7. 

Ralph David Satchell, B.So., A.R.C.S., 26, Wilson Street, S.W. 11. 

Arthur Harold Stevens, B.Sc., Tower House, Wokingham Road, Reading, 
Horatio Todd, Bromleigh, Sandown Road, Knock, Belfast. 

Frank Louis Warren, B.Sc., A.R.C.S., 5, Maitland Park Villas, Hampstead, 

■ N.W.3. 

Marjorie Jennet Wilson-SmitK, B.Sc., 90, Queen Alexandra Mansions, Judd 
Street, W.C. 1. 
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Dr. J. L. Simonsen and Dr. C. R. Young were appointed Scrutators, 
and a ballot for the election of Sir Joseph John Thomson, O.M., 
F.R.S., Master of Trinity College, Cambridge, as an Honorary Fellow 
was held. Sir J. J. Thomson was subsequently declared duly 
elected. 

The following papers were read : 

u The complex salts of nickel with various aliphatic diamines." 
By F. G. Ma nn. 

“ The mechanism of the formation of citric and oxalic acids from 
sugars by Aspergillus niger ." By T. K. Walker, V. Stjbra- 
maniam, and F. Challenger. 

“ The complex cyanides of molybdenum." By W. R. Bttcknall 
and W. Wardlaw. 

“ The parachor and chemical constitution. Part VI. Some cases 
of supposed ring-chain tautomerism." By F. B. Garner and 
S. Sugden. 

“ The colouring matters of Carajura By E. Chapman, A. G. 
Perkin, and R. Robinson. 


Ordinary Scientific Meeting, Thursday, November 17th, 1927, at 
8 p.m., Professor H. Brereton Baker, C.B.E., D.Sc. F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death on March 9th, of Professor Albert William Smith, 
who was elected a Fellow on May 4th, 1922. 

Certificates were read for the first time in favour of : 

Jacob Davis Cohen, B.Sc., A.C.G.F.C., 24, Alconbury Road, Clapton, E. 5. 
Geoffrey William Fenton, B.Sc., 7, St. John’s Avenue, Newcome, Huddersfield. 
James Flint, M.C., 82, Sunny Gardens, Hendon, N.W. 4. 

Charles Frederick Goodeve, M.Sc., University College Hall, Ealing, W. 5. 
Marion Gosset, B.Sc., A.R.C.S., 17, Queen Anne’s Grove, Bedford Park, W. 4. 
Leslie George Groves, B.Sc., 22, Chadway, Chadwell Heath, Essex. 

Herbert Charles Gull, B.Sc., 26, Twyford Road, Ilford. 

Donald Holroyde Hey, B.Sc., 14, Grosvenor Road, Sketty, Swansea. 
Theodora Mary Holmes, B.Sc., A.R.C.S., 24, Clifton Gardens, W. 9. 

Robert Gilbert James, B.Sc., A.I.C., 25, Staplehall Road, Northfield, 
Birmingham. 

•AJ&ed William Leonard, B.Sc,, 72, Hatherley Gardens, East Ham, E. 6. 
Arfluir Bertram Edmund Lovett, B.Se., 4 Prior Street, Greenwich, S.E. 10- 
Alfred PoUsud, B.So,» Hulme Ball, Victoria Park, Manchester. 

John Taylor, B.Sc., 120, Hurlingham Eoad, Fulham, S.W. 6. 
fiavid Matthew Williams, B.So., PhJ3., Craribrooke, Bridge Street, Ahelyat- 
wyth. 
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The following papers were read : 

44 Differential potentiometric titration. Part I. Simple* method.” 
By B. Cavastage:, 

4 4 Differential potentiometric titration. Part II. Refined method. ” 
By B. Cavanagh. 

44 A general method for the preparation of carbocyanine dyes.” By 
F. M. Hamer. 

44 A comparison of analogous organic compounds of phosphorus and 
arsenic.” By C. S. Gibson and J. D. A. Johnson. 

44 Derivatives of methyl 2 : 2 - dimet hy lc 2 /c/opentan-3 - one -1 - car b - 
oxylate.” By C. S. Gibson, K. V. Hariharan, and J. L. 

SlMONSEN. 


IMPORTANT NOTICE. 

Ordinary Scie7itific Meeting , December 1 5th, 1927. 

It has been decided to abandon the Ordinary Scientific Meeting 
arranged for December 15th, 1927 , in view of the Jubilee Dinner of 
the Institute of Chemistry being held that evening. 


List of Papers, or Abstracts thereof, received between October 20th 
and November 17th, 1927. (This List does not include the titles of 
papers which have been read at a Scientific Meeting, or which have 
appeared in the Journal.) 

44 The ternary systems : copper acetate-acetic acid-water and lead 
acetate-acetic acid-water at 25°.” By K. Sandved. 

44 A method of estimating traces of zinc in solution (other metals 
being absent).” By R. Pirret. 

44 The photochemical decomposition of nitrous oxide and nitric 
oxide.” By J, Y. Macdonald. 

44 Investigation of the constitution of glycerides in natural fats. A 
preliminary outline of two new methods.” By T. P. Hilditch 
and C. H. Lea. 

44 The interaction of bromine with acetic anhydride. Part III. 
Arrest of the reaction. A comparison with the bromination of 
acetone.” By H. B. Watson. 

44 Some observations on the chlorination products of pp'-dichloro- 
diethyl sulphide.” By S. A. Mumford and J. W. C. Phillips. 
44 The oxide-ring structure of normal and y-derivatives of mannose. 
Preparation and oxidation of derivatives of y-mannonolactone 
and S-mannonolaetone.” By E. H. Goodyear and W. N. 
Haworth, 



“ The effect of the constitution of a chloroamine on its hydrolysis 
constant.” By F. G. Sopeb and G. F. Smith. 

“ The use of hydrogen peroxide in iodine and other substitutions.” 
By J. E. Marsh. 

“The reactivity of the double bond in coumarins and related 
ap-unsaturated carbonyl compounds. Part I. Addition of 
eyanacetamide to coumarins.” By T. R. Seshadbi. 

“ The nature of the alternating effect in carbon chains. Part XXII. 
An attempt further to define the probable mechanism of orient¬ 
ation in aromatic substitution.” By C. K. Ingold and F. R. 
Shaw. 

“ Nitration of diacetyl-o-phenylenediamine.” By M. A. Phillips. 
“ The formation of 2-methylbenziminazoles.” By M. A. Phillips. 
“The influence of glass upon the vapour pressure.”* By J. 
Rinse. 

“Action of cuprous hydride on diazonium salts—a combined 
Sandmeyer-Gattermann reaction.” By P. Neogi and A. K. 
Mitba. 

“The inflammation of mixtures of (a) carbon monoxide and air, 
(6) hydrogen and air in a closed spherical vessel.” By G. B. 
Maxwell and R. V. Wheeleb. 

“ On the heat of adsorption of oxygen on charcoal.” By A. F. H. 
Wabd and E. K. Rideal. 

“ The laws of aromatic substitution. Part VI. The constitution 
and substitution of phenylnitromethane and some derivatives,” 
By B. Flubscheim and E. L. Holmes. 

“The laws of aromatic substitution. Part VII. A quantitative 
method for rapid determinations of isomeric nitro-derivatives 
of laterally substituted toluenes.” By B. Flubscheim and 
E. L. Holmes. 

“Researches in residual affinity and co-ordination. Part XXX. 

, Complex ethylenethiocarbamide salts of univalent and bivalent 
metals.” By G. T. Morgan and F. H. Btjbstall. 

“ Optical activity and the polarity of substituent groups. Part 
VII. sec.-p-Octyl esters of o-, m-, and ^-substituted benzoic 
acids.” By H. G. Rule, W. Hay, A. H. Ntjmbebs, and T. R. 
Paterson. , 

“ A cyclic semipinacolin.” By J. W. Cook. 

“ Activation of extended conjugated systems. A reply.” By J. W, 
Baker and I. S. Wilson. 

“ On auto-poisoning phenomenon shown by catalytically active 
copper at moderate temperatures.” By F. H. Constable. 

“ The condensation of glyoxalines with formaldehyde.” By R. 



44 Glyoxaline-4(5)-formaldehyde.” By W. Httbball and F* L. 
Pyman. 

44 Orientation effects in the diphenyl series. Part V. The inde¬ 
pendence of the two nuclei in diphenyl compounds as evidenced 
by substitution and reactivity effects.” By R. J. W. Le F&vre 
and E. E. Turner. 

44 Action of Beckmann’s chromic acid mixture on some monocyclic 
terpenes.” By T. A. Henry and H. Paget. 

4 4 Applications of thallium compounds in organic chemistry. Part 
IV. Thallium compounds of polyhydroxy-compounds.” By 
R. C. Menzies and M. E. Kieser. 

44 Density and refractivity of dilute manganese salt solutions.” By 
A. N. Campbell. 

44 Studies of dynamic isomerism. Part XXVI. Consecutive 
changes in the mutarotation of galactose.” By G. F. Smith 
and T. M. Lowry. 

44 Triazole compounds. Part II. Methylation of some 1-hydroxy- 
1:2: 3-benztriazoles.” By 0. L. Brady and C. V. Reynolds. 

44 Campnospermonol, a ketonic phenol from Campnospermum brevi- 
peiiolatum .” By T. G. H. Jones and F. B. Smith. 

44 Cyclic organo-metallic compounds. Part IV. Tellurylium com¬ 
pounds (continued)” By H. D. K. Drew. 

44 Cyclic organo-metallic compounds. Part V. Phenoxselenine and 
phenoxthionine from phenoxtellurine. Selenylium and thionyl- 
ium compounds .” By H. D. K. Drew. 

44 Stereoisomerism of disulphoxides and related substances. Part 
II. Derivatives of 1 :4-dithian.” By E. V. Bell and G. M. 

■ Bennett. 

44 The velocity coefficient for bimolecular reactions in solution.” By 
R. G. W. Nourish and F. F. P. Smith. 

44 The constitution of the disaccharides. Part XVIII. Maltose and 
melibiose.” By W. N. Haworth, J. V. Loach, and C. W. 
Long. 

44 The hydrogen-ion concentration of aqueous iodine solutions.” By 
H. M. Dawson. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, DECEMBER 
1st, 1927. 


Berks, Stanley, The Limes, High View Av., Grays, Essex. British. 
Science Master. 2nd Class Honours School Natural Science (Chemistry), 
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Oxford. Teacher of Chemistry at Palmer’s School, Grays, Essex (Sept. 1922). 
{Signed by) H. J. George, D. L. Chapman, M. P. Applebey. 

Blythe, George Edward Kevin, “ Ael-y-Bryn,” 20, Pantygwydr Road, 
Uplands, Swansea. British. County Lecturer in Electrotechnics to the 
Glamorgan County Council. Doctor of Philosophy. B.Sc. Lecturer in 
Chemistry and Scholar Leeds University. Jarrow-on-Tyne Secondary School 
Honours Diploma, City and Guilds. Fellow Royal Astronomical Society, 
Fellow of Geological Society. Member Royal Institution of Great Britain. 
Laureate French Academy of Science. Fellow Soci4t6 Astronomique de 
France. Associate American Institute of Electrical Engineers. Graduate 
Institution of Electrical Engineers (London). Graduate Institution of 
Structural Engineers (London). “ Mineral Oil—Petroleum,” “ Powdered 
Fuel,” c< The Corrosion of Metals,” Durham University, February, 1925. 
(Signed by) Julius B. Cohen, Edward John Jones, Arthur M. O’Brien. 

Clay, Charles Nightingale, SI, Cromwell Road, London, S.W. 7. British. 
Industrial Chemist. B.Sc. (1st Class Honours in Chemistry at University 
College, London). A.I.C. Wish to receive publications of the Society and 
to attend the meetings. (Signed by) F. A. Freeth, L. W. Codd, F. M. Irvine. 

Cooper, William Ernest, 105, Park Rd., Warley Woods, Birmingham. 
British. Assistant Works Chemist. Five years at Messrs. Guest, Keen & 
Nettlefolds, Ltd., Birmingham. Studied one year at Birmingham University. 
Studied four years at Birmingham Municipal Technical School. Student of 
Inst, of Chemistry. Six years’ works technical experience. (Signed by) J. 
Newton Friend, J. Cooper Duff, Wm. Wardlaw. 

Coppocjk, Philip Dalton, 50, Albany Rd., Victoria Park, Manchester. 
English. Technical and Research Chemist. B.Sc. Hons. Chem. (Man¬ 
chester). M.Sc.Tech. (Manchester). Assistant to T. R. Hodgson, M.A., 
F.I.C,, Public Analyst for Blackpool, Wallasey, etc., Jan.-May, 1926, and 
July, 1927 to date. Evening Demonstrator in Chemistry and Bacteriology 
of Foodstuffs. Manchester College of Technology, Sept., 1926 to date. 
(Signed by) T. K. Walker, John K. Wood, T. R. Hodgson. 

Corder, Benjamin John (Rev.), The Rectory, Radnage, High Wycombe. 
British. Clerk in Holy Orders. B.A. (Cantab.). Work on Electrochemistry, 
(Signed by) Robert Robertson, Geo. Stubbs, J. J. Fox. 

Eccott, Eustace Nevill, Crofton Acre, Orpington, Kent. British. 
Student (Chemistry). B.Sc. (2nd Class Honours, London). A.R.C.S. 
(Signed by) H. B. Baker, M. A. Whiteley, G. A. R. Kon. 

England, Herbert, 22, Queen’s Road, Harrogate, Yorkshire. British. 
Chemist Director (Taylor’s Drug Co., Ltd.). Chemist and Druggist, Edin¬ 
burgh. In control of the Company’s Laboratory and Dispensaries. I desire 
to keep abreast with modern scientific literature and development. (Signed 
by) J. LaagfoTd Moore, John Rennie, H. Roberts. 

FtnAly, Stephen de, Budapest, Hungary, IX. L6nyay-utra 41. Hungarian. 
Analytical Chemist of the Royal Hungarian Geological Survey, Budapest. 
Diploma of Chemical Engineering issued by the Royal Hungarian “ Joseph ” 
University of Technical Sciences, Budapest. (Signed by) Thos. J. Cheater, 
William T. Burgess, R. Sutcliffe. 

Fitzgerald, Robert Raxlton, 68, Bath Row, Birmingham. British 
Head Brewer. To keep in touch with the latest developments in Biological 
Chemistry. (Signed by) S. H. Green, William Duncan, E. C. Bennison. 

Gbrry, Horace Leonard, Lyndall, Queen’s Park, Chester, British, 
Pharmacist. Member of the Pharmaceutical Society of Great Britain. Has 
worked far 12J years on the Chemistry of Soils and Soil Sterilisation for 
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Horticultural purposes. Is desirous of receiving the Society’s Publications 
and of attending its meetings. {Signed by) John Welsh, W. H. Saunders, 
George Dalrymple. 

Glover, Thomas Joseph, 40, Curzon St., South Circular Road, Dublin. 
Irish. Lecturer in Chemistry, Birmingham University. M.Sc. and Ph.D., 
National University, Ireland. Papers, with Prof. Hugh Ryan, on “ Nitro- 
derivatives of Diphenylamine *’ {Proceedings of the Royal Irish Academy) and, 
with Prof. G. T. Morgan, on the “ Orthochlorodinitrotoluenes ** 1921, 

1700; 1924, 1597. {Signed by) Wm. Wardlaw, W. J. Hickinbottom, H. D. 
K. Drew. 

Harington, Charles Robert, 2, The Greenway, Gerrards Cross, Bucks. 
British. Lecturer in Pathological Chemistry, University College Hospital 
Medical School, London. M.A. (Cantab.), Ph.D. (Edin.). Papers on chemical 
subjects in the Biochemical Journal (including “ Constitution and Synthesis 
of Thyroxine ”). {Signed by) George Barger, Ellen Stedman, C. P. Stewart. 

Hayman, Edgar Albert, “ Cranleigh,” 100, Doyle Gardens, Harlesden, 
N.W. 10. British. Chemist and Druggist. Member of Pharmaceutical 
Society. Desirous of attending meetings and to receive the publications of 
the Society. {Signed by) Frank B. Arnold, Percy Barrs, Alfred J. Lennane. 

Hussey, Herbert Richard, 31, Thornbury Avenue, Southampton. 
British. Managing Director of Randall & Wilson, Ltd., Manufacturing 
Chemists, Southampton. My object in being a Fellow is to attend the 
meetings; also to receive the Journal and other publications. (Signed by) 
Fred. W. Fletcher, D. R. Boyd, Herbert J. Hodges. 

Ingram, Albert William Kemp, " St. Stephens,” 261, High Street, 
Sheemess, Kent. British. B.A. Student at Emmanual College, Camb. 
Entering Teaching Profession as Chemistry Master. B.A. (Cantab.). Natural 
Science Tripos* Part I. Reading for Camb. Univ. Diploma in Education, 
with special endorsement in Science. {Signed by) R, G. W. Norrish, F. W. 
Dootson, C. R. Ward. 

Jones, John William Thomas, 112, Gaskarth Road, London, S.W. 12, 
British. Research Student. A.R.C.S. {Signed by) H. B. Baker, Jocelyn 
Thorpe, M. A. Whiteley, G. A. R. Kon, Philip C. Bull, R. F. Hunter. 

Kerr, Robert Napier, 22, St. Bernard’s Crescent, Edinburgh. British. 
University Assistant. B.Sc., Ph.D. (Edinburgh). Assistant in Chemistry, 
Edinburgh University, 1926-27. Carnegie Research Scholar, 1925-26. 
J.Q.S., 1926, 2796; Phil. Mag 1927, 330. (Signed btj) James Walker, 
H. Gordon Rule, Ernest B. Ludlam. 

King, Reginald Benjamin, Lemsford, 52, Mostyn Road, Merton Park, 
Surrey. British. Student. B.Sc., London (Hons. Chem.), 1925, Two years’ 
research to 1927, King’s College, London. A.I.C. (Signed by) Samuel Smiles, 
A. J. Allmand, E. W. McClelland. 

Kitasato, Zenjiro, Chemical Department, The University, Manchester. 
Japanese. D.Sc., University of Tokyo, Have been engaged in research- 
work for eight years in Japan. Am now engaged at the University of Man¬ 
chester under Professor R. Robinson, F.R.S. “ Beitrage zur Kenntnis der 
Isochinolin-Alkaloid©, 55 Acta Phytochimica (Japan), Vol. Ill, No. 2. (Signed 
by) Robert Robinson, Arthur Lapworth, H. Raymond Ing, Ernest Wignall. 

Kny-Jgnbs, Frederic Goronwy, 1, Linley Road, Bruce Grove, London, 
N. 17. British. Training for Secondary School teaching. B.Sc. (Second 
Class Honours Chemistry). (Signed by) J. R. Partington, E. E. Turner, 
F. E. King. 

Lawrence, Cyrix Dunn. 46, Juer St., Park Rd., Battersea, S.W. 11. 
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British* Research Student at the Imperial College of Science and Technology 
B.Sc., London (Honours, Chemistry). (Signed by) E. H. Fanner, G. A. R. 
Kon, Arnold Stevenson. 

Levin, Barnett, 64, Pooles Park, Finsbury Park, N. 4. British. Organic 
Research Student. B.Sc., London, 1926. (Signed by) Jocelyn Thorpe, 
G. A. R. Kon, Arnold Stevenson. 

Linsell, Ronald Henry, Bethany House School, Goudhurst, Kent. 
English. Science and Mathematics Master. B.Sc., London (Hons. Chemistry). 
As a teacher of Chemistry, I wish to keep up to date with present research, 
and prepare to do research of my own for further qualifications. (Signed by) 
J. R, Partington, E. E. Turner, A. Brewin. 

McBride, John, Uzina Sinimbri, Sao Miguel de Campos, Alagdas, Brazil. 
British. Analytical Chemist. Seven years in Laboratory of Messrs. John 
Walker & Co., Sugar Refiners, Greenock; 3J years in laboratories of C.TT.C.S., 
Pernambuco, Brazil; now head chemist to this company. (Signed by) 
Angus Smith, John Wm. Biggart, William M. Cumming. 

Macdonald, James Younger, 17, Learmonth Gardens, Edinburgh. 
British* Lecturer in Chemistry, University of St. Andrews (from August, 
1927). B.A. (Nat. Sci., Oxon.). Three years as research student. J.C.S., 
1925, 127, 2764. (Signed by) F. G. Donnan W. E. Gamer, Henry Terrey. 

McNeil, James Eric, “ Claremont,” Lake Road East, Cardiff. British. 
Colliery Chemist. At present Assistant to Tredegar Iron & Coal Co., Tredegar, 
Mon. B.Sc. (3rd Class Honours in Chemistry) in University of Wales. Long 
vacations of 1924 and 1925 spent in laboratory of Messrs. Trehame & Duncan, 
Cardiff. (Signed by) J. H. Duncan, A. A. Read, E. P. Perman. 

Mbhrotra, Moolraj, Chemistry Department, University of Allahabad, 
Allahabad. Indian. Demonstrator in Chemistry, University of Allahabad. 
B.Sc. and M.Se. of the University of Allahabad. I have been on the staff 
of the University of Allahabad for four years and have contributed eight 
papers on Colloid Chemistry. Two of them are in the press, and the following 
six have been published : 1. “ Adsorption von Saiiren, Basen und Satzen, 
etc.,” M. R.Mehrotra and N. R. Dhar (Zeit. Anorg., Chemie Band 155). 2. “ Die 
Stabilitat Kolloidaler LSsungen, Pt. H,” K. C. Sen and M. R. Mehrotra (Zeit. 
Anorg. Chemie , Band 142). 3. “ Peptisation of Metallic Hydroxides in Pres¬ 
ence of Sugars,” M. R. Mehrotra and K. C. Sen (J. Ind . Chem . Soc, r 1927, 
4, 117). 4. “Simultaneous Adsorption of Ions from Solution, Pt. I, etc.,” 
Moolraj Mehrotra and Kshitish Chandra Sen ( J . Ind. Chem. Soc. 9 1926, 
3, 297). 5. “Studies in Adsorption, Pt. XV,” M. R. Mehrotra and N. R. 
Dhar (J. Phys. Chem., 1926, 30, 1185). 6. “ Die peptisation von Eisen und 
Chromhydroxyd, etc.,” M. R. Mehrotra and K. C. Sen (Roll. Zeit., 1927, 42, 
35). (Signed by) F. G. Donnan, S. Barratt, Henry Terrey . 

M e r edith, David Owen, P.O. Box AA-B, Hobart, Tasmania. Australian. 
General Superintendent, Electrolytic Zinc Co. of Australasia, Ltd. La charge 
of Electrolytic Zinc Co. of Australasians operations at Risdon, Tasmania, 
formerly as Deputy General Manager and now as General Superintendent. 
These works cover the electrolysis of zinc and cadmium, also production of 
sulphuric acid, nitric acid, and superphosphate. Member Australasian 
Institute 0 f Mining and Metallurgy. Member American Institute of Mining 
and Metallurgical Engineers. Member Institution of Engineers (Australia). 
Member American Chemical Society. (Signed by) D. Avery, Gilbert Bigg, 
D. Orme Masson. , 


Millard , Arthur Here ward, 8, Westhall Rd., Park Lane, Bath. British. 
Lectmer atthe Bath and West of England College of Chemistry and Pharmacy. 

stibn of Pharmaceutical Soc., Jan. 5, 1925. Pharmaceuti- 
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cal Chemist Diploma, July 22, 1925. Three years student and 6 years as 
Demonstrator and Lecturer in Pharmaceutical Chemistry at The Bath and 
West of England College of Chemistry and Pharmacy. Desirous of keeping 
in touch with chemical research. (Signed by) David J. Williams, Arthur 
Marsden, P. J. Thompson. 

Mitchell, Thomas, 2, Tufton St., Silsden, nr. Keighley, Yorks. British. 
Research Student. B.Sc., London (Hons.). A.R.C.S. (Hons.). ( Signed by) 
G. A. R. Kon, W. E. Hugh, H. L. Riley. 

Murakami, Shinzo, Chemical Department, The University, Manchester. 
Japanese. Instructor in the Pharmaceutical College, Osaka (Japan). Have 
been engaged in research work for 10 years in Japan and now in the University 
of Manchester under Prof. R. Robinson. “ On New Constituents of the 
Ava root ” (Joum. Pharm. Soc., Japan , 1916, 1918). “ On the Essential 
Oil of Houttuynia cordata. Thumb. ( ibid., in the press). (Signed by) Robert 
Robinson, Arthur Lapworth, H. Raymond Ing, Ernest Wignall. 

Nodzu, Ryuzaburo, Chemical Department, The University, Manchester. 
Japanese. Assistant Professor of Organic Chemistry, Kyoto Imperial Uni¬ 
versity, Japan. D.Sc., Kyoto Imperial University. Have engaged in 
research work under Prof. S. Komatsu. Joint author of the following papers : 
“ Reaction between Aniline and Chloroacetic Acid,” Mem. Coll . Sci. Kyoto , 
1922, VI, 73; “Studies on Catalytic Action, I,” loc . cit ., 1923, VI, 177; 
“ On the Synthesis of Phosphoric Acid Esters, II,” loc . c it., 1924, VII, 377 ; 
“ On the Chemistry of Japanese Plants, VII,” loc. cit., 1925, VIII, 223. 
Author of the following paper : “ On the Synthesis of the Phosphoric Acid 
Esters, HI,” J. Biochem., 1926, VI, 31. At present working under Prof. 
R, Robinson, F.R.S., at University of Manchester. (Signed by) Robert 
Robinson, Arthur Lapworth, Reginald C. Fawcett, H. Raymond Ing, Ernest 
Wignall. 

Oommen, Mariam Puthenparampil, 59, Tregunter Road, West Brompton, 
London, S.W. 10. Indian. Lecturer in Chemistry, Women’s Christian 
College, Madras, S. India. Now Research Student at Royal College of Science, 
London. B.A. (Hons.) Chemistry (Madras University), 1924. (Signed by) 
James C. Philip, M. A. Whiteley, B. B. Dey, Jocelyn Thorpe. 

Oswald, William Alexander Hugh, White Knights, St. George’s Hill, 
Weybridge, Surrey. British. Technical Department, Anglo-American Oil 
Co., Ltd. B.A., Cambridge University, 1st Class Inorganic and Organic 
Chemistry, Physics, Industrial, Commercial, and Applied Chemistry. I have 
spent some time in the Imperial Oil Co. Refinery in Sarnia, Canada, chiefly 
in connection with “ cracking” and vacuum distillation; also some months 
in the Research Laboratories of the Standard Oil Co. (N.J.) in connection with 
testing chemical substances for their “ anti-knocking ” properties when added 
to petrol; research on lubricating oils, fuel oils, and Diesel oils; vacuum 
distillation and vapour-phase “ cracking.” I spent a month in Dr* F. H. 
Gamer’s Laboratory at Fawley. (Signed by) C. I. Kelly, C. Chilvers, Walter 
A. Woodward. 

Pavion, Harry, 4, Brideoak St., Cheetham, Manchester. British. 
Chemist and Representative at Messrs. N. Taylor & Co., 105, Hulme Hall 
Lane, Miles Platting, Manchester. Associate of Pharmaceutical Society of 
Gt. Britain (1906-1912). Registered Medical Student at Victoria University, 
Manchester (1914-1919). Senior Sergt. Dispenser, R.A.M.C. (T.F.) at home 
and abroad, Field Ambulance and General Hospital. Late Managing Director 
to Messrs. Rubwel Co., Ltd., Manchester, Manufacturing Chemists, etc* 
(Signed by) H. Berry, Fred Fairbrother, J. E. Myers. 

PerDins, Gordon, Chemical Laboratory, Royal Infirmary, Edinburgh. 
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British. Chief Pharmacist to Royal Infirmary, Edinburgh. Manufacturing 
and Analytical Chemist, Teacher of Pharmacy. Pharmaceutical Chemist 
and Teacher of Chemistry. Occasional contributor to Pharmaceutical Joumal 
on educational matters, in which I am particularly interested; late Secretary 
to Ipswich Pharmaceutical Association; Lecturer to Edinburgh Chemists 
Association. {Signed by) Arthur W. Mann, J. F. Ward, J. Macvie Hill, 
D. Hughes, William Mair, H. P. Wilson. 

Prasad, Mata, Royal Institute of Science, Bombay, India. Indian. 
Professor in Inorganic and Physical Chemistry, Royal Institute of Science, 
Bombay (India). 3XSe. of Benares Hindu University. Published a number 
of papers in KoU. Zeit ., Jour . Phys . Chem ., Zeit. physical. Chem ., and Jour. 
Ind. Chem. Soc . Wor kin g at present at Davy-Faraday Laboratory on crystal 
structure. Member of the Royal Institution. Published no paper in J.C.S . 
so far. {Signed by) W. E. Gamer, Henry Terrey, L. F. Gilbert. 

Pride, William Emrys, Imperial College Hostel, South Kensington, 
S.W. 7. British. Research Student. A.R.C.Sc., B.Sc. (Imperial College of 
Science and Tech., London). [Signed by) Jocelyn Thorpe, M. A. Whiteley, 
James C. Philip, R. F. Hunter. 

Rao, Bijoor Sanjiva, Bangalore. Hindu. Assistant Chemist, Depart¬ 
ment of Organic Chemistry, Indian Institute of Science, Hebbal, Bangalore. 
B.A. (Madras); Associate Indian Institute of Science; some time Assistant 
Lecturer, Central College, Bangalore; then Assistant Chemist, Mysore Govt. 
Sandalwood Oil Factory; from 1921 Assistant Chemist, Indian Institute of 
Science. Published following joint papers in the Jour. Ind. Inst. Sci. f “ West 
Australian Sandalwood Oil,” 1922, V, pt. 12; “ Kochi Grass Oil,” 1925, 
V TTfA j pt. 2; “Essential Oil of Cyperus Eotundus 1925, VIHa, pt. 4; 
*■*Notes on Indian Essential Oils,” 1925, VHIa, pt. 10; “Occurrence of 
Sylvestrene,” 1925, VIIIa, pt. 14; “ Essential Oils from Kaempferia galanga , 
Curcuma aromatica , and Erythroxylon monogynum 1926, IXa, pt. 6. “ The 

Occurrence of Sylvestrene,” J.C.S., 1925,127, 2494. {Signed by) J. L. Simon¬ 
son, Roland V. Norris, M. O. Forster. 

Raymond, Walter Desmond, Chemical Laboratory, Baghdad. British 
by birth* Assistant Chemical Examiner to the Govt, of Iraq. Formerly 
student at Sir John Cass Technical Institute, Aldgate, E. Formerly Assistant 
to R. H. Ellis, Esq., F.I.C., F.C.S., at Olympia Oil and Cake Co., Ltd., Selby. 
B.Sc., London University. Lecturer in Chemistry to the Iraq School of 
Pharmacy. {Signed by) E. de Barry Barnett, J, W. Cook, Henry J. S. Sand. 

Rkys-Jones, David Clarence, 10, Berkley Av,, Levershulme, Manchester. 
British. Research Student, Manchester University. B.Sc. (Wales). (Signed 
by) Frank Lee Pyman, Frederick A. Mason, John K. Wood, 0. Rhys Howell. 

Robinson, Albert Ernest, 14, Brentwood Terrace, Armley, Leeds. 
English. Works Colour Chemist. Now Departmental Manager at Messrs. 
Wood & Bedford, Branch of the Yorkshire Dyeware & Chemical Co., Ltd. 
Matriculation, Northern Universities, 1917 (private study); Final Certificates 
in Wool and Cotton Dyeing, London Institute; Group Certificate of Leeds 
Technical College; Two years 5 Leather Manufacture and Analysis at Univer¬ 
sity of Leeds; Eleven years as Works Colour Chemist. I wish to keep in 
touch with Chemical Research. {Signed by) Chas. S. Bedford, Ralph C. 
Storey, 0. W. H. Story. 

Satchell, Ralph David, 26, Wilson St., London, S.W. 11. British. 
Student, Organic Research at Imperial College of Science and Technology. 
.A.R.C.S., ’B.Sc. (Hons.). (Signed by) G. A. R. Kon, W. E. Hugh, J.* 0. 
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Scott, William Dallas, Eldercroft, Cassio Rd., Watford, Herts. British. 
Student. Diploma of the Associateship of the Royal College of Science and 
proceeding to higher degrees. {Signed by) G. A, R. Kon, Arnold Stevenson, 
M. A. Whiteley. 

Somerville, Ian Campbell, 319, Ryers Avenue, Cheltenham, Pa., U.S.A. 
British. Research Chemist. Graduated from Edinburgh University, B.Sc., 
1st Class Hons. Chem., 1923. Assistant in Physical Chemistry in Edinburgh 
University, 1923-25. Thesis accepted for Ph.D., July, 1926. Jointly with 
Dr. J, D. M. Ross, J.C.S. , 1926, 2770. “ Melting-point Curves of Optical 
Isomerides in the Camphor Series.” {Signed by) James Walker, John D. M. 
Ross, Alex. McKenzie. 

Stevens, Arthur Harold, Tower House, Wokingham Road, Reading 
(Berks.), British. Chartered Patent Agent. B.Sc. (in Chemistry, Physics, 
and Maths, at London University). Passed Pinal Exam, for Assoc. Mem. 
Inst. C.E., taking Metallurgy as one subject. Have obtained patents on 
many chemical inventions for clients, including 155092 (Water softening); 
120381 (arsenical compounds); 249172 (rubber substitutes); 249526 (azo¬ 
dyes); 217391 (lead refining); 273017 (pigments); 275328 (yeast). {Signed 
by) H. Harris, S. Judd Lewis, J. N. Goldsmith. 

Todd, Horatio, Bromleigh, Sandown Road, Knock, Belfast. British. 
Pharmaceutical Chemist. President Pharmaceutical Soc., Northern Ireland. 
Licentiate and Member Pharmaceutical Society of Ireland. Member, ex- 
Committee, British Pharmaceutical Conference. Ex-President North Irish 
Pharmacists Assoc. (2 years). Desirous of admission to the Society in order 
to keep in touch with current advances in chemistry, particularly in relation 
to pharmacy and medicine. No published papers in Journals of Chemistry. 
{Signed by) Henry Wren, Theo. Harper, Chas. J. Still, William Macartney. 

Walton, Robert, The Mill House, Langford, Malden, Essex. British. 
Chemist to Southend Waterworks Co. Student of Chemistry desirous of 
using the library and receiving the Journal. ( Signed by) P. C. L. Thome, 
E. do Barry Barnett, J. W. Cook. 

Warren, Frank Louis, 5, Maitland Park Villas, Haverstoek Hill, Hamp¬ 
stead, N.W. 3. British. Research Student. B.Sc. (Imperial College of 
Science and Technology, London), A.R.C.S. {Signed by) Jocelyn Thorpe, 
M. A, Whiteley, James 6. Philip. 

Wilson-Smith, Marjorie Jennet, 90, Queen Alexandra Mansions, Judd 
Street, London, W.C. 1. British. Research Student, Organic Chemistry 
Dept., Imperial College of Science and Technology. B.Sc. (London), Royal 
Holloway College, Englefield Green, Surrey. 1. Lindley Studentship in 
Physiology, London University, 1922-23. 2. Demonstrator in Chemistry, 
London School of Medicine for Women, 1921-22 and 1923-25. {Signed by) 
M. A. Whiteley, Jocelyn Thorpe, E. H. Farmer, G. A. R. Kon. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2): 

Leech, Paul Nicholas, American Medical Association, 535, N. Dearborn 
St., Chicago, Ill., U.S.A. Bom in U.S.A, Director Chemical Laboratory, 
Amer. Med. Assoc. A.B. Miami Univ.; Sc.M. Univ. of Chicago; Ph.D. 
Univ. of Chicago. Various articles in Chemical and Medical Literature 
Since 191$. Articles have been published in J. Am. Chem. Soc. (with J. 
Stieglitz), Industrial cmd Engineering Chemistry , J . Am. Pharm. Assoc., and 
J . Am. Med. Assoc. Have also written many unsigned articles and editorials 
principally in J. Am. Med. Assoc. Chairman Chicago Section of the Amerioan 
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Gbeia. Soc., 1926-27. Assoc. Fellow American Med. Assoc. (Signed by) 
A. 3EL Clark. 

Ruff, Otto, Dr.phil., Dr.Ing.Eh., Breslau (Germany), Borsigstrasse 23. 
German, Direktor des anorganisch chemischen Institute der technischen 
Hoehsehule. Dr.phil. (Berlin, Universit.); Dr.Ing.ehrenheilber (Dresden, 
technissche Hoehsehule). Berichte der Deutschen Chem. Ges.; Zeits. f. 
Anorgan. Chemie, Elektrochemie, Angewandte Chemie, Colloidchemie. 
(Signed by) E. F. Armstrong. 


ADDITIONS TO THE LIBRARY. 

I. Donations . 

Crane, E. J., and Patterson, Austin McDowell. A guide to 
the literature of chemistry. New York 1927. pp. xii + 438. ill. 
( Reference .) $5. net. From the Authors. 

Cruets, Ernest Charles. Plough Court: the story of a notable 
pharmacy, 1715-1927. London 1927. pp. xviii + 228, ill. 

From Messrs. Allen & Hanburys. 

Institute of Fuel. Proceedings, Vol. I, No. 1. London 1927. 
pp. iv + 112. ill. From the Institute. 

Pilcher, Richard Bertram. The profession of chemistry. 
Revised edition. London 1927. pp. x + 94. (Reed. 17/11/27.) 

From the Institute of Chemistry. 

Sidgwick, Nevil Vincent. The electronic theory of valency. 
Oxford 1927. pp. xii + 310. 15s. net. (Reed. 11/11/27.) 

From the Author. 

Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V. Part hi. Berlin 1927. 
pp, 529 to 752. M. 10. (Reed. 7/11/27.) 

From the Publishers : Herren Urban & Schwarzenberg. 

II. By Purchase , 

Berthelot, Marcelin. See Boutaric, Augustin. 

Bone, William Arthur, and Townend, Donald Thomas 
Alfred. Flame and combustion in gases. London 1927. pp. 
xvi + 548. ill. 32 s. net. (Reed. 24/10/27.) 

Born, Max. The mechanics of the atom. Translated by 
J. W. Fisher and revised by D. R. Hartree. London 1927. pp. 
xvi + 318. ill. 18$. net. (Reed. 21 /10/27.) 

Boutaric, Augustin. Marcelin Berthelot (1827-1907). Paris 
1927. pp. 220. ill. 15 fr. net. (Reed. 14/11/27.) 

I - Butler, John Alfred Valentine. The chemical elements and 
their compounds: an introduction to the study of inorganic 
. from modem standpoints. London 1927. pp. xii + 206, 
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Crocker, James Codrington, and Matthews, Frank. Theoreti¬ 
cal and experimental physical chemistry. London 1927. pp. viii + 
582. ill. 2l5.net. (M. 18/11/27.) 

Edwards, Jtjnitjs David. Aluminium bronze powder and 
aluminium paint. New York 1927. pp. 104. ill. 125. 6d. net. 
(Reed. 24/10/27.) 

Erdmann, Ernst, and Dolch, M. Die Ghemie der Braunkohle. 
2nd edition. Halle (Saale) 1927. pp. xiii + 289 + 321. ill. 
M. 42. (Reed. 9/11/27.) 

Fox, Cyril S. Bauxite : a treatise discussing in detail the origin, 
constitution, known occurrences, and commercial uses of bauxite; 
and including particulars regarding the present condition of the 
aluminium industry and the peculiar importance of cryolite in the 
extraction of aluminium from bauxite. London 1927. pp. xii + 
312. ill. 305. net. {Reed. 21/10/27.) 

Garzuly, R. Organometalle. (Sammlung Vol. XXIX.) 
Stuttgart 1927. 

Green, John Wilfrid, and Ridley, Charles Norman. The 
science of roadmaking. London 1927. pp. xvi + 138. ill. 105. 6d. 
net. (Reed. 21/10/27.) 

Handruoh der Kolloidwissenschaft in Einzeldarstel- 
lungen. Edited by Wolfgang Ostwald. Vol. II. Kolloid- 
chemie der Starke. By Maximilian Sameo. Dresden 1927. pp. 
xix + 509. ill. AT. 32. (Feed. 2/11/27.) 

Hauser, Ernst A. Latex. Sein Vorkommen, seine Gewin- 
nung, Eigensohaften sowie technische Verwendung. Mit einem 
Anhang: Patentubersicht, bearbeitet von Carl Boehm von 
Bobenegg. Dresden 1927. pp. xii + 231. ill. if, 17.50. 
(Reed. 2/11/27.) 

H it,ditch, Thomas Percy. The industrial chemistry of the fats 
and waxes. London 1927. pp. xvi + 462, 185, net. (Reed. 
21/10/27.) 

HiiCKEL, Walter. Der gegenwartige Stand der Spannungs* 
theorie, (Fortschritte der Chemie, Physik und physikalischen 
Chemie, Vol. XIX.) Berlin 1927. 

Lessheim, Hans, and Samuel, Rudolf. Die Valenzzahl und 
ihre Beziehungen zum Bau der Atome, (Fortschritte der Chemie, 
Physik und physikalischen Chemie, Vol. XIX.) Berlin 1927. 

Lorenz, Richard, and Kaufler, Felix, Elektrochemie gesch* 
molzener Salze. Leipzig 1909. pp. vi + 84. ill. if, 3.50, (Reed. 
3/11/27.) 

Moss, Kenneth Neville. Gases, dust and heat in mines. 
London 1927, pp. xii + 233. ill, 125. 6d» net* (Reed. 
21/10/27.) 
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New York State. Department of Health. Standard methods 
of the Division of Laboratories and Research : general laboratory 
procedures and the methods used. [Baltimore, Md.] 1927. pp. 
xx + 704. ill. 34s. net. (Heed. 18/11/27.) 

Oppenheimer, Carl. Die Fermente und ihre Wirkungen. 5th 
edition. Vol. iii. Die Methodik der Fermente. Edited by Carl 
Oppenheimer and Ludwig Pincussen. Part I, etc. Leipzig 
1927 +. 

Painton, Edgar Theodore. The working of aluminium. 
London 1927. pp. x -f 214. ill.' 13s. 6 d. net. (Reed. 18/11/27.) 

Rees, Heinrich. Clays : their occurrence, proper ties, and uses 
3rd edition. New York 1927. pp. viii -f 614. ill. 35s. net. 
(Reed. 18/11/27.) 

Stewart, Alered Walter. Recent advances in organic 
chemistry. 5th edition. 2 vols. London 1927. pp. xiv -f 387, 
xiv-f 382. ill. 42s.net. (Reed. 24/10/27.) 

Taylor, Hugh Stott. Elementary physical chemistry. Adapted 
from “ A treatise on physical chemistry.” New York 1927. pp.' 
x -f 532. ill. 16s. net. (Reed. 24/10/27.) 

Thornton, William M., fun. Titanium : with special reference 
to the analysis of titaniferous substances. New York 1927. pp. 
262. ilL 21s.net. (Reed. 24/10/27.) 

Waggaman, William H., and Eastbrwood, Henry W. Phos¬ 
phoric acid, phosphates, and phosphatic fertilizers. New York 
1927. pp. 370. ill. 31s. 6d. net. (Reed. 24/10/27.) 

Waesman, Selman A. Principles of soil microbiology. [Balti¬ 
more, Md.] 1927. pp. xxviii + 898. ill. 45s. net. (Reed. 
18/11/27.) 

Walker, Sir James. Introduction to physical chemistry. 
10th edition. London 1927. pp. xii-}- 446. ill. 16s. net. 
(Reed. 18/11/27.) 

Webb, E. T. Soap and glycerine manufacture. London 1927* 
pp. arii + 224. ill. 25s.net. (Reed. 21/10/27.) 

Weigert, Earn. Optische Methoden der Chemie. Leipzig 
1927. pp. xvi + 632 + xvi. ill. if. 38. (Reed. 31/10/27.) 

Wiesneb, Julius von. Die Rohstoffe des Pflanzenreichs, 4th 
edition. Edited by Paul Eu.ats and Wilhelm von Brehmer. 
Vol. I. Leipzig 1927. pp. iv + 1122. ill. ( Reference.) M. 49. 

Westerstein, Eknst, and Trier, Georg. Die Alkaloids. Fine 
Monographic der naturlichen Basen. 2nd edition. By Georg 
TbUr: Teil l. Berlin 1927. pp. 356. M. 18. (Reed. 31/10/27.) 
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III. Pamphlets. 

Aeronautical Research Committee. Eeports and Memoranda. 
No. 1062. Dopes and detonation. 2nd report. By Hugh Long- 
bourne Callen dar. London 1927. pp. 31. ill. 

Alberta. Scientific and Research Council . Eeport No, 18, 
The Mtuminons sands of Alberta. By K. A. Clark and S. M. 
Blair. Edmonton 1927. pp, x + 74. ill. 

Australia, Commonwealth of, Council for Scientific and 
Industrial Research. Bulletin No; 31. Newsprint: preliminary 
experiments on the grinding of immature euealypts for mechanical 
pulp and possibilities of manufacturing newsprint in Australia. By 
L. E. Benjamin. Melbourne 1927. pp. 37. ill. 

-Bulletin No. 32. A survey of the tanning materials of 

Australia. By D. Coghill. Melbourne 1927. pp. 136. 

-Bulletin No. 33. The possibilities of power alcohol and 

certain other fuels in Australia. By G. A. Cook, Melbourne 1927. 

pp. 106, 

-Circular No. 9. Preliminary report on the treatment of 

redgum or marri kino (Eucalyptus calophylla) for the preparation of 
tannin extract. By D. Coghill. Melbourne 1927. pp. 14. 

Baryscheva, Elisabeth. Uber die Synthese der Geschmacks- 
empfindungen. (From Pfliigers Archiv , 1926, 215.) 

Board oe Education. Eeport of H.M. inspectors on the pro¬ 
vision of instruction in pure chemistry in technical colleges and 
schools in England. London 1927. pp. 11. 

British Eesearch Association eor the Woollen and Worsted 
Industries. An outline of its activities. By Sydney George 
Barker and Arnold Frobisher. Leeds 1927. pp. iv + 47. ill. 

Collins, W. D, The radioactivity of natural waters. (From the 
U.S. Public Health Reports , 1926, 41,) 

Ford, William Ebenezer. Studies in the calcite group. (From 
the Trans. Conn , Acad. Arts Sci 1917, 22.) 

Greenburg. Leonard. Benzol poisoning as an industrial 
hazard. (From the U.S. Public Health Reports , 1926, 41.). ill. 

Hendrick. James. The evolution of the fertiliser industry. 
(From the Trans . Highland & Agric. Soc. Scotland, 1927.) 

Hume, William Fraser. The nitrate shales of Egypt. (From 
the Mem . Inst, figyptien, 1915, 8.) 

Institute op Chemistry op Great Britain and Ireland, Fire 
risks in industry. By Alec Munro Cameron. London 1927. pp. 21. 

—— The growth of the profession of chemistry during the past 
half-century (1877—1927). By Alfred Chaston C ha pm a n . 
London 1927. pp. 23^ 
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Lender, B. A., Turner, W. R., and Thom, Charles. Food 
poisoning from a streptococcus in cheese. (From the U.S. Public 
Health Reports, 1926, 41.) 

Miall, Stephen. Chemical reflections. London 1927. pp. 39. 

Mines Department. Safety in Mines Research Board . Paper 
No. 1. Memorandum on explosives for use in fiery and dusty mines, 
and the methods of testing them. By the Explosives in Mines 
Research Co mm ittee. London 1923. pp. 12, 

-Paper No. 2. The application of stone dust in coal 

mines. [By Allan Greenwell.] London 1923. pp. 58. ill. 

---Paper No. 3. Coal dust explosions, Eskmeals, 1923 : a 

descriptive account. By Richard Vernon Wheeler. London 
1924. pp. 29. ill. 

-—— Paper No. 4. First report of the Explosives in Mines 

Research Committee, 1922—1923. London 1924. pp. 12. 

-Paper No. 5. Flame-proof electrical apparatus for 

use in coal mines. First report—flange protection. By Ira Cecil 
Frank Statham and Richard Vernon Wheeler. London 1924. 
pp. 50. ill. 

--Paper No. 6. The support of underground workings 

in the South Wales coalfield. (A report of the Support of Workings 
in Mines Committee.) London 1925. pp. 15. 

--— Paper No. 35. Flame-proof electrical apparatus for 

use in coal mines. Third report—ring-relief protection. By H. 
Rainford and Richard Vernon Wheeler. London 1927. pp. 
21. ill. 

-—— Paper No. 36. The ignition of gases by hot wires. By 

W. C. F. Shepherd and Richard Vernon Wheeler. London 
1927. pp. 26. ill. 

Penfold, Arthur Ramon. Tung oil (Chinese wood oil) from 
Australian grown trees of Aleurites Fordii (Hemsley). (iSydney 
Technological Museum Bulletin No , 12.) Sydney 1926. pp. 9. 

Scientific and Industrial Research, Department of. Building 
Research. Special Report No. 8. Fire-resistant construction. By 
Reginald Edward Strapping and Frank Lawrence Beady. 
London 1927. pp. vi + 57. ill. 

- Chemistry Research. Special Report No. 1. The production 

of formaldehyde by oxidation of hydrocarbons. By Wilfrid 
LBDruby and Ethelbert William Blair. London 1927. pp. 
iv ^ 54. ill. 

: -— Engineering Research . Special Report No. 2. Properties 
of materials at high temperatures. II. Mechanical properties of 
6 per cent, carbon steel, and 0*53 per cent, carbon oast steel. By 
Tapsbll and W> Clenshaw. London 1927* pp. iv + 16. ill. 



PROCEEDINGS 

OF THE 

CHEMICAL SOCIETY. 

Lecture held at Burlington House on Thursday, November 24th, 
1927, at 8 p.m., Professor H. Brereton Baker, C.B.E., D.Sc., 
F.R.S., President, in the Chair. 

Professor W. A. Bone, F.R.S., delivered his Lecture, entitled 
“ Gaseous Combustion at High Pressures.” A vote of thanks to 
the Lecturer, proposed by Sir Robert Robertson, K.B.E., F.R.S., 
and seconded by Professor J. F. Thorpe, C.B.E., F.R.S., was carried 
with acclamation, Professor Bone making acknowledgment. 


Ordinary Scientific Meeting, Thursday, December 1st, 1927, at 
8 p.m., Professor H. Brereton Baker, C.B.E., D.So., E.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death on September 9th, of Hermann Hast, who was 
elected a Fellow on Deoember 2nd, 1926. 

It was announced that it had been arranged for Fellows of the 
Society to obtain the publications of the Dutch Chemioal Society 
at the following reduced rates: 

“ Chemisch Weekblad ” . Dutch FI. 10 per annum 

(Regular price, Dutch FI. 15). 

“ Reoueil dos travaux Dutch FI. 11.50 per annum 
chimique des Pays-Bas ” (Regular price, Dutch FI. 16.50). 

Application should be made by Fellows direct to Dr. A, D. Donk, 
Secretary, Nederlandsche Chemische Yereeniging, Yerspronckweg 
100, Haarlem, Holland. 

C. Chilvers was formally admitted a Fellow of the Chemical 
Society. 

Certificates were read for the first time in favour of: 

Basil Butterworth, B.Sc., 6, Belgrave Road, Wanstead, E. 11. 

Jessie Cattermole, 207, Norbury Crescent, S.W. 16, 

Moses Leveroek Crossley, 734, Park Avenue, Plainfield, N.J., U,S,A. 
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Edgar Beattie Grant, 7, Alexandra Place, Jesmond, Newcastle-on-Tyne. 
Thomas Hagyard, B.Sc., 3, Station Boad, Eaglescliffe S.O., co Durham. 
Miriam Ivy Horton, 59, Ingleby Boad, Ilford. 

Lilian Gertrude Thomerson, B.Sc., 134, Colchester Boad, Leyton, E. 10. 

Vera Millicent Thorn, B.Sc., 37, Steade Boad, Sheffield. 

Gladys Irene Sharp, 34, Woodhouse Boad, Leytonstone, E. 11. 

Bichard Whittam, 120, Walmersley Boad, Bury. 

Dr. P. 0. Austin and Dr. H. Hunter were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected : 


Stanley Birks, M.A. 

George Edward Kevin Blythe, B.Sc.,, 
Ph.D. 

Charles Nightingale Clay, B.Sc., 
A.I.C. 

William Ernest Cooper. 

Philip Dalton Coppock, B.Sc., 
M.Sc.Tech. 

Benjamin John Corder, B.A. 

Eustace Nevill Eccott, B.Sc., 
A.B.C.S. 

Herbert England. 

Stephen de Einaly. 

Bobert Bailton Fitzgerald. 

Horace Leonard Gerry. 

Thomas Joseph Glover, M.Sc., Ph.D. 

Charles Bobert Harington, M.A., 
Ph.D. 

Edgar Albert Hayman, 

Herbert Bichard Hussey. 

Albert William Kemp Ingram, B.A. 

John William Thomas Jones, 
A.B.C.S. 

Bobert Napier Kerr, B.Sc., Ph.D. 

Beginald Benjamin King, B.Sc., 
A.I.C. 

Zenjiro Kitasato, D.Sc. 

Frederick Goronwy Kny-Jones, B.Sc. 

Cyril Dunn Lawrence, B.Sc. 

Paul Nicholas Leech, A.B., Sc.M., 
Ph.D. 

Barnett Levin, B.Sc. 


Bonald Henry Linsell, B.Sc. 

John McBride. 

James Younger Macdonald, B.A. 
James Eric McNeil, B.Sc. 

Moolraj Mehrotra, M.Sc. 

David Owen Meredith. 

Arthur Hereward Millard. 

Thomas Mitchell, B.Sc., A.B.C.S. 
Shinzo Murakami. 

Byuzaburo Nodzu, D.Sc. 

Mariam Puthenparampil Oommen, 
B.A. 

Willjam Alexander Hugh Oswald, 
B.A. 

Harry Pavion. 

Gordon Perrins. 

Mata Prasad, D.Sc. 

William Emrys Pride, B.Sc., A.B.C.S. 
Bijoor Sanjiva Bao, B.A. 

Walter Desmond Baymond. 

David Clarence Bhys-Jones, B.Sc. 
Albert Ernest Bobinson. 

Otto Buff, Dr.Phit, Dr.Ing.Eh. 
Balph David Satchell, B.Sc., A.B.C.S. 
William Dallas Scott, A.B.C.S. 

Ian Campbell Somerville, B.Sc., Ph.D. 
Arthur Harold Stevens, B.Sc. 
Horatio Todd. 

Bobert Walton. 

Frank Louis Warren, B.Sc., A.B.C.S. 
Marjorie Jennet Wilson-Smith, B.Sc. 


The following papers were read: 

“ Action of Beckmann's chromic acid mixture on some monocyclic 
terpenes.” By T. A. Henry and H. Paget. 

“The condensation of glyoxalines with formaldehyde.” By R. 
Gbindlby and F. L. Pyman. 

“ Glyoxaline-4(5)-formaldehyde. ,, By W. Hubball and F L. 
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" Studies of dynamic isomerism. Part XXVI. Consecutive 
changes in the mutarotation of galactose.” By G, F. Smith 
and T. M. Lowry. 

“ Triazole compounds. Part II. Methylation of some 1-hydroxy- 
1:2: 3-benztriazoles.” By 0. L, Brady and C. V. Reynolds. 

“ The reaction between diaryloxywopropyl alcohols and phosphorus 
oxychloride in the presence of pyridine.” By D. R. Boyd 
and D. E. Ladhams. 


The Council has made the following Grants from the Research 
Fund : 

£ s. d. 

Constitution of iridin and irigenin. W. Baker. (Oxford TJniv.) 7 0 0 

The chemistry of Balbiano’s acid. J. C. Bardhan (Imperial 

Coll.) . 9 0 0 

Constitution of Columbia. W. Blakey. (Cambridge Univ.) ... 4 0 0 

Organic compounds of arsenic. A. Brewin. (E. London Coll.) 7 0 0 

Synthetical experiments in connexion with the alkaloids and 

related substances. R. K. Callow. (Oxford Univ) ... 7 0 0 

Constitution of the disaccharides. W. Charlton. (Birmingham 

Univ.) ... 7 0 0 

Catalytic effects produced by acids and salts ( contd .), H. M. 

Dawson. (Leeds Univ.) . ... ... 9 0 0 

Determination of oxygen content in wrought iron and steel. C. H. 

Desch and H. H. Rains. (Sheffield Univ.). 9 0 0 

Tautomerism of ketones of the type cycZohexanylacetone (contd.). 

A. H. Dickins. (Imperial Coll.) .. ... ... 7 0 0 

Three-carbon tautomerism. E. N. Eccott. (Imperial Coll.) ... 7 0 0 

(a) Synthesis of ^oindole. 

(b) Fission of sulphones with alkalis. G. W. Fenton. (Leeds 

Univ.) .. ... ... ... ... 14 0 0 

Constitution of morphine. J. D. Fulton. (Manchester Univ.)... 7 0 0 

Quasi-aromatio structures (contd.). F. R. Goss. (Leeds Univ.) 14 0 0 

Relative directive powers of the halogens. L. G. Groves. (E. 

London CoU.) . ... .:. 4 0 0 

Relative effects of the wieta-orienting groups. H. 0. Gull. (E. 

London Coll.) ... .. . ... 4 0 0 

Experiments on alkaloids and related substances. J. M, Gullan d. 

(Oxford Univ.).. ... . ... 7 0 0 

Properties of w-bromoquinaldines, etc. D.L. Hammick. (Oxford 

Univ. ..." ... ... ... ... ... ... ? 0 0 

Constitution of carbohydrates. H. A. Hampton. (Birmingham 

Univ.) ... ... i., ... ... ... ... 7 0 0 

Study of electrolytes in non-aqueous solutions. F. S. Hawkins. 

(E. London Coll.) ... ... ... ... ... — 9 0 0 

Influence of the solvent on reaction velocity in its bearing on the 

quantum theory. F. W. Hodges. (Chelsea Polytechnic),.. 4 0 0 
, Reaction products of benzoyl chloride and benzoic anhydride with 

indigo. E. Hope. (Oxford Univ.) ... ... ... 7 0 0 

Studies in azo- and azoxy-compounds. Miss M. I. Horton. (E. 

London Coll.) .. ... ... ... ... 4 0 0 
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£ a. d . 

'fhree-carbon tautomerism in nnsaturated nitriles. A. Kandiah. 

(Imperial Coll.). 7 0 0 

Solvent effect on velocity of reaction. R. JST. Kerr. (Bedford 

Coll.) . 9 0 0 

Properties of conjugated compounds. C. D. Lawrence. (Imperial 

Coll.) . ... ... ... 7 0 0 

Constitution of carbohydrates. A. Learner. (Birmingham 

TJniv.) ... 7 0 0 

Re-examination of certain large ring compounds. R. J. W. Le 

P&vre. (Univ. Coll., London) ... ... 4 0 0 

Synthesis and properties of symmetrically substituted diaryl 

hydrocarbons. A. W.. Leonard. (E. London Coll.) ... 4 0 0 

Effect of substituents on the formation of coumarin derivatives. 

A. B. E. Lovett. (E. London Coll.). 4 0 0 

Synthesis of the compounds produced by the condensation of 

fluorene with acetone. P, Maitland. (Glasgow TJniv.) ... 4 0 0 

Competitive substitution effects in the benzene nucleus, H. A. 

Mayes. (E. London Coll.) . 7 00 

Comparison of thallium and dialkyl thallium salts with each other 
and with salts of the alkali metals. R. C. Menzies. (Bristol 

TJniv.) . ... 14 0 0 

Three-carbon tautomerism. T. Mitchell. (Imperial Coll.) ... 7 0 0 

Structure of carbohydrates. T. H. Morton. (Birmingham) ... 7 0 0 

Stereoisomerism in polycyclic systems. S. G. P. Plant. (Oxford 

TJniv.) ... ... . . 11 0 0 

Heat of adsorption of oxygen on charcoal. E. K. Rideal and 

A. E. H. Ward. (Cambridge TJniv.).. . 9 0 0 

Condensation reactions of y-diketones. E. Roberts. (E. London 

Co*h) ... .. ... ... ... 4 Q o 

Syntheses of certain glucosides, and derivatives of certain 

hydroxy-acids. A. Robertson. (Manchester TJniv.) ... 19 0 0 

Mobility of three-carbon tautomeric systems, E. Rothstein. 

(Leeds TJniv.) . .. 19 o 0 

Equilibrium mixtures of unsaturated methyl ketones. R. D. 

Satchell. (Imperial Coll.) ... ... .. 7 o 0 

Properties of cyclic unsaturated acids. W. D. Scott, (Imperial 

Coll.) ... ... .. ... . 7 0 0 

Kitration of ethylbenzene and related substances. E. A. Seeley. 

(Derby Tech. Coll.) ... .. ... ... ... 7 0 0 

Depression of orienting influences by substitution. Miss G. I. 

Sharp. (E. London Coll.) ... ... ... .. 4 0 0 

Comparative velocities of nitration of w-substituted toluenes. 

Miss F. R. Shaw. (Leeds TJniv.) ... ... ... *... 7 0 0 

Reactivity of halogens in halogenated derivatives of naphthalene. 

J*. B. Shoesmith. (Edinburgh TJniv.) ... ... ... 7 0 0 

Oxide-ring structure of sugars. J. A. B. Smith. (Birmingham 

Dhiy.) ... ... ... ... ... ... ... ... 7 o 0 

Singlet linkages in co-ordination and molecular compounds. S. 

■ Sugden. (Birkbeck Coll.) ... ... ... ... ... 9 0 0 

Asynanetric organo-metallic derivatives. Miss L. G. Thomerson. 

_ JE. London Coll.) ... ... ... ... ... ... 4 0 0 

-Preparation of mono-substituted derivatives of piperazine, etc. 

(Sheffield TJniv.) ... ... . 4 0 0 



113 


£ s. cL 


Conversion of aromatic amines into quinolines. E. E. Turner, 

(E.London Coll.).., . ... 4 0 0 

Nitration of wieta-dihalogenobenzenes. C. C. N. Vass. (Leeds 

Univ.) . .. . . 7 0 0 

Synthetical experiments on the constitution of alkaloids. C. J. 

Virden. (Oxford XJniv.) .. . 7 00 

Formation of large-membered rings. I. Vogel. (Imperial Coll.) 9 0 0 
Chemistry of molybdenum and allied elements. W. Wardlaw. 

(Birmingham Univ.) ., ... ... ... 9 0 0 

Investigations of sterols from Arnica root and from Ononia 

spinosa root. W. A. Waters. (Cambridge Univ.). 7 0 0 

Bromination of acetyl bromide. H. B. Watson. (Univ. Coll., 

Bangor).... .. . 4 0 0 

Constitution of carbohydrates. J. I. Webb. (Birmingham 

Univ.) ... ... ... ... ... ... ... ... 7 0 0 

Laws governing substitution in the hydrazine molecule. J. 

Wilson. (Regent St. Poly tech.) . .. 40 0 

Effect of gem-dialkyl groups on the formation and stability of the 
anhydrides of dicarboxylic acids. Miss M. J. Wilson-Smith. 

(Imperial Coll.).. .. .. 9 0 0 

£434 0 0 


List of Papers, or Abstracts thereof, received between November 

17th and December 1st, 1927. This List does not include the titles 

of papers which have been read at a Scientific Meeting, or which 

have appeared in the Journal. V 

“ Nor-tf-^-ephedrine, an alkaloid from Ephedra species.” By S. 
Smith. 

“ The alkaline hydrolysis of the nitro - w -bromostyrenes and the 
nitro-<o-chlorostyrenes. 55 By A. T. Dank, A. Howard, and 
W. Davies. 

“ The bromination of m-methoxycinnamic acid.” By H. Davies 
and W. Davies. 

“ On Haber’s glass oell,” By W. S. Hughes. 

“ The resolution of externally compensated p-nitrobenzoylalanine. ’ * 
By W. M. Collbs and 0. S. Gibson. 

“ Studies in adjacent substitution. Part I. Some reactions of 
3-ohloro-2-aminoanisole.’’ By H. H. Hodgson and A. 
Kershaw* 

“ The stereochemistry of reduced quinoxalines. Part HI. The 
resolution of externally compensated a- and (3-2:3:7-tri- 
methyl-1 : 2 : 3: 4-tetrahydroquinoxalines.” By C. S. Gibson, 
J. H. Nutland, and J. L. Simonsen. 

“Studies in halogen compounds. Part I. The mechanism of 
activation of halogen atoms by the nitro-group. The relative 
reactivities of halogen atoms present in aromatic compounds.” 
By A. BREwm and E. E. Turner. 
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“ The migration of the acyl group in partially acylated phenolic 
compounds. Part II.” By A. G. Perkin and R. C. Storey. 

“ The condensation of hexahydrobenzaldehyde and malonic acid.” 
By S. S. G. Sircar. 

“ The salting-out effect. Influence of electrolytes on the solubility 
of w-cresol in water.” By J. S. Carter and R. K. Hardy. 

“The cyanine dyes. Part X. The constitution of the apo- 
cyanines.” By W. H. Mills and H. G. Ord*ish. 


ANNUAL REPORTS ON THE PROGRESS OF 
CHEMISTRY 

Fellows are reminded that application for the Annual Reports 
for 1927, Vol. XXIV, at 5s. 6d. per copy should be received by 
Mr. S. E. Carr without delay. Applications must be accompanied 
by a remittance for 5s. 6d. 


ADDITIONS TO THE LIBRARY 
I. Donations. 

Abderhalden, Emil. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemisehe Methoden, Teil 11, Heft iii, 
Berlin 1927. pp. 217 to 632. ill. M. 22. {Reed. 7/12/27.) 

From the Publishers : Herren Urban & Schwarzenberg. 

Berthotjd, Alfred. Photochimie. Paris 1928. pp. viii + 
324. ill. 40 fr. net. (Reed. 7/12/27). 

From the Publishers : MM. G. Doin et Cie. 

British Association or Chemists. The Chemical Practitioner. 
Vol. I, etc. London 1927 +• { Reference .) From the Association. 

Chemical Society or Japan. Bulletin. Vol. I, etc. Tokyo 
1926 +. (Reference.) From the Society. 

[Mines Department.] Safety in Mines Research Board. Cata¬ 
logue of books, pamphlets, abstracts, translations, etc., in the 
Library. [Sheffield] 1927. pp. 103. [In mimeograph form.] 
(Reference.) From the Department. 

II. By Purchase. 

‘ Hale -White, Sir William. Materia medica, pharmacy, pharm¬ 
acology, andtherapeutics. 19th edition. London 1927. pp. viii + 
712. 10*. 6d.net. (Reed. 22/11/27.) 

Yandell, and Haggard, Howard W. Noxious 
prindpbs of respiration influencing their action. 
mw Yoa& 1927. pp. 220. ill. 19 s. net. (Reed. 26/11/27.) 
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Holliman, Abnold Frederik. A text-book of inorganic 
chemistry. Issued in English in co-operation with Heemon 
Charles Coofer. 7th English edition. New York, 1927. pp.x + 
542. ill. 375.6rf.net. (Reed. 24/11/27.) 

Jellinek, Karl. Lehrbuch der physikalischen Chemie. 2nd 
edition. Vol. I, etc. Stuttgart 1927 +, 

Kent-Jones, Douglas William. Modem cereal chemistry. 
Revised [2nd] edition. Liverpool 1927. pp. viii + 446, ill. 25s. 
net. (Reed, 22/11/27.) 

Klemgard, E. N. Lubricating greases : a book of practical and 
scientific data on the manufacture and use of lubricating greases. 
New York 1927. pp. 198. 235. net. (Reed. 26/11/27.) 

Latjry, N. A. Hydrochloric acid and sodium sulfate. New 
York 1927. pp. 127. ill. 175. net. (Reed. 26/11/27.) 

Loeb, Leonard B. Kinetic theory of gases. . . . Classical 
deductions with recent experimental advances. New York 1927. 
pp. xvi + 556. ill. 275. 6rf. (Reed. 26/11/27.) 

Ostwald, Wolfgang. Die Welt der vernachlassigten Dimen- 
sionen. Eine Einfiihrung in die Kolloidchemie. 9thand lOthedition. 
Dresden 1927. pp.xvi + 325. ill. M. 12. (Reed. 29/11/27.) 

Parsons, Thomas Richard. Fundamentals of biochemistry in 
relation to human physiology. 3rd edition. Cambridge 1927. 
pp. xii + 308. ill. 105. 6rf. net. (Reed. 22/11/27.) 

III. Pamphlets. 

Adams, William Grylls. On Grove’s, Plant’s, and Faure’s 
secondary batteries. London 1881. pp. 14. 

Aeronautical Research Committee . Reports and Memoranda, 
No. 1079. Summary by the Secretary Engine Sub-Committee of 
a “ Report on anti-knock investigations,” By Alfred [Charles 
Glyn] Egerton and S. F, Gates. London 1926. pp, 13. ill. 

Burton, William Kinninmond. The refraction of light and 
lenses. London 1882. pp. [11]. ill. 

Cathcart, C. H. The phenomena of phosphorescence and 
fluorescence. London 1882, pp, [10], 

Johnson, George Stillingfleet. Chemical and molecular 
stability. London 1882. pp. [5], 

--On the absence of sugar from normal human urine. (From 

the Med.-OHr. Trans. 9 1894,76.) 

Kogeeman, Paul Nioolai. The chemical nature of Estqpi^| 
oil-shale. The origin of oil-shales. (From -the Stiz. Nat.-Ges. 

Tartu, 1927, 34, (2).) , , ; Jgg 

New South Wales. Legislative Assembly. R4p#fe 
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Director-General of Public Health, for the year ended 31st December, 
1925. Section I.-C. Industrial hygiene. Section IV. Sixteenth 
Report of the Microbiological Laboratory. Sydney 1927. pp. [46], 
[45]. ill. 

Scientific and Industrial Research, Department of. Forest 
Products Research. Special Report No. 1. The air-seasoning and 
conditioning of timber. By F. M. Olipkant. London 1927. 
pp. vi + 26. ill. 

- Fuel Research . Fuel for motor transport: fourth memoran¬ 
dum. Power alcohol from grasses, straws, and waste vegetable 
materials. London 1927. pp. vi + 26. 

-Physical and chemical survey of the national coal 

resources, No. 9. The Lancashire coalfield: the Ravine seam. 
Part ii. Carbonisation in continuous vertical retorts. London 
1927. pp. vi + 37. ill. 

Sodeati, William Horace. The decomposition of chlorates, 
alone and in presence of other substances. London 1898. pp. 48. 

Sodeau, William Horace, and Gibson, Charles Stanley. The 
use of plaster of Paris as an impression material, (From the 
British Dental 1927.) ill. 

Stapleton, Henry Ernest, Azo, R. F., and Husain, M, 
Hidayat, Chemistry in 'Iraq and Persia in the tenth century a.d. 
(From the Mem. Asiatic Soc. Bengal , 1927, 8.) 

Sullcvan, Michael Xavier. A distinctive test for cysteine. 
(From the U.S. Public Health Reports, 1926,41.) 

Thomson, John Millar. On the action of light upon certain 
substances and its application to photography. London 1882. 
PP* [10]. 

United States. Department of Agriculture. Department Circular 
419. Grouping of soils on the basis of mechanical analysis. By 
R. 0. E. Davis and H. H. Bennett. Washington 1927. pp. 14. 

- Department of Commerce. Bureau of Standards. Circular 

No. 33. [4th edition.] United States Government master 
specification for cement, Portland. Washington 1927. pp. 18. ill, 

— --—-United States Government master specification 

for cement, plastic magnesia (magnesia-oxychloride) used as flooring, 
bases, wainscots, etc. Washington 1927. pp. 16. ill. 

-— Scientific Paper No. 551. Absorption spectra of 

iron, cobalt, and nickel. By W. F. Meggers and F. M. 
Walters, ju%. Washington 1927. ill. 

- i U - i w t , ; ^— Scientific Paper No. 557. A suggested new base 

point on the thermometric scale and the a — p inversion of quartz. 
By Frederick Bates and Francis P. Phelps. Washington 1927, 

-r: •••• ’ v ' '\ /- : ~• • v 



ADDITIONS TO THE LIBRARY OR THE CHEMICAL : 

SOCIETY DURING THE YEAR 1926. 

Abderhalden, Emil. [Editor.] Handbuch der biologisohen 
Arbeitsmethoden. Abt. I. Chemische Methoden, Teil 1, Heft iv. 
Abt. IH. Physikaliseh-chemische Methoden, Teil B, Heft. iii. 
Berlin 1926. Abt. XI. Methoden zur Erforschung der Leistungen 
des Pflanzenorganismus, Teil 3, Heft iv. Berlin 1926-6. 

Accum, Fredrick. See Browne, Charles Albert. 

Adie, Richard Haleburton. Chemistry for agricultural 
students. London 1926. pp. viii + 358. ill. 

Agricola, Georg. See Dabmstaedter, Ernst. 

Alexander, Jerome. [Editor.] Colloid chemistry, theoretical 
and applied. By selected international contributors. Vol. I. 
Theory and methods. New York 1926. pp. 974. ill. 

Allen, Paul W. Industrial fermentations. New York 1926. 
pp. 424. ill. 

Alliott, Eustace Alexander. Centrifugal dryers and separ¬ 
ators. London 1926. pp. 152. ill. 

Alsberg, Carl Lucas, and Grieitng, E. P. Effects of fine 
grinding upon flour. (From Cereal Chemistry, 1925, 2.) 

American Baker’s Association, [later] American Institute 
oe Baking. Baking Technology: a journal of applied science in 
baking. Yol. I, etc. Chicago 1922 +. {Reference.) 

American Institute oe Baking. See American Baker’s 
Association. 

Amerioan MedioalAssooiation. Archives of Internal Medicine. 
Vol. 37, etc. Chicago 1926 +, {Reference.) 

American Petroleum Institute. ■ See Unhid States. Depart¬ 
ment of the Interior. , 

Archives oe Internal Medicine. See American Medical , 
Association. ■ Sf,M 

Arnall, Francis. See Coleman, Joseph Bernard. yimm 

ArnAix,.Francis, and Hodges, Francis Whmam. :-The®re^^| 
organic chemistry. Part I, London 1926. pp. 
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Arrhenius, Svante August. Chemistry in modern life. Trans¬ 
lated from the Swedish by Clifford Skattuck Leonaed. London 
1926. pp. xvi + 286. ill. 

Aslin, Mar y S. See Rothamsted Experimental Station 
Library. 

Assooiazione Italiana di Chimica General® ed Applioata. 
Stanislao Cannizzaro: soritti vari e lettere inedite nel oentenario 
della nascita. Roma 1926. pp. viii + 486. ill. 

Ataok, Frederick William. [Editor.] The Chemists’ Year 
Book 1926. Manchester [1926]. pp. xii + 1198. ill. (Refer¬ 
ence.) 

Aub, Joseph C. [and others]. Lead poisoning. With a chapter 
on the prevalence of industrial lead poisoning in the United States 
by Alice Hamilton. Baltimore 1926. pp. x -f 266. ill. 

Australia, Commonwealth oe. Department of Defence . The 
laboratories of the Munitions Supply Board. Melbourne 1926. 
pp. 7. ill. 

. Australian Chemical Institute. 8th Annual Report. 1924- 
1925. Sydney 1925. pp. 82. 

Australian National Research Council. See Pan-Pacific 
Science Congress. 

Babilk, Heinz. Galvanizing: a theoretical and practical 
treatise. Translated by Charles T C. Salter. London 1926. 
pp. viii + 168. ill. 

Bailey, Clyde H. The chemistry of wheat flour. New York 
1925. pp. 324. ill. 

Baking Technology. See American Baker’s Association. 

Bancroft, Welder Dwight. Applied colloid chemistry: 
general theory. 2nd edition. New York 1926. pp. x + 490. 
ill. 

Barr, Guy. See Nernst, Walter. 

Barton, Larry J. Refining metals electrically. Cleveland, 
Ohio 1926. pp. viii-t~ 414. ill. 

Bate, Stanley Charles. The synthesis of benzene derivatives. 
London 1926. pp. 230. 

Beacall, Thomas [and others]. Dyestuffs and coal tar products. 
4th edition. London 1926. pp. xii + 168. ill. 

Beaumont, Roberts. The finishing of textile fabrics (woollen, 
Worsted, union and other cloths). 2nd edition. Revised by 
Alex. Yewdall. London 1926. pp. xvi + 368. ill. 

Beeiohte der durstigen oeemisohen Gesbllschaft. Berlin 
1886. pp. [iv. + 52]. (Reference.) 

Beybrsdorfer, Paul. Staub-explosionen. Dresden 1925. pp. 
ilL : :.u: C A'- . ^ ' 
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Blasweiler, Th. E. The use of sodium silicate for the sizing 
of paper. Translated from the German. London 1926* pp. xx + 
114. 

Bligh, Neville Melton. The evolution and development of 
the quantum theory. London 1926. pp. 112. ill. 

Boehmer, Norris. See Ellis, Carleton. 

Born, Max. Problem© der Atomdynamik. Berlin 1926. 
pp, viii -f 184. ill, 

Bowles, Thomas Henry. See Fox, John Jacob. 

Braun, Julius von. Lehrbuoh der organischen Chemie. Leipzig 
1925. pp. xii + 508. 

Briggs, Dennis Brook. Classified problems in chemistry. 
London 1926. pp. viii + 152. 

—— Practical glass manipulation. London 1926. pp. xvi + 39 < 
ill. 

British Drug Houses. The B.D.H. book of A.R. standards. 
London 1926. pp. xiv + 112. {Reference.) 

British Engineering Standards Association. British stand¬ 
ard specification for cast iron filter plates and frames. London 1925, 
pp. 37. ill, 

British Research Association for the Woollen and Worsted 
Industries. Annual Report 1925. pp. 27. ill. 

British Silk Research Association. Fastness of dyes on 
silk: proposed standards for fastness to light, water, washing, 
degumming, perspiration.: classification of a number of dyes 
according to their fastness with reference to these standards, 
Leeds 1925. pp. 24. 

Brockman, C. J. Electro-organic chemistry. New York 1926. 
pp. xii + 382. ill. 

- SeeK nobel, Max. 

Broschat, Ernst. Der Behalterbau: ein Handbuch fur die" 
Berechnung und Ausfiihrung eiserner Flussigkeits- und Gasbehalter. 
Part i. Leipzig 1926. pp. 96. ill. 

Browne, Charles Albert. The life and chemical services of 
Fredrick Accum. {From the J. Ghem. Education , 1925.) ill* 

Bruhat, Georges. Cours de thermodynamique a 1’usage de 
Fenseignement supdrieur scientifique et technique. Paris 1926, 
pp. viii + 408, ill, 

Budgen, Norman Frederick. See Turner, Thomas Henry, 

Bunsen, Robert. Gasometrische Methoden. Braunschweig 
1857.. pp. x + 308. ■ ill. - . ' .V-. 

Burgess, Maurice John. See Mines Department. 

Mines Research Board. ' v-"o\ 

Burr, May Sybil. See Friend, John Newton. :, j 
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Canada. Department of Mines . See Kalmus, H. T. 

Cannan, Robert Keith, See Gibbs, Harry Drake. 

Cannan, Robert Keith, Cohen, Barnett, and Clark, William 
Mansfield. Studies on oxidation-reduction. X. Reduction 
potentials in cell suspensions. ( U.S . Public Health Reports , 1926, 
Supplement No. 55.) 

Cannizzaro, Stanislao. See Associazione Italiana di 
Chbceca Generals ed Applicata. 

Carbonelli, Giovanni. Sulle fonti storiche della chimica e 
delT alc him ia in Italia. Tratte dallo spoglio dei manoscritti delle 
biblioteehe con specials riguardo ai codici 74 di Pavia e 1166 
Laurenziano. Opera corredata di 242 riproduzioni fotografiche e 
due tavole fuori testo. Roma 1925. pp. xxii + 220. ill. (. Reference .) 

Carnegie, David. The history of munitions supply in Canada, 
1914-1918. London 1925. pp, xxviii + 336. ill. 

Castan, Pierre. La chimie des matieres colorantes organiques. 
Paris 1926. pp. 456 + iv. 

Caven, Robert Martin. Gas and gases, London 1926. 
pp. 256. ill. 

Challenger Expedition, 1873-76. Report of the scientific 
results of the voyage of H.M.S. Challenger. Deep sea deposits. 
London 1891. (Reference.) 

Chamberlain, Joseph Sotjdder. [Editor.] Chemistry in 
agriculture: a cooperative work intended to give examples of the 
contributions made to agriculture by chemistry. New York 1926. 
pp. xiv + 384. ill. 

Chandler, Charles de Eorest, and Diehl, Walter S. Balloon 
and airship gases. New York 1926. pp. x + 226. ill 

Chaplet, A. Les soies artifieielles. 2nd edition, Paris 1926* 
pp. 256. ill. 

Chemioal Engineering and Chemical Catalogue. A catalogue 
of heavy and fine chemicals, raw material, machinery, plant, and 
equipment applicable to production industries, standardised, con¬ 
densed, and cross-indexed. 2nd edition. Compiled with the co¬ 
operation of leading British manufacturers, by Leonard Hill, 
JEdited by Dudley Maurice Newitt. London [1926]. pp. viii + 
354. ill. (Reference.) 

Chemical Manufacturers’ Directory of England, Wales, and 
Scotland, with some of the firms in Ireland, for 1926, being a list 
of the principal manufacturers of chemicals used in commerce, 
medicine, agriculture, and the arts. 58th edition. London 1926. 
% } pp. 228 . (Reference.) 

ReVj^ws. VoI. I, etc. Baltimore 1924 +. (Two copies.). 
'Margaret B t See Thom, Charles* 
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Clark, Cecil Henry Douglas. The basis of modern atomic 
theory. London 1926. pp. xx + 292. ill. 

Clark, William Mansfield. See Cannan, Robert Keith. 

Clark, William Mansfield, Cohen, Barnett, and Gibbs, 
Harry Drake. Studies on oxidation-reduction. VIII. Methyl¬ 
ene blue. (From the U.S. Public Health Reports, 1925, 40.) 

-. —-Studies on oxidation-reduction. IX. A potentio- 

metrio and speetrophotometric study of meriquinones of the 
jp-phenylene diamine and the benzidine series. (U.S. Public 
Health Reports , 1926, Supplement No. 54.) 

Clarke, Hans Thacher. A handbook of organic analysis: 
qualitative and quantitative. 4th edition. London 1926. 
pp. xii -f 364. ill. 

Cleveland, Theodore K. See Ostwald, Wolfgang-. 

Cleveland Technical Institute. Bulletin Vols. I—II, No. 6. 
Middlesbrough 1921-23. 

Continued as— 

Cleveland Scientific and Technical Institution. Bulletin 
Vol. II, No. 7, etc. Middlesbrough 1923 +, (Reference.) 

Cohen, Barnett. See Cannan, Robert Keith. 

- See Clark, William Mansfield. 

- See Gibbs, Harry Drake. 

Cole, Sydney William. Practical physiological chemistry. 
7th edition. Cambridge 1926. pp. xii + 482. ill. 

Coleman, Joseph Bernard, and Arnall, Francis. The pre¬ 
paration and analysis of organic compounds. London 1926. 
pp. xvi + 352. ill. 

Collins, Sydney Hoard, and Redington, George. Plant 
products. 2nd edition. London 1926. pp. xiv + 262. ill. 

Colloid Symposium Monograph. Papers presented at the 
third National Symposium on Colloid Chemistry. New York 1925. 
pp. 324. ill. 

Conference Internationale de la Chimie. See Union 
Internationale de la Chtmte Pure et AppliquIe. 

Congr&s dr Chimie Industrielle. See Socifejrfi de Chimie 
Industrielle. 

Conn, H. J. Biological stains : a handbook on the nature and 
uses of the dyes employed in the biological laboratory. Geneva 


{New York] 1925. pp. 152. 

Coward, Hubert Frank. See Mines Department. Safety m 
Mines Research Board. 

Cox, Arthur Walter. See Hicks, Jas. A. 

Cronshaw, Harry Brennan. Modem drying 
London 1926. pp. 160. ill. r -y'A 
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Crosthwaite, P. M. See Institution of Civil Engineers. 

Dale, Henry Hallett [and others]. Lectures on certain aspects 
of biochemistry. London 1926. pp. viii + 314. ill. 

Darmstaedter, Ernst. Georg Agricola 1494-1555: Leben 
tind Werk. Miinchen 1926. pp. 96. ill. 

Davidson, Alfred. Intermediates for dyestuffs. London 1926. 
pp. xiv + 256. 

Diehl, Walter S. See Chandler, Charles de Forest. 

Dralle, Robert. Die Glasfabrikation. 2nd edition. Edited 
by Gustav Keppbler. Vol. I. Miinchen 1926. pp. x + 766. 
ill. 


Dunoyer, Louis. Vacuum practice. Translated by J. H. 
Smith. London 1926. pp. x + 228. ill. 

Eastman Kodak Company. Abridged scientific publications 
from the Research Laboratories. Vol. IX, 1925. Rochester, N.Y. 
1925. pp, 230. ill. (Reference,) 

Eldridge, Arthur Alfred. See Friend, John Newton. 
Ellis, Carleton, and Wells, Alfred A., assisted by Norris 
Boehmer. The chemical action of ultraviolet rays. New York 

1925. pp. 362. ill. 

Elsdon, George Davidson. The chemistry and examination 
of edible oils and fats : their substitutes and adulterants. London 

1926, pp. xix + 521. ill. 

Elvove, Ellas. A method for the examination of neoars- 
phenamine and sulfarsphenamine. (From the U.S. Public Health 
Reports, 1925, 40.) 


Emerson, Paul. Soil characteristics: a field and laboratory 
guide. New York 1925. pp. x -f* 222. ill. 

Emich, Friedrich. Lehrbuch der Mikrochemie. 2nd edition. 
Miinchen 1926. pp. xii + 274. ill. 

Engler, Carl, and Hofer, Hans von. [Editors.] Das Erd6l. 
Vol. VI. Leipzig 1925. pp. xiv + 802. ill. 

Ephraim, Fritz, A text-book of inorganic chemistry. English 
edition. By Percy Cyril Lesley Thorne. London 1926. 
pp. xii+ 806. ill* 

Euler, Hans von. Ohemie der Enzyme. 3rd edition. Part I. 
Miinchen 1925. pp. xii + 422. ill. 

: —- Enzyme und Co-Enzyme als Ziele und Werkzeuge der 
ehemisehenForschung. (Sammlung, Vol. XXVIH.) Stuttgart 1926. 
Ffers, Norman. The chemistry of drugs. London 1926. 

Fairrte, Geoffrey. Sugar* Liverpool 1925. pp, xiv + 234. 
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Hannah Teresa. 
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Fernandez, Obdulio. Arquitectura molecular de los agentes 
terapduticos. Toledo 1926. pp. viii + 238. 

Ferrier, R, Les nouveaux axiomes de l’eleetronique 
(mecanique des electrons). Paris 1925. pp. 631 - 

Fersman, Alex. La kemio de T Uni verso. Translated by 
S. Rublev. Leipzig 1925. pp. 79. 

Findley, Albert Edward, and Wigginton, Reginald. The 
practical chemistry of coal and its products. London 1921. pp* 
144. ill. 

Fennemore, Horace. The essential oils. London [1926]. 
pp. xvi + 880. ill. 

Fischer, Arthur. Elektroanalytische Schnellmethoden: Elek- 
troanalyse unter Bewegen von Elektrolyt oder Elektrode. 2nd 
edition. By Aladar Schleicher. (Die chemische Analyse, Vol. 

IV/V.) Stuttgart 1926. pp. 430. ill . (Reference.) 

Fischer, Hans. Die physikalische Chemie in der gerichtlichen 
Medizin und in der Toxikologie mit spezieller Berucksichtigung der 
Spektrographie und der Fluoreszenzmethoden. Zurich 1925. 
pp. viii + 260 -f xl + 19 plates. 

Flammarion, Camille. L’atmosphere. Paris 1872. pp. viii + 
824. ill. 

Foltzer, Joseph. Artificial silk and its manufacture. 3rd 
edition. Translated by T. Woodhouse. London 1926. pp. xiv + 
256. ill. 

Fox, John Jacob, and Bowles, Thomas Henry. The analysis 
of pigments, paints, and varnishes. London [1926]. pp. 180. 
ill. 

Francis, W. See Mines Department. Safety in Mines Research 
Board. 

Fresenius, Carl Remigius, Anleitung zur quantitativen chemi- 
schen Analyse. 3rd edition. Braunschweig 1853-4. pp. xx + 
xii + 620. ill 

—— Anleitung zur qualitativen chemischen Analyse* 9th edition. 
Braunschweig 1856. pp. xx + 348. ill. 

Freundlich, Herbert. Colloid and capillary chemistry. 
Translated from the 3rd German edition by H. Stafford Hatfield. 
London 1926. pp. xvi + 884. ill. 

Fribderich, Ernst. tJber die Harte anorganischer Verbin- 
dungen und die der Elemente. (Fortschritte der Chemie, Physik 
und physikalischen Chemie, Vol. XVIII.) Berlin 1926. 

Friend, John Newton. [Editor.] A text-book of morga^d , , 
chemistry. Vol. HI. Part ii. Beryllium and its congen&rs. By 
Joshua Craven Gregory and May Sybil Burr. London 
pp. xxvi + 342.' ill. (Two copies.) 
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Friend, John Newton. [Editor.] A text-book of inorganic 
chemistry. Vol. VII. Part iii. Chromium and its congeners. 
By Reece Henry Vallance and Arthur Alfred Eldridge. 
London 1926. pp.'xxvi + 380. (Two copies.) 

-Iron in antiquity. London 1926. pp. viii + 222. ill. 

Ftichs, Walter. Die Chemie des Lignins. Berlin 1926. pp. 
xii + 328.. 

FiiETH, Otto. Lehrbuch der physiologischen und pathologischen 
Chemie: 2nd edition of “ Probleme der physiologischen und patholo¬ 
gischen Chemie/’ Vol. I, i and ii. Leipzig 1925-6. pp. xiv + 416. 

Furman, 1ST. Howell. See Kolthoff, I. M. 

Fyleman, Ernest. See Waeser, Bruno. 

Galloway, Sir William. External capillary action. (From 
the Proc . S. Wales Inst. Eng ., 1926, 42.) 

Gardner, William. Chemical synonyms and trade names: a 
dictionary and commercial handbook. 3rd edition. London 1926. 
pp. viii + 355. ( Reference.) 

Gas Journal. Winning papers in the coke competition. 
London 1925. pp. 86. ill. 

Geiger, Hans. See Hanpbuch der Physik. 

Geological Survey of England and Wales. Special reports 
on the mineral resources of Great Britain. Vols. I—III. London 
1915. pp. iv + 59, iv + 93, iv + 57. ill. 

Gibbs, Harry Drake. See Clark, William Mansfield. 

Gibbs, Harry Drake, Cohen, Barnett, and Cannan, Robert 
Keith. Studies on oxidation-reduction. VIII. A study of 
dichloro substitution products of phenol indophenol. (From the 
U.S. Public Health Reports, 1925, 40.) 

Gilman, Henry. See Organic Syntheses. 

Goldschmidt, Franz. See Ubbelohde, Leo. > 

Goodrtdge, Frederick G. £ee Kahn, Max. 

Gregory, Joshua Craven. See Friend, John Newton. 

Greig, E. F. See Mines Department. Safety in Mines 
Research Hoard. 

Grice, 0. S. W. See Mines Department. Safety in Mines 
Research Board. 


Gripping, E, P. See Alsberg, Carl Lucas. 

Griffiths, Ezer. Methods of measuring temperature. 2nd 
edition. London 1925. pp. xii + 204. ill. 


— Pyrometers: recent developments in pyrometric appliances 
| methods for calibrating temperature-measuring instruments, 
notes on electric furnaces. London 1926. pp. xii+126. 


See Rottger, H. 
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Grossmann, Hermann. Stickstoffindustrie und Weltwirtschaft; 
(Sammlung, Vol. XXVIII.) Stuttgart 1926. 

Grun,^Richard. Thermisclie Untersuchungen an Hochofen- 
scMacken. Diisseldorf 1925. pp. 39. ill. 

-Ueber Steinholz. Leipzig 1925. pp. 16. ill. 

Gxjrwitsoh, Leo. The scientific principles of petroleum 
technology. Translated and revised by Harold Moore. London 
1926. pp. xvi + 470 + 8 plates. 

Hamilton, Alice. See Attb, Joseph C. 

Handbuch der experimentellen Pharmakologie. Edited 
by A. Heeeter. Vols. I and H. Berlin 1923-4. pp. iv + 1296, 
iv + 1974. ill. 

Handbuch der Physik. Edited by Hans Geiger and Karl 
Scheel. Vol. X. Thermisehe Eigenschaften der Stoffe. Edited 
by Fritz Henning. Berlin 1926. pp. viii + 486. ill. 

Harley, George. See Tweedie, Mrs. Alec. 

Harris, C. Harman. See Lister, John Edward. 

Hart, Leslie. See United States. Department of Agriculture . 
Department Bulletin No. 1389. 

Hartmann, Martin. See Ubbelohde, Leo. 

Hartridge, Hamilton. See Starling, Ernest Henry. 

Hartwell, F. J. See Mines Department. Safety in Mines 
Research Board . 

Haskins, Charles Homer. Studies in the history of mediaeval 
science. Cambridge, [Mass.] 1924. pp. xiv-j-412. 

Hateield, H. Stafford. See Freundlich, Herbert. 

Hatschek, Emil. See Schulze, Hans. 

Hawley, Lee Fred, and Wise, Louis Elsberg. The chemistry 
of wood. New York 1926. pp. 334. ill. 

Hay, P. S. See Mines Department. Safety in Mines Research 
Board . 

Hedges, Ernest Sydney, and Myers, James Eckersley. The 
problem of physico-chemical periodicity. London 1926. pp. 96* ill. 

Heeeter, A. See Handbuch der experimentellen Pharma¬ 
kologie, 

Hendrick, James. Some points about soil fertility: illustrated 
from Craibstone experiments. (From the Trans . Highland & Agric . 
Soc. of Scotland, 1926.) 

Henneberg, Wilhelm. Handbuch der Gainmgsbakteriologie. 
2nd edition. 2 vols. Berlin 1926. pp. xvi ~f 602, xiv + 403. ilL 

Henning, Fritz. See Handbuch der P m 

Henri, Victor. Structure des molecules: 
laboratoire de Charles Moureu et A la 
Physique. Paris 1925. pp. iv + 124 4- ii 


conferences faite$ 
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Hepburn, Joseph Samuel. See Pearson, William Alexander. 

Herzog, Walther. Die Verwertung der Nebenprodukte der 
Saccharinfabrikation. (Sammlung, VoL XXIX.) Stuttgart 1926. 
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